10 Septenmber 2003 1 TI TLE OF THE | NVENTI ON MJSI CAL TONE- GENERATI NG METHOD
AND MUSI CAL TONE- GENERATI NG APPARATUS BACKGROUND OF THE | NVENTION 5 Fiel d
of the Invention This invention relates to a musical t@eerteyehaseedd ng

met hod whi ch generates nusical tone waveforns by executing a nusical
tone-generating program by neans of a programmabl e processing unit such 10
as a CPU or a DSP (Digital Signal Processor), and also relates to a

musi cal tone-generating apparatus which generates nusical tone waveforns
by executing a mnmusical tone-generating program Prior Art 15 In a
conventional tone generator or a conventional nusical tone-generating
program whi ch generates nusical tone waveforns, through conputation, the
sanpling frequency, the maxi mum nunber ofinusical tones that can be
generated at the sane tinme, andrifig 2@ ARt eRtSyPiopr ocessi ng of each

nmusi cal tone are set beforehand, irTrespective O e types of nusica

tones to be generated and conditions under which other processings such
as background processi ng HUeIexe CNEd-GENERRMNENG MEVEHUD gl t one gener at or
and the 25 nusical tone- g@ﬁ%&@htngogﬁ %ﬁF arhigsfol 1 owing

i nconveni ences have been encountere (§%§Eﬂ S|ca one- generatlng
operations enployed are fixed, and therefore in sone cases, processings
whi ch are not necessary are ame&aRedNDamﬂtﬂﬁ:thﬁﬂTSQNcaseS, essenti a
processi ngs are not execut ed.

5 Field of the Invention _

This invention relates to a musical tone-
generating method which generates musical tone
waveforms by executing a musical tone—generating
program by means of a programmable processing unit such

10 as a CPU or a DSP (Digital Signal Processor), and also
relates to a musical tone-generating apparatus which
generates musical tone waveforms by executing a musical

tone—generating program.

Prior Art

15 In a conventional tone generator or a
conventional musical tone-generating program which
generates musical tone waveforms, through computation,
the sampling frequency, the maximum number of musical
tones that can be generated at the same time, and the

20 contents of processing of each musical tone are set
beforehand, irrespective of the types of musical tones
to be generated and conditions under which other
processings such as background processing are executed.

In the conventional tone generator and the

25 musical tone—generating program, however, the following
inconveniences have been encountered:

(1) Musical tone-generating operations employed
are fixed, and therefore in some cases, processings
which are not necessary are executed, and in other |

30 cases, essential processings are not executed.

For example, in a tone generatcr or a musical



For exanple, in a tone generator or a nusical 10 Septenber 2003 2

t one-generating program whi ch can generate nusical tones sinmultaneously
through a plurality of tone- generating channels, nusi®afeptashes 209%
generated through each tone-generating channel independently of 5 those
generated through the other channels, and the nunber of waveform sanples
to be generated per unit time is constant for all the tone-generating
channel s. Therefore, although musical tones generated through each
channel have different characteristics fromthose 10 generated through the
ot her channels and have different qualities required according to the

ki nds of the nusical tones, the sanme nunber of waveform sanples are
generated for all the tone-generating channels. As a result, the
conventional tone generator or the musicai 15 tone-generating program

performs wast efu, QRELALLENS, §0lo.08NehALENGafUSL AdladoRgS 1ca1 FOT ~ exampl e,
T b

to generate nusical “tones w requency conponents over a broad frequency
band, i.e. wi t¥PieshisgRu4tareeysly Hroperati BA Y tgedr &0PRG 20 nusi cal
tone wavef or ns dwafers® ihg eR&KAETs Outusdicad bbgls sSeopldmgakeaquency (1. e.
with a large n r. of ile to t S n W th
frequency gonpgﬁgﬁ?ﬁﬁbﬁﬁégrggﬁé% W ﬁ%g%ﬂgngggﬁgég,B?%H%ﬁﬁg%ggg ?g perform

t he opération fOesfewensrrhgd PEronmi ddie cshervedrwnife &dath8w sanpling
frequency (i.euundh oF wEBkEcHHNERipIfs SanpkegineFAMddIgler SBAR NMUSI C

pi eces require a large punber, of,misjcal. tones Lo, be generated,but with a
| ow quality mhenIF%ey are” “perfornmed, and oCher "Rt T pﬁ%ces require only a
smal | Therefore, although musical tones generated through
each channel have different characteristics from those
10 generated through the other channels and have different
qualities required according to the kinds of the
musical tones, the same number of waveform samples are
generated for all the tone-generating channels. As a
result, the conventional tone generator or the musical
15 tone-generating program performs wasteful operations
for generating musical tones.
- For example, to generate musical tones with
frequency components over a broad frequency band, i.e.
with a high quality, the operation for generating
20 musical tone waveforms has to be carried out at a high
sampling frequency (i.e. with a large number of
samples), while to generate musical tones with
frequency components only in a low fregquency band, it
suffices to perform the operation for generating
25 musical tone waveforms at a low sampling fregquency
(i.e. with a small number of sampleé). Further, some
music pieces require a large number of musical tones to
be generated but with a low quality when they are
performed, and other music pieces require only a small
30 number of musical tones to be generated but with a high
' guality. Further, a tone-generating channel which
generates musical tones for an outstanding part of a
music piece to be performed, such as a leading part, is
required to generate musical tones with a high quality,

35 while a tone-generating channel which generates musical



30 - nunber of nusical tones to be generated but with a high quality.
Further, a tone-generating channel which generates nusical tones for an
outstanding part of a nusic piece to be performed, suthSepterabargdeld ng part,
is required to generate nusical tones with a high quality, 35 while a
tone-generati ng channel which generates nusical 10 Septenber 2003 5 3
tones for an inconspicuous part such as a backing part, 1is allowed to
generate musical tones with a degraded quality, giving alnost no
difference in sound quality to a |listener. Further, sone types of nusical
tones require conversion of the pitch of nusical tone waveforns thereof
when they are generated, while other types of nusical tones do not require
such conversion of the pitch. Some types of nusical tones require
nodul ati on 10 by neans of an LFO (Low Fregquency Gscillator), while other

types do not regids Adie asafRcomOPEcdiRE Dk snuﬁigglatms__ngeguktﬁ t one
col or processin %ﬁqneagitof a di%%tal filter, while others dog got require
the same, and 5SorE TS 8f TROSTEET HHHER Y EQUFP e Wht 19159205 %f f ect s
thereto, while etdkity dgivengr stmoste ndealiffierenc®hén comuehiqueddkyt one
generator, howeygera h@asdiexed circuits, and therefore it is-difficult to
add a new processing or omt a dispensable prqcessing to or from the
origina fixed processﬁ‘ﬁ&g‘,er\f\hﬁeﬂer@éﬁﬁ§é%f &H‘&i"??&nt?’ge%freaﬁ“dﬁﬁpl i cat ed
circuit. (2) | ncantarsigendr ahor piheic hof Sauscalailz édnbywasefdmer e (sof t war e

tone generator) gt A ANRMM t8by QPETALIAMRY 2 JSRY.! BereoTe fhnamcal Iy

changes .- , . o .
. musical tones do not require such conversion of the

pitch. Some types of musical tones require modulation

10 by means of an LFO {Low Frequency Oscilliator), while
other types do not require the same. Some types of
musical tones require tone color processing by means of
a digital filter, while others do not require the same,
and some types of musical tones require imparting

15 effects thereto, while others do not require the same.
The conventicnal tone generator, however, has fixed
circuits, and therefore it is.difficult to add a new
processing or omit a dispensable processing to or from
the original fixed processings, which requires addition

20 of a complicated circuit.

{2) In a tone generator which is realized by
software (software tone generator), the amount of
operation by a CPU thereof dynamically changes
depending upon the number of tone—generating channels

25 which are currently under operation for generating
musical tones and the contents of musical tone-—
generating operations.performed by the tone generator.
When a software tone generator program (hereinafter
referred to as "the software tone generator™) is

30 implemented by a general-purpose computer in parallel
with other application programs (hereinafter referred
to as "the other applications"), the operation of the
other applications can sometimes be unstable due to a
change in the amount of operation by the software tone

35 generator ,particularly an increase in the amount of



dependi ng upon the nunber of tone-generating channels 25 which are
currently under operation for generating nusical tones and the contents of

musi cal tone- generating operations. performed by the tHheerienesr2003. \Wen
a software tone generator program (hereinafter referred to as "the
software tone generator”) is 30 inplenented by a general - purpose conputer
in parallel wth other application progranms (hereinafter referred to as
"the other applications”), the operation of the othér applications can
sonetines be unstable due to a change in the anount of operation by the
software tone 35 generator particularly an increase in the anount of 10
Septenber 2003 4 5 10 15 operation. (3) The anount of operation that can
be allotted to the software tone generator to be processed is limted not
only by the nunber and types of the other4 applications executed in
paral l el but abperByibhe processing capacity of the processing unit which

carries out the opera 'o Si nce t he _anount of ratiop allotted is thus
severely limted and ;# he oy 8 8 Be?%ﬁ“ﬂbﬁgf i) ég L Shes is

performed in &of khedsoftwanersals lgenrmaner, tQﬂhﬂ1pﬂbc&S§sérlaants to

generate an 'n%ﬁ&%éé Hmlﬁfbm%'ecﬁhmﬁgﬁeén@tt§ﬂ@s oFaRel b{?ﬁePUt with a
degraded qualit

§ or to enerate L g? sic t ones but
with abdhigh qd Pﬁﬁﬁatﬁ% %dﬁﬁﬁ?“fﬁ%dgepéf? gl uﬁrﬁ} Yop Fatlon nmodes.

processing capacity of the processing unift which

carries out the operation. Since the amount of
- operation allotted is thus severely limited and also
the operation for generating musical tones is performed
10 in a fixed or unversatile manner, even if a user wants

to generate an increased number of musical tones at the
same time but with a degraded quality, or to generate a
smaller number of musical tones but with a high

guality, he cannot choose either of the two cperation
15 modes. '

SUMMARY OF THE INVENTION

It is a first object of the invention to provide
a musical tone-generating method and a musical tone-
generating apparatus which are capable of generating

20 - musical tones in either of a mode in which an increased
number of musical tones are generated or a mode in
which musical tones are generated with a high quality,
depending on the user's choice, i.e. the purpose of use
of musical tone generation.

25 _ It is a second object of the invention to
provide a musical tone-generating method and a musical
tone—-generating apparatus which are capable of changing
the contents of operation for generating musical tone
waveforﬁs, depending on the contents of musical tones

30 to be generated and applications executed in parallel
with the operation for generating musical tone
waveforms.

To attain the first object, according to a first



SUMVARY OF THE I NVENTION 20 25 30 It is a first object of the invention to

provide a nusical tone-generating nethod and a musical tone- generating
appar atus which are capable of generating nusical tonddSeplepen?®p3of a
node in which an increased nunber of nusical tones are generated or a node
I n mhich musi cal tones are generated with a high quality, depending on
the user's choice, i.e. the purpose of use of nusical tone generation. It
is a second object of the invention to provide a nusical tone-generating
met hod and a nusical tone-generating apparatus which are capabl e of
changing the contents of operation for generating musical tone waveforns,
dependi ng on the contents of nusical tones to be generated and
applications executed in parallel "with the operation for generating
nmusical tone waveforns. To attain the figst object, according to a first

10 Septenber 2QQ3eet 88Pegd ﬂfvé&t@dnnvwgkenaré f};%@vﬁlfe% Rr eekded &g et hod
of gener ati ng mnusi cal tones dI"IT?%)I’I SIn misS| ca tone- giener ati ng St ep of

generating rusid€AFTRGARE, mTE&ﬁﬂ} neﬁus%EﬁPrf%ﬁﬁyﬁbﬁﬁ¥ OrSR's &RPEEs gener at ed
through a 5 pl gealereyiog shemnef syererpeihgr master 1l nfaramt based nputting

step of i Npul L i ;R8N PbABMGE AN BB BenCANLP il IRAL On- i NPULLi ng

step of |nputt|n%Epontro i nf ormati on dependi ng on an anount of operation

of an operatlﬁﬂ' FéﬁEMtOBp%P%HQﬁF§n/aapﬁ§§Prméﬂﬂea??ﬁ&ﬁqﬁﬂlon’

inputting step of inputting performance information, a
control information-inputting step of inputting control
information depending on an amount of operation of an
operating element operated by a user, and a musical
10 tone waveform sample—generating step of generating
musical tone waveform samples for each of the channels
corresponding to the performance information inﬁut
within a predetermined time period, in a number
corresponding to the input control information,
15 whenever the predetermined time period elapses, the
. musical tone-generating step generating musical tones,
based on the generated musical tone waveform samples,
and an apparatus for generating musical tones, _
comprising musical tone-generating means for generating
20 musical tones, based on musical tone waveform samples
generated through a plurality of channels, performance
information-inputting means for inputting performance
information, control information-inputting means for
inputting control information depending on an amount of
25 calculation of an operating element operated by a user,
and musical tone waveform sample-generating means for
generating musical tone waveform samples for each of
the channels corresponding to the performance
information input within a predetermined time period,
30 in a number éorresponding to the input control
information, whenever the predetermined time period
elapses, the musical tone-generating means generating
musical tones, based on the generated musical tone
waveform samples.

35 As a result, musical tones can be generated in



10 tone waveferm sanpl e-generating step of generating nusical tone
wavef orm sanpl es for each of the channels corresponding to the performnce
information input within a predeternined tine period, 10 $eriermhaigee3
corresponding to the input control information, 15 whenever the
predeterm ned tine period el apses, the ,nusical tone-generating step
generating nusical tones, based on the generated nusical tone waveform
sanpl es, and an apparatus for generating mnusical tones, conprising mnusical
tone-generating nmeans for generating 20 nusical tones, based on nusical
tone waveform sanples generated through a plurality of channels,
performance information-inputting nmeans for inputting perfornmance
information, control information-inputting means for inputting control

i nformati on dependi ng on an anobunt of 25 6al cul ati on of an operating

el ement oper at edthyracfisermodeanad wWhH$thain tDnerasmeal anmmsangt e- gener ati ng

means for 99”%5%&%99 E’?E'l% cal %@Ee%iYg&O(gp S LS o RhiEACL Sl cat NE
channel s corresponding to the per qrnance‘|ﬁ?ornat|on |nput‘mnt%|n a
predet er m ned tRRESpBEE ogeNeIZF ¢ VAthuableidk ctuedsifondARePS *hePTt nput

control infor ki aBexnbeagyete t he predetermned tine period elapses, the
st o2k Lone-gener ot 9 JE, ARCHLp0n Sk oo gath, bRSEA O (he
be generat ed i set@nSepeeateroR0d@ Ingentionertidrey argdereridpiich an
i ncreased nunbgetdba gysggﬁéyg@mgﬁﬂ@ggcggngéﬁggp(Qﬁméiggﬁg kn whi ch nusica
tones are generated W {Bnd NN 943l LY 98PediNg g musical
tones, based on musical tone waveform samples generated
10 ﬁhrough a plurality of channels, a performance
information—inputting step of inputting performance
information for a plurality of parts, a control
information-setting step of setting control information
for each of the parts, and a musical tone wayeform
15 sample—generating step of assigning the input
performance information to at least part of the
channels, and generating musical tone waveform samples
through the at least part of the channels, in response
to the input performance information, at a time density
20 corresponding to the set control information for each
of the parts corresponding to the input performance
information, the musical tone-generating step
generating musical tdnes, based on the generated
musical tone waveform samples, and an apparatus for
25 generating musical tones, comprising musical tone-
generating means for generating musical tones, based on
musical tone waveform samples generated through a
plurality of channels, performance information-
inputting means for inputting performance information
30 for a plurality of parts, control information-setting
means for setting control information for each of the
parts, and musical tone waveform sample~generating
means for assigning the input performance information
to at least part of the channels, and for generating
35 musical tone waveform samples through the at least part



the user's choice. To attain the first object, according to a second
aspect of the invention, there are provided a nethod of generating nusical
tones, conprising a nusical tone-generating step of J@m@ptembey208ssi cal
tones, based on nusical tone waveform sanples generated 10 through a
plurality of channels, a performance information-inputting step of

I nputting performance information for a plurality of parts,. a control

i nformati on-setting step of setting control information for each of the
parts, and a nusical tone waveform 15 sanpl e-generating step of assigning
the input performance information to at |east part of the channels, and
generating nusical tone waveform sanples through the at |east part of the
channels, in response to the input performance information, at a tine
density 20 corresponding to the set control information for each of the
parts correspondi net chadrelisnpih pesponsance thenfiopuat penfotrendaisi cal

tone-generati ngngx‘f%)ggatg&peraact | ng ggsaggglgf%reg%%%gégg the.generat ed

nmusi cal tone waveform sa an appa at us enerat| ng nmusi cal
tones, conpri sFRELHADSI %%ﬁozt%‘mg@ér a8 ¢Fh P Fredits FRGIt SgEAEERSPIR{ AL cal
tones, based omo EHSI Caput qrea-feawehoe misoophasigenenhat adsiBaDugha

plural bty of clanache pSIALTHIGE L0 ALTRLL 00 |NBNLL T BYL0RRS ST

i nputting perfdrmance | forrrat i“on T T al Y Sof conetrol
i nf or mat i on- segEPRFatadanssienl Sorei Hgveéﬁrmwamﬁe@ mation for each of the

parts, and nusical tone yevahardm &agmh.»e geveRatd NG rg®@ans st @hi@$si gning the
I nput performan ec@f

rrlrrabe on [lo.at part. of the ch nne}as and for
generating 35 fusical “TOne® waverdrm sﬁﬁ%ﬁe% ?h?%u‘ﬁﬁjtlﬁé{’a °| Bagte 4 ¢
enable making the most of the limited processing
10 capacity of the musical tone—-generating apparatus.

To attain the first object, according to a third
aspect of the invention, there are provided a method of
generating musical tones, comprising a musical tone—
generating step of generating musical tones, based on

15 musical tone waveform samples, a performance
information-inputting step of inputting performance

 information, a control information-generating step of

generating control information, and a musical tone
waveform sample—generating step of carrying out a

20 musical tone-generating calculation based on waveform
data stored in a waveform memory beforehand, in
response to the input performance information, to
thereby generate musical tone waveform samples at a
time density corresponding to the generated control

25 information, the musical tone waveform sample- |
generating step carrying out the musical tone-
generating calculation by selectively usiné different
data of the waveform data stored in the waveform memory
according to the generated control information, the

30 musical tone-generating step generating musical tones,
based on the generated musical tone waveform samples
generated by the musical tone-generating calculation,
and an apparatus for generating musical tones,
comprising musical tone-generating means for generating

35 musical tones, based on musical tone waveform samples,




10 Septenber 2003 7 of the channels, in response to the input performance
i nformation, at a tine density correspondl ng to the set control

information for each of the parts corresponding to tH& Sarambepddtcor mance

i nformati on, the nusical tone 5 generating neans generating nusical tones,
based on the generated nusical tone waveform sanples. As a result, a part
having a larger listening effect can be generated with a high quality, to
t hereby enable making the nost of the |limted processing 10 capacity of

t he nusical tone-generating apparatus. To attain the first object,
according to a third aspect of the invention, there are provided a nethod
of generating nusical tones, conprising a nusical tone- generating step of
generating musical tones, based on 15 nusical tone waveform sanples, a
performance information-inputting step & inputting performance

i nformation, ap@QEéfﬂénéé‘HQfﬂBi-&danibﬁemﬂﬁ@éﬁﬂg; sﬁe%msofforgemﬁﬂtimﬂ control
i nformati on, and

wavef orm s erat
carryi ng out apﬁﬁgﬁﬁ’g?%%? JIIH% AIBEAER At Fﬁﬁtf:(gipgux}ef |onlBas§gn§%§@ml/ar\1/geform
dat a stored i nmaanaveborgenrerdripsbebotehantdnformatigsponseavetere i nput

performance inf@ppRLi 80 {riMEnekY raenesat £, Rl eilsilanecvayef orm sanpl es
at a tine density Ccorresponding to the enera%ed contr.ol 25 |nforrrat|on

t he musi cal toﬁévﬁ/gﬁ?ﬁ‘o??ﬁ‘%%ﬁnﬂeé‘er@@r’ré‘fga PARS st¥p B9 °8ht 2t he nusi cal
t one- gener ati mysdabtutahe-omemyradinge cetehyausomdoatidfd ememwevefiarm of the

wavef orm dat a_stedch ok hen VW AVIKIRIC hino 2 £ Ol kg stheogeRer at e

control information musi cal tone-gener at I né; st eJD %ener ating nmusi cal
t ones input performance informatioh, to eby gen

musical tone waveform samples at a time density
10 corresponding to the generated control information, the
musical tone waveform sample-generating means carrying
out the musical tone-generating calculation by
selectively using different data of the waveform data
stored in the waveform memory according to the
15 generated control information, the musical tone-
generating means generating musical tones, based on the
rgenerated musical tone waveform samples generated by
the musical tone-generating calculation.
As a result, im a channel for generating musical
20 tones at a high equivalent sampling frequency, waveform
data having frequency components over a broad band
(with a high recording sampling frequency) can be
processed, while in a channel for generating musical
tones at a low equivalent sampling frequency, waveform
25 data having frequency components over a narrow band
(with a low recording sampling frequency) can be
processed. This makes it unnecessary to change
designation of a waveform in the tone color data.
If waveform data to be selected is not changed
30 according to the time density of musical tone waveform
samples to be generated, aliasing noises can be
generated in generated musical tone waveform samples,
or a musical tone with a guality corresponding to the
time density cannot be generated for the following

35 reasons. The time density means a sampling frequency




based on the generated nusical tone waveform sanples generated by-the

nusi cal tone-generating calculation, and an apparatus for generating

nmusi cal tones, conprising nusical tone-generating nearl8 Segtempendddti ng 35
nmusi cal tones, based on nusical tone waveform sanples, 10 Septenber 2003 8
performance information-inputting neans for inputting performance
information, control information-generating neans for generating control
information, a waveform nenory for storing waveform data, and nusical tone
5 wavef orm sanpl e-generati ng neans for carrying out a nmnusica
tone-generating cal cul ati on based on waveform data stored in the waveform
menory, in response to the input performance information, to thereby
generate nusical tone waveform sanples at a tine density 10 correspondi ng
to the generated control information, theé nusical tone waveform

sanpl e- gener at eRgwhkansuesireali ngneowtive hermusingdle st ame- generat ¢y

cal cul ati on by ynSeheeli 48l ¥odiaid o }tﬁs&sgieg@tﬁngmeefw@ gbem data

stored in the vvave orm nenory accord g gener ate con ro
i nformation, tH& W§|E§?S?%@P%éfféﬁ§??ﬁ§ meRAFEOTFEAGr &Ci RB®nusi cal tones,

based on the gamelahedtidsieaw ﬂsyradwaéafﬁﬁﬁiéﬁmnﬁdné gererated by the

i t
Goner ati g miotanpiehodel M Bidkenty BohfSitdrs b 3 FhAGREhLY
wavef orm dat a He@di aEupleb@ierreyl nbélév%? %P%NR%%?W&&HE (with a high

recording Sarfp|§a|ﬂ@>lfih§qEﬁé@ﬂén@ﬁn(ﬂ&eJ.[?zl’a(fﬁésseéfeﬂ\ﬁid ad msavehannel for

generating nusical one quival ent sanp u wavef or m
25 data haV|ng'¥¥)queﬁg§ coﬁ%‘ﬁ%ﬁ %o§gf%hengf% ?#'¥¥51c Tedhe:
waveform.

10 When musical tones are generated by using

waveform data stored in a waveform memory, the stored
waveform data is converted into waveform samples having
a pitch of musical tones to be generated (hereinafter
referred to as "the pitch conversion")—at an equivalent

15 frequency, and musical tone waveforms are generated
based on waveform data after the pitch conversion. In

 this case, when the waveform data obtained by the pitch

conversion contains frequency components higher than
the upper limit frequency corresponding to the

20 equivalent frequency, the fregquency components are
mixed into the waveform data after the pitch conversion
as aliasing noises. On the other hand, if the waveform
data obtained after the pitch conversion contains only
frequency components much lower than the upper limit

25 frequency, e.g. frequency components 1/3 times of the
upper limit frequency, in spite of waveform generation
at a high equivalent sampling frequency, only musical
tones deveoid of high frequency band components are

generated, resulting in not so much an improvement in

30 the quality of generated musical tones.

In the third aspect, waveform data for
generating musical tones are prepared, which are
suitable for respective time densities for generating
musical tone waveform samples, and the waveform data

35

are selectively used depending on the time density



(wth a low recording sanpling frequency) can be processed. This nmakes it
unnecessary to change designation of a waveformin the tone color data. If
waveform data to be selected is not changed 30 accor dOriprtembendod3 ne
density of musical tone waveform sanples to be generated, aliasing noises
can be generated in generated nusical tone waveform sanples, or a nusica
tone with a quality corresponding to the tine density cannot be generated
for the follow ng 35 reasons. The tine density neans a sanpling frequency
10 Septenmber 2003 9 at which nusical tone waveform sanples are generated,
whi ch is designated an equival ent sanpling frequency, in the present
specification. According to the sanpling theorem reproduced nusical, tone
wavef orm 5 sanpl es can have frequency conponents in a frequency band equal
to or less than half of the recording safpling frequency (hereinafter
referred to aswhiibe isppequired tfofrr gquenaying ofudiw@lotiogenal nusi cal tone

waveform 10 Wen nusigaled ONESHAY ¢:1960e58 &g bYa usiad ngheyef or m dat a
stored in a maveforn1nennrg, the stored ,waveformdata i's converted into

wavef or m sanpl €9Ur4bi AP R dreofn¥ERF AP t UHEE 16 BEOYeHefat ed
(hereinafter mefekHedft gedsratiig pukibatotwres) ordnprdisiag eqAivatent 15
frequency, and iscal e ¥q¥ r s .ar r d form data
after '?he pi tchéyé?ﬁ\?/lgr g%% ° n q{qingﬁégisg?g%gnﬁé%gs V%\?% or%%g?%ﬁobt ai ned
by the pitch d¢obefororcedrriaits Misdgadntyrednporemedftgr@ingftan t he

upper limt freH@IGyigCoFegSPORE g sk@ohbes20refyi sderif foateentyg t he

frequency COWDQQQD% br%&efirst waveform data to waveform data sampled

at a sampling frequency different from the
10 predetermined sampling frequency, and storing the
waveform data sampled at the different sampling

frequency in the memory means as second waveform data,
and a musical tone waveform sample—-generating step of
generating musical tone waveform samples, based on the
15 first waveform data or the second waveform data stored
in the memory means, the musical tone waveform sample-
generating step being capable of generating the musical
tone waveform samples at a plurality of different time
densities, by selecting the first waveform data or the
20 second waveform data according to the different time
densities and generating the musical tone waveform data
based on the.selected first or second waveform data.
According to the fourth aspect, similarly to the
third aspect, aliasing noises can be eliminated.
25 Further, musical tone waveform samples can be generated
which sound as the same tone color while having been
generated at different time densities.

Preferably, the method according to the fourth
aspect includes a control information—-generating step
30 of generating control information, and the time

densities are selected according to the generated
control information.
To attain the second object, according to a
fifth aspect of the inventicn, there are provided a
35 method of generating musical tones, comprising a



mxed into the waveformdata after the pitch conversion as aliasing

noi ses. On the other hand, if the waveform data obtaiag% é%ﬁfr(hge pitch
conversion contains only frequency conponents nuch 1 d p f7 ¢ upper
limt 25 frequency, e.g. frequency conponents 1/3 times of the upper limt
frequency, in spite of waveform generation at a high equival ent sanpling
frequency, only nusical tones devoid of high frequency band conponents are
generated, resulting in not so much an inprovenent in 30 the quality of
generated nusical tones. In the third aspect, waveformdata for generating
nmusi cal tones are prepared, which are suitable for respective tine
densities for generating nusical tone waveform sanples, and the waveform
data 35 are selectively used depending on the tinme density 10 Sept enber
2003 5 10 which is required for generatifig nusical tones. To attain the
first object, 2e6E6e8nAHct OimforiRitibh-agpectind ddw iofvenpubninghere is
provided a nEthO%oORagggeig'éfl d?é%icé'sé?QSQioé“¥H¥3 %Eggoﬂ—firSt storing
step of storin&ﬁﬁw %enory means rirst waverorm data for generating nusica
tones at a predewattiingdsteamt iinputtdggenedeclAdbdef@rafsiPAg 3tep of
converting thenstienadebhé Shavemiidigindabaihe yeseiqar madayangaopted at a

sanpli 09, 11 equency i Lerenta L st N8110.RE 648" £ AR AR P! requency,
input performance information, for generating musical

tone waveforms, and a musical tone—generating step of

generating musical tones by selectively subjecting the’
generated musical tone waveforms to a plurality of

10 characteristic control processings according to the

input selection information, the characteristic control
processings having different processing contents and
calculationramounts from each other, and an apparatus
for generating musical tones, comprising performance

15 information—~inputting means for inputting performance
information, selection information-inputting means for
generating selection information, musical tone
waveform-calculating means for carrying out a musical
tone waveform calculation in response to the input

20 performance information, for generating musical tones,
and musical tone waveform-generating means for
generating musical tones by selectively subjecting the
generated musical tone waveforms to a plurality of
characteristic control processings according to the

25 input selection information, the characteristic control
processings having different processing contents and
calculation amounts from each other.

As a result, the contents of musical tone

control processings are changed or the amount of

30 processing is reduced by not carrying out a specific
musical tone control according to the purpose of
performance or the performance mode of musical tones to
be generated, thereby enabling increasing the number of
musical tones to be generated by the reduced amount of

35 processing or using the CPU power for another purpose.



35 waveform data sanpled at the different sanpling frequency in the nenory
means as second waveformdata, and a nusical tone mavgform

sanpl e-generating step of generating nusical tone wav #@PWF?EH%F@S, based
on the: first waveformdata or the second waveformdata stored in the
menory ‘nmeans, the nusical tone waveform sanpl e- generating step being
capabl e of generating the.nusical tone waveform sanples at a plurality of
different tine densities, by selecting the first waveform data or the
second.:waveform data according to the different tine densities and

gener ating the nusical tone waveformdata based on the selected first or
second-wavef orm data. According to the fourth aspect, simlarly to the
third aspect, aliasing noises can be elimnated. Further, nusical tone
wavef orm sanpl es can be generated which Bound as the sane tone color while
havi ng :been gener at eBlrafexidiyor ¢he tetbodenstduding Epetheabiﬁthi:he met hod

according to the EBHrEHcl@ﬁ? o dl%'lage&épcgfﬂc{logpﬂ A AEMBLT @Ns@ener ating

step of generatlng confr I nf or mati ensities are
sel ected accor dicAgSt Bntﬁ’éo‘g‘éﬁﬂé?fat%‘&cuééﬁf-?%lr?‘iﬁ’oﬁﬁ?atbiYoﬁheT’Bué%?%lrn t he
second object tateokdiragotn éaléuﬂathoasaﬁdtaoﬁuﬁﬁﬁr|dmvam@ueal tbese are

priovi dgd a_ metiad ategeRer aid N MACBhal ODESe s SRR o0 Sept ember

per f ormance I nf o |on-|nputt|ng S é;r I'ng  performance
i nformation, a sel ect M8Aei PFOFerRATIIN- tbﬁpﬁ?%@?@ﬁ%&éﬁ‘ ESpEPt thg sel ection

information, ainfdsineatlohOoner VRXEY BrieRet8Lhdiast Rl oharrying out a
characteristic control element used by the-
characteristic control processings to which the

10 generated musical tone waveforms are subjected, an
amount of calculation by the musical tone waveform
calculation required for generating a musical tone
waveform for one musical tone vérying according to the
addition or omission of the at leést,one characteristic

15 dontrol element.

The at least one characteristic control element
includes, for example, modula;ioﬂ!by means of an LFO
(Low Frequency Oscillator), inteiﬁblation, digital
filter processing, and reverberation processing.

20 " ' To attain the second object, according to a
sixth'asﬁect‘of the inveﬂtion, there are provided a
method of generatihg musical tones, comprising a
performance information-inputting stép of inputting
performance information, a limitation information-

25 inputting step of inputting limitation information, and
a musical tone waveform-generating step of carrying out
a musical tone waveform calculation in response to the
input performance information, for generating musical
tone waveforms, the musiéal tone waveform—generating

30 step generating musical tone waveforms by the musical
tone waveform calculation which has an amount of
calculation thereof limited in range by the limitation
information, and an apparatus for generating musical
tones, comprising performance information-inputting

35 means for inputting performance information, limitation




5 nusical tone waveform cal culation in response to the input perfornmance
information, for generating nusical tone waveforns, and a nusical
tone-generating step of generating nusical tones by §9ﬁ%@?ﬂ¢@f%xgubjectlng
the' generated nusical tone wavefornms to a plurality of 10 characteristic
control: processings according to the input selection information, the
charact'eristic control processings having different processing contents
and cal cul ation amobunts from each other, and an apparatus for generating
nmusi cal: tones, conprising performance 15 information-inputting neans for

i nputti:ng performance information, selection information-inputting neans
for generating selection information, nusical tone waveformcal culating
means fior carrying out a nusical tone waveformcalculation in response to
t he i nput 20 performance information, foridgenerating nusical tones, and

musi cal: tone \A@M@é@:ﬁmg&nqrreﬁtr&gnqeﬁegn§0f0r Qﬁﬂﬁrt%tlhgglﬂhlﬁt&@ioﬂ ones by

| écti vel bj ect th t | t | it
SRSt Ity {1:12 SRR S R N Il U R SR B TS

i nformation, theaphafacteigting oot roinus peakdsgiengevederng di fferent

pr ocessi ng cont.gnk§: #hthn CAl GURIInAR REDWAL Si{fAMRA%a AkhEE. AS a result,
the contents of nusical tone control ,processings are chgn ged or the anDunt

of 30 Processi AGFPEPEIRReEHy IHIETELLPYI RYSHTRT £ W58ei £PE mﬁﬁ%?%%] t one
cont rol accor dicpget vatdtopurqedsa laft i nge méan sragnere: it itnkye mpehitat neome node of

misi oal L ones LaveBb.AENSy Al nidichebL anahl ok i sashag e number of

musi cal tones to be enerat e e reduced anobunt f pI’OCeSSI ng or
using the CPU Y&weh Pos %awntplﬂfp@%cumts,%ﬂéfﬁﬁo 2ée§lte in

range by the limitation information.

10 ~ 'As a result, the amount of calculation is
limited, and musical tone waveform data generated by
the limited amount of calculation can be read and
reproduced in a stable manner without interruption. 1In
other words, even if the amount of calculation for

15 generating musical tones is chaﬁged on a real-time

_basis, a predetermined amount of CPU power is surely
preserved for other applications;and therefore the
other applications can be executed in a stable manner
in parallel with the operation of the software . tone

20 * generator. N

Preferably, the method according to the sixth
aspect includes a &isplay step of displaying on display
means an amount of calculation required by the musical
tone waveform calculation and a number of musical tones

25 generated by the musical tone waveform calculation.

To attain the second object, according to a
seventh aspect of the invention, there are provided a
method of generating musical tones, comprising a
performance information-inputting step of inputting

30 performance information, a calculation accuracy
information—inpﬁtting step of inputting calculation
accuracy information, and a musical tone waveform—
génerating step of carrying out a musical tcone waveform
calculation in response to the input performance

35 - information, for generating musical tone waveforms, the



12 Preferably, the nethod according to the fifth aspect includes a display

step of displaying on display neans an anount of cal i red by
the nusical tone waveform cal cul ati on. and a nunber QHﬁ%@%ﬁgﬁ ?ﬂﬁ

gener at;ed by the nusical tone waveform cal cul ation. Mre preferably, the
sel ectifon. information is information for adding or omtting at |east one
characteristic control elenent used by the- characteristic control
processings to which the 10 generated nusical tone waveforns are subjected,
an anpbunt of cal culation by the mnusical tone waveform cal cul ation

requi red for generating a nusical tone waveformfor one nusical tone
varying according to the addition or om ssion of the at |east one
charactieristic 15 control elenent. The at |east one characteristic control
el ement” 20 41 includes, for exanple, nodufation by neans of an LFO (Low
Frequency OCsci uatiea), toméequﬂﬂﬂxmegendrgtizg stfad toemeprbéegsi ng, and

reverberati on RRQAESS! Bne Ta Al bRCLRECARL ODI Qe BEGREGERD (O a

si xth aspect o I nvention, there are_provided a nmethod of generating
nusi cal tones, SGAYPPSLAD %Plﬁhahﬁérﬁﬁﬁ&élﬁﬁ+eﬁrﬁEQQﬁ?anﬁﬂﬁfﬁﬂﬁ step of
i nputting per&nﬁﬂgmGEednﬁprtﬁﬁ|nmputacb&aulati@m1a¢ﬁurmm@t|on 25 inputting

oD O MU ) LB Ofyd ORI 800208, 0erihf (UGSl ch one

waveforn}gener I Ng step Of carry a nus wave orm
calculatlon |r]qQ§ﬂ@@n§@mpgl§$ﬂg performance 1nformat10n inputting

means for 1nputt1ng performance information,
calculation accuracy information—inputting means for
inputting calculation accuracy information, and musical

10 tone waveform-calculating means for carrying out a
musical tone waveform calculation in response to the
input performance information, for -generating musical
tone waveforms, the musical toné waveform-calculating
means generating musical tone—Waveforms by the musical

15 tone waveform calculation which has calculation
accuracy thereof designated by the input calculation
accuracy information. i

As a result, the calculatlon accuracy can be set
according to the .degree of tone quality requlred for

20 . generated musical tones or the amount of calculation
available for processing;

The calculation accuracy information means, for
example, the equivalent sampling frequency (the number
of musical tone waveform samples to be generated per

25 unit time), and by degrading the accuracy of
- calculation, the amount of calculation can be reduced.

Preferably, the method according to the seventh
aspect includes a display step of displaying on display
means an amount of calculation required by the musical

30 tone waveform calculation and a number of musical tones
generated by the musical tone waveform calculation.

To attain the second object, according to an
eighth aspect of the invention, there is provided an
apparatus for generating musical tones, comprising

35 tone~generating information-storing means for storing




i nput performance information, for generating nusical tone waveforns, the
nmusi cal tone maveforn}generatlng step generating nusical tone maveforns by
the nusical tone waveform cal cul ation which has an an§uaPtestber €% ul at i on
thereof |imted in range by the limtation information, and an apparatus
for generating nusical tones, conprising performance information-inputting
means for-inputting performance information, limtation 10 Septenber 2003
13 information-inputting neans for inputting limtation information, and
nmusi cal tone waveformcal culating neans for carrying out a nusical tone
waveform cal culation in response to the input performance 5 information,
for generating nusical tones, the nusical tone waveformcal cul ati ng neans
generati'ng musical tone waveforns by.the nusical tone waveform cal cul ation
whi ch has an anount of calculation thereofslimted in range by the

limtation |nfQ&ﬁﬁ?@@ﬂerAanéﬁhﬁfdfﬁﬂﬁhbn,tH@sﬁ@@l”ﬁodg Wwadkegbkation is
limted, and nusi cal tone wavef %fm dat a generate i m.ted anount of
e

cal cul ati on car PEPEALTaRAENT S0 FTREFETANY @?%b?@ﬁé’rﬂ?efqa%eff%ﬂ?
interruption. Ibasegt bar ther dsoret aronef-geherahbunt irofometdwhat rod for 15

generating nusigll &@REInkSaChANGRMA AhnBekeBk- &ﬁé@bafﬁ%ﬂﬁ%s foPbpedet erm ned
anount of CPU power is sufel preserved faor other appllcatlons and

therefdre the SAHETLSH F&QP¥B?|% e Yh&agREC AP T PP R S Fanner i n
parall el wth tdeneperialg nfofm$MBxso&kmmmeltmnéorﬁﬁt;ﬁnﬁgaﬂematlng

Preferably, the, RN fg,@pagaegné %dfE Al hio2RREES | I RS R diespl ay
step of displaying on

a current value of the maximum number of musical tones
to be generated simultaneously by the musical tone.

10 waveform~generating means, performance information-
inputting means for inputting performance information,
and control means for converting the input performance
information to the tone-generating information
according to the generated control information and

15 writing the tone-generating information according to

~ the generated control information into the tone-
generating information-storing means.
As a result, the maximum number of tone-
generating channels to be sounded simultaneously, which

20 is set by a user or automatically changed, can be
ronitored on a tone generator driver side, and
therefore the tone generator driver can suitably assign
tone generation to tone-generating channels of the tone
generator at any time, in response to input performance

25 information.

Further, according to the invention, to attain
the first and second objects, there are provided
machine-readable storage mediums storing instructions

to cause a machine to perform respective methods of

30 generating musical tones according to the first to
eighth aspects of the invention, which are set forth
hereinabove.

The above and other objects, features, and

advantages of the invention will be more apparent from

35 the following detailed description taken in conjunction



means an anount of cal culation required by the nusical tone waveform

cal cul ation and a nunber of nusical tones 25 generated by the nusical tone
wavef orm cal cul ation. To attain the second object,. actbbefitergbar@083 seventh
aspect of the invention, there are provided a nethod of generating nusical
tones, conprising a performance information-inputting step of inputting 30
performance information, a calculation accuracy information-inputting step
of inputting calculation accuracy in{ ormation, and a nusical tone waveform
generating step of carrying out a nus ®al tone waveform calcul ation in.

r esponse with theraccomparyimgedriwingance 35 informati on, for generating nusical
tone waveforns, the 10 Septenber 2003 !4 nusical tone waveform generating
step generating nusical tone wavefornms by the nusical tone waveform

cal cul ation wlcehalgso HkhUsBb A uROFLIAC vl ith Ble iFSHENAL Rl gNe | U

cal cul ati on accuracy 5 1 nfor an apparatus Tor generating nusical

tones, CQRREkfd udil IRESRAER sl XEQNEPSH LBorhplRdH tdfidisingBans for inputting
perfor mance i nformati on, cal cul at1 on accuracy I nfornmation-1nputting neans

for inputting fRelrsdehitly stsp el petBitneRinfddmatignd nmusi cal 10 tone
wavef orm cal cul ati ng means for carrying out a nmnusical tone waveform

cal cul ati on i a seespbesavitgstefof retahing segpetiboinfemneson: Nf or mat i on,

for-generating nusical tone waveforns, the nusical tone

wav ef or macgenewting step of cargitg @ aensicahignerwavaiain tacubtioavefeopirse iy saitie

nmusi cal 15 tone waveform cal cul ati on whi ch has cal cul ati on accuracy

t her eof deesivgd aedermayce infermatjpnt forggnetdting asaauence of aplyral mindyemaf mosical
tone waveform samples, and selectively subjecting said generated sequence of plural
number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said plurality of characteristic control
processings being different in at least one of processings contents and calcutation amount
from each other, and storing said generated sequence of the pIu-raI number of musical tone
waveform samples selectively subjected to said plurality of characteristic control
processings in @ memory, a manner of the musical tone waveform calculation being
changed according to the characteristic control processing selected by said selection
information; and

a reproducing step of playing back said sequence of the plural number of musical

tone.waveform samples for generating musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency:.

According to tenth aspect of the present invention there is provided an apparatus

for generating musical tones, comprising:



As.a result, the calculation accuracy can be set 20 25 30 35 according to
the degree of tone quality required for generated nusical tones or the
amount of calculation available for processing. The dQSsptembesr0Ckcuracy
i nformati on neans, for exanple, the equival ent sanpling frequency (the
nunber of nusical tone waveform sanples to be generated per unit tine),
and by degrading the accuracy of calculation, the amount of cal culation
can be reduced. Preferably, the nethod ﬁﬁfording to the seventh aspect

i ncludes .a display step of displaying di splay means an anount of

i i i | . f | | i d b
col ol oLl on, & kbl BEcS, £ el B BRI, B B4 A2 Mo
att ai n_t%s&spgﬁgs%hs ondiﬂgCIBrrqPchalttBnéan VBl LA BRRE Gneftin B {pyenti on,
there is provided an pparatus for generating musical tones, conprising

t one- gengead i drideRE BBthpridBs HeQtdgagsneans for storing 10 Septenmber 2003 15
tone-generating i nformation, nusical tone waveform generating neans for

generating musifRstredeRitg sV t&elVing peladRfcOmidrgtiont or ed tone-generati ng
informati on, and for changing a maxi num nunber of nusical tones to be 5

gener at ed si malsean@iaesdivindgseor receililEsaidcabieifdrangon; generating i nformati on,
control information-generating neans for generating control information
i ndi cati ve of a genematingestep vbdangingfout A enusizxli tommrwavetirar cadulatiuis increbpdrneaes
to said received performance information received at said first receiving step, to generate a
sequence of a plural number of musical tone waveform samples; and selectively subjecting
said generated sequence of plural number of musical tone waveform samples to a
plurality of characteristic confrol processing according to said selection information, said
plurality of characteristic control processings being different in at least one of processing
contents and calculation amount from each other, and storing said generated sequence of
the plural number of musical tone waveform samples selectively subjected to said plurality
of characteristic control processings in a memory, a manner of the musical tone waveform
calculation being changed according to the characteristic contro! processing selected by
said selection information; and
a reproducing step of playing back said sequence of the plural number of musical
tone -waveform samples for generating, musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.

According to eleventh aspect of the present invention there is provided a method
of generatin'g musical tones which is executed on a computer, comprising:

a first receiving step of receiving a plurality of pieces of performance information,

for commanding to generate musical tones;




to be generated. sinmultaneously by the mnusical tone. 10 maveforn}generating
means, performance information- inputting neans for t|n ﬁ r mance
i nformati on, and control neans for converting the |np ?ﬁ@?%@ @
information to the tone-generating information according to t he generated
control information and 15 witing the tone-generating information
according to the generated control information into the tone- generating
i nformation-storing neans. As a result, the nmaxi num nunber of tone-
generating channels to be sounded sinuljgneously, which 20 is set by a
user or automatically changed, can be nonitored on a tone generator driver

side, and thear&kene rdcBRingONEp € RRERING  linfitatiore Infr@BticrUbéfmiNgYa Redr@tim tone
generation to tone-generating channels of the tone generator at any tine,

i N respoageuitoof PRisksPRy feapatrpCe thdScombuddrahich NcanFyé t éiffloysac epr@heg to the
I nvention, to attain the first and second objects, there are provided
machi ne- gesatafiinearst or age nedi uns storing instructions to cause a nachine
to performrespective nmethods of 30 generating nusical tones according to
the first to 33ep¢rgtndstespfaatryngbuttshpusical tneiwsrefonh caléuiatios faet plfrelity h

her ei nabove. The above and ot her objects, features, and advantages of the
i nvent i off ﬁh‘&lﬂnmﬁé’eiﬂSr?@Ua?ﬁS’aWb'ﬁlﬂ Sﬁ'ﬂd?ﬂﬁotwcﬁdmfpmfﬁ@ cgBmanietp geeee ption
taken in conj unctlon 10 Septenber 2003 16 with the acconpanyi ng draw ngs.
Accor di n§P"es TR Q%FF?t'QSHé’éFa[dP“%Wéveﬁ?f%é'hﬁa’ﬁi RYERN S shaelssing saupdedied a

h f
met hod C)whereln when said performance information commands to start generation of a new tone,

one new channel is added to said plurality of channels being sounded, and when tone
generation in one of said plurality of channels being sounded is finished, said one new
channel is removed from said plurality of channels being sounded;

said generating step generating said musical tone waveforms by said musical fone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.

According to twelfth aspect of the present invention there is provided a method of
generating musical tones which is executed on a computer, comprising:

a first receiving step of receiving a plurality of pieces of performance information,
for commanding to generate musical ;

a second receiving step of receiving limitation information defining a maximum
amount of processing capacity of the computer which can be employed for tone

generation;



generating nusical tones which is executed on a conputer, conprising: a
first receiving step of receiving performance information; a second
receiving step of receiving selection information; a gihSepernbey288%p of
carrying out a nusical tone waveformcalculation in response to said

recei ved performance information, for generating a sequence of a plural
nunber of nusical tone waveform sanples, and sel ectively subjecting said
generated sequence of plural nunber gf mnusical tone waveform sanples to a
plurality of characteristic control %Focessings according to said

Ity _ e control  BFoces ceol sai ¢
o ocesstngs b Sy 8PER{eHEEul dthupeq s B Bakn8 Rt bty ana
CheC ol ar o BndiRYeind LOMERGMGR AR ooBifladl hloiBR SufHERAL 8 BEhaig1enCe Of

the plura nmusi cal tone orm sanpl es sel ectiveFy subj ected

to said phidsaol tgﬁn%ti@%lf R riecws&lé‘f’&rﬁ%itni 8@ fi %iié@%? éhQnr?ecljéT%gR y, a

manner of the musical tone waveform cal cu on changed according to

the char aglRieldSivhére®OHeh FaiddFPRARSICBINTERA6H eSmPUndRodtF LY & etdtion of a
i nformation; and a reproducing step of playing back said sequence of the

pl ural nueledbngfondUsive Bhannkiol eadday & it phashy of clhanheld BemigadduRg@ednant cal
tones by sequentially reading said sequence of the plural nunber of

nmusi cal twhes tevevgdnerativs anprieest daidoplurably @f oeanbel teingasoupdeads firismaaneaidsanpl i ng
frequency, said generating step being executed with a repetition period
| onger t l9ad newshamel ie sgroowgd frgmt saidsplirdlitp pedeneeisbeisgisemded, i ng frequency.
According to tenth aspect of the present invention there is provided an
apparatus f oradeseatnthemusesating saiderusicablepe Wevelgrmsiy sgigipniesidabion@003 16a
a conputer for executing a nusical tone generatin%_p(ocess and outputting
nusi cal tAGMER 6FIFERleANIGRdaE 8N RISHRLAT cRlpHaliopdhesed imitedisyshdRat anher ei n sai d
tone generatin ocess, .C ris th teps of: a first receiving step of
recei vi n&'aﬁ‘@?%ﬂﬁﬁh%reo iSﬂchPﬁE%H Bf(r?ﬁ%a“ ?§§%B£8°‘+”88‘éfqyi“ﬁ‘§hss?@d“‘dﬁ'call@ &i vi ng
sel ection i [ i.on: .a _generating.step of carryin ut._a mnusical tone
wavef or m'c. 5%&? g?‘ fg‘g%’qnn's P%E!%‘g ﬁgtels hﬁgecss Y ?fc?r&%?ev‘é'h’ @Sﬁl'f"gf’wde@”‘i‘%'f’ar mat i on
recei ved 9linh1°’cﬁt'in§ Jaﬁorrﬁhsiéa??o%;g%ﬂgfo%%@culgf?o P?Jn?é &t Shid ;ﬁ&%h&g%?&na[% olf p| ur al
nunber of “rmusical tone waveform sanples, and sel'ectively subjecting said
gener at e@eHg G vienR! tHiaPhmOHTREProllssMdTap&lity LPRR HRBEEPHILR A RLES o a

by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information; and

a step of terminating waveform calculation when a limitation amount indicated by

the limit information is reached.

According to thirteenth aspect of the present invention there is provided an
apparatus for generating musical tones, comprising:

a computer for receiving a plurality of pieces of performance information for
generation of musical tones and limitation information, and carrying out a musical tone
waveform calculation for a plurality of channels being sounded_which said performance
information commands to génerate tones, for generating musical tones in said plurality of
channels being sounded, wherein when said performance information commands to start

generation of a new tone one new channel is added to said plurality of channels being



plurality of characteristic control pr.ocessing according to said selection
information, said plurality of characteristic control processings being
different in at |east one of processing contents and @gﬁﬂﬂ?ﬁPﬂéﬁ 03 mount
from each other, and storing said generated sequence of the plural nunber
of nusical tone waveform sanples selectively subjected to said plurality
of characteristic control processings in a nenory, a manner of the nusical
tone waveform cal cul ati on bei ng changed according to the characteristic
control processing selected by said,gglection information; and a
reproduci ng step of playing back saia sequence of the plural nunber of

nusi cal  sh@nRANaHEIIbaE g eRsich M ofehedRl blUﬁllWW%h&fﬁElstH&W@%ogﬂded is
sequentially reading said sequence of the plufal nunber nmusi cal tone

wavef or masAg, 85id bh® ARG BhshnBRERIMbVad frém sBKIGHEAIRF i dRBshekBENd ddanddagequency,
said generating step being executed with a repetition period |onger than

one corr espondaidgotnputtAgehepitiad etueical torslwadsiprhisiy saldafudt oneAvefotthng t 0

el eventh aspect of the present invention there is provided a nethod of
gener at i mglcnfagoncehich drae sannvamointi o eloatativre dhezeofdinttedpauck rthatca mpndrsumg:  a
first receiving step of receiving a plurality of pieces of performance

i nf or mat ingmper dfsridaturatingi shgneals being peundedrias inbich sasimausical nSeyavelotier 2003
16b a second receiving step of receiving limtation information defining a
maxi mum &ASWATONGS cyFiet ey ds lingjted dpageprdanest W*ﬂw‘ée&@ﬁﬁ@ﬂéﬁfoﬁiﬁﬁt'@m\bb@hlbﬁ'ég enpl oyed
for tone eneration; and a generating step of carrying out a nu5|cal t one
wavef or mS8H| BUFiER! | tB’FF gretgmpcalcdpliany for gomen g At Piwalith ¢f SHaME PRAg ch sai d

e arp T, A T ot Lo el 00 B ™
d f f

one nﬁarcﬁfgﬁg%%@%ed&%%%n” AP i bR B SR el oo "ane

P o nexoekal fethh@uh Brdlfk dfinelybal 1 .¢ﬁmfo%atﬂganne' s being sounded is

finished, said one new annel 1s’reno romsaid plurality of channels
bei ng sounded; said generating step generating said nusical tone waveforns
by said nusical tone waveform cal culation which has an anount of

cal cul ation t heegahg td BLARGHSapRctdR He @eseﬂmuémh HERDR préidedd defpbyr al ity
of channel s bei ng sounded for which said nusical tone waveform cal cul ation
i's carri eflgonbratiry hiditdl @shes WhdhGe 4t U & Rofbetel, idaipatihgn | nformati on
a first receiving step of receiving performance information which designates a pitch
of each of the musical fones to be generated
a second receiving step of receiving calculation resolution information relating to a
sampling frequency at which musical tone waveform samples are generated; and
a generating step of carrying out a musical tone waveform calculation in response
to said performance information for generating a sequence of musical tone waveform
samples which have the pitch designated by said performance information;
said generating step generating said musical tone waveform samples by said
musical tone waveform calculation which has calculation resolution thereof designated by

said calculation resoifution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.




by inhibiting said nusical tone waveformcal culation for sone of said
plurality of channels being sounded when a total anou of 0 i ng
capacity of the conmputer which is used by said nusi cam?%‘f}l%'%\%&(éﬁ rm
calculation for said plurality of channels being sounded exceeds the

maxi mum anount defined by said Iimtation information. According to twelfth
aspect of the present invention there is provided a nmethod of generating
nmusi cal tones which is executed on a conputer, conprising: a first
receiving step of receiving a pluralitysgf pieces of performance
information, for conmmanding to generate nusical ; a second receiving step
of receiving lacearting | onfitddh@r BBjecO df ded ipRédadt dveRIINTHEe 3 PdVidedl an
processi ng capacity of the conputer which can be enployed for tone

gener at i @pparafis fe gbedrbigry rAGX3 thAss, comp@itey ati ng step of carrying out a

nmusi cal tone waveform cal culation for a plurality of channels being sounded
whi ch sai d perfoompatec or rackigingperfamaconintindstionavidehizsighates b pitersoffeach
generating of nusical tone waveforns in said plurality of channels being
sounded, owtherrausicalinngs $abe gpegrated rrad calcuipfian resolution iptormativdsrelating toaa t
generation of a new tone, one new channel is added to said plurality of
channel s SBBPIHY feeguensy @t whial mugisalioneomevefpsn sprples grg eensrrieb forsxpettip ural i ty
of channel s heing sounded is finished, said one new channel is renoved
fromsai & %Fﬂ?aélt‘?ﬁeyg%ﬁer%'ﬂ%uﬁ’ﬁ%ﬂ%s Bed QytruEnn dugicakiones gespanding tas sag
generatin sa“j musi c]al tone wavgf orms.(gy( sai d musi cal tone waveEorm

cal cul at MBI “@hi°0R WRYEOUR SBABISRt VBFreatad, MU Hneratiag P59°eFs SPREPSS B that a
maxi num pber of said plurality of channels being sounded for which said
musi cal tone “waveformcal culation is carried out is limted in accordance
with the lim ' o j b bt ' ' -t vef orm
cal cul ation ftgféag:g%%ﬁd;%té’égf% ”gﬁﬁPg?l? wjgfg?x térlr]]é;ﬂ?\e srﬁi1 ﬁa@!ﬁ%g‘gg’u@ eg\ggmen a

total amiabiaQerBiiRs ShiblhdigRas behePink NP SRR Bf millibaiiohS WiaElm by sald
musi cal tone waveformcalculation for said plurality of channels being

sounded s@mpleewﬁichhevdmébmhme@@mea bfl€diti PeForP¥n&Ah@rhatidht at i on i nformation;
and a step of term nating waveform cal cul ati on when a limtation anount

indi cated by stiiealculating étap gemadtingmiisical &me VelefoAd Gangied Gytsaid miditgent h

aspect of the present invention there is provided an apparatus for

gener at i tapenuavedaim tabouion odiinhr hasi cadeulation resolution thereof designated by said
calculation resolution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.

According to sixteenth aspect of the present invention there is provided a machine-
readable medium storing instructions to cause a computer to perform a method of
generating musical tones which comprises:

a performance information-receiving step of receiving control information;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information wherein each sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and the number of said waveform samples generated during said

predetermined time period for each sequence is controlied by said control information, and



a conputer for receiving a plurality of pieces of performance information
for generation of nusical tones and Iimtation information, and carrying
out a nusical tone waveformcalculation for a pluralil®yPeptentea?ds s bei ng
sounded which said performance information conmands to generate tones, for
generating mnmusical tones in said plurality of channels being sounded,
wherei n when said performance informati on commands to start generation of
a new tone one new channel is added tg said plurality of channels being 10
Sept ember 2003 16d sounded, and when®f one generation in one of said
plurality of channel s being sounded is finished, said one new channel is
removed from £aiCAr9SHEIPIS etpyOfZ?lanﬂ%g’ﬁ@T §a'8e§%der§’8uﬂf3@ﬂ?'°§atf’ﬁe atrer
generat i ngﬂﬂém%i cal tone waveforns by said nusical tone waveform

cal cul ation"whi ch has an anount of cal culation thereof |imted such that a
maxi mum nunber of said plurality of channels being sounded for which said
musi cal tone waveform calculation is carried out is limted in accordance
with the lim ' it f ' § RBighi 1] Sal ' : vef orm
cal cul ation fg?&dsfgi?r% tgfsgg%%éng?gggﬁcg ?) § ﬂjgéf btﬁgﬁn@ﬁﬂgﬂyﬁﬁgﬁo%%gwﬁhen a
total aniishin@tedlbBIE REFAdOMEARAGdring Ghstiubfons WTBAISRIa Y siflerits pdg&fh By said
musi cal tone waveform cal cul ation for said plurality of channels being
sounded netweed geridigting@xsitdNfoRSEMIIE étdiprised by said limtation information.
According to fourteenth aspect of the present invention there is provided a
met hod of generativing stepsoic@ceivinges plakalihof pieesseoUp@tbromnee tHorpiskien
conprising: a first receiving step of receiving performnce information

whi ch desomesyioeding rpspaddivelpfto eaphuraity thenusical dalrutrenepatt Witergiansgidt ed a
second receiving step of receiving calculation resolution information

rel at i ngreaeived peaophantg ihfoeqatomcyesidnatds € pitchusi eadh éfdhe mvaial ones anpl es
are generated; and a generating step of carrying out a nusical tone

wavef or mbe gkepenatedi on i n response to said performance information for
generating a sequence of nusical tone waveform sanples which have the

pi t ch desi gnakegknbsatis@isteppet Jemerating sequehoearat mosicalstanel wgesfemaamplest ep
generating said nusical tone waveform sanples by said nusical tone

wavef or nFerEgspanding rsaighilenlith akpastormoaricatrags duinocd predeiarmingst tirod pefesiignat ed by
said calcul ation resol ution information, wherein the nunber of said nusical
t one wavESBPHE ¥affH cRerigEPaNgRi ipformalion; svhetsit sald| sqnupRces apfdmesibauioBe i on
resolution information. 10 ?ﬁgtenber 2003

waveform samples generate ve pilches designated by said performance information,
and a time density of said sequences of musical tone waveform samples for each of said
performance parts to which each of said pieces of said received pen‘ormance‘ information
corresponds is independent of the time density of said sequences of musical tone
waveform samples for the other performance parts as well as of the pitch of each of the
musical tones to be generated; and

a reproducing step of playing back said sequences of musical tone samples.

According to eighteenth aspect of the present invention there is provided a
machine-readable storage medium storing instructions to cause a computer to perform a
method of generating musical tones which comprises:

a performance information-receiving step of receiving performance information

which designates a pitch of each of the musical tones to be generated;

a control information-receiving step of receiving control information;




16e According to fifteenth aspect of the present invention there is

provi ded an apparatus for generating nusical tones risin a conputer
for receiving performance information which deS|gnate§m% % Ffi%each  of
the nusical tones to be generated and cal cul ation resolutlon i nformation
relating to a sanpling frequency at which nusical tone waveform sanples
are generated, for executing a nusical tone generating process and

out putting rnusical tones correspondlng to said nusical tone waveform
sanpl es, wherein said tone generatind %rocess conprises the steps of. a

calculating step of carr out . a al tone wavefqorm.cal culation in
response '? 0 §aYB"E’i"e&5F‘f quﬁgﬁggnereﬁrgr F?l gﬁafqug FEhér @F?‘ng]tanes%‘?fﬁ@ﬁ'ﬂ% of

| h.h h h d
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wavef or mysanpy Eérfcmﬁaﬁcaé m&w' to RS, “ggr%fré%éna &%ES%CQ SR Gk ci bas

cal cul ation resolution thereo deS|gna y sal I'on resol ution

i nf or mat 'V\%Oefowgérﬁbl@s[ e HAThEL pith oseepﬁatay%y Gai ge%'r?na\f’@é/ ﬁn{f&morﬁ app!l es per

unit time is controlled by said cal cul"ation’res tion infornmation.

Accor di n@irfeQehiityice@Bddondif® RFdaidPdontrbBnBinediBRtanknvent i on there is provided a
machi ne- readable nedium storing instructions to cause a conputer to

perform a nmet hokpaiduciGe BRIPALH Piying PacilsaldonRBenddl 61 muSIBRIN foh® Svavaform
performance information-receiving step of receiving control information; a

wavef or mssapiph;e- generati ng step of generating a sequence of nusical tone
wavef orm sanples for each of a plurality of channels during a predeterm ned
time period i saidmeypions samplegendrating efep edrrpng bob seich owsicaiftonergenemtingher ei n
each sequence of nusical tone waveform sanpl es generated has the pitch
desi gnat &dlcygtionafodore ef waveititeby selpdivaiitusing, difierant data wf saidrdadd ins agid

wavef orm sanpl es generated during said predetermned tinme period for each
sequencem%‘%?ﬂ@ﬁ'ﬂgéaswCQ@[‘& ”E%W?PQH information, and 10 Septenber 2003

16f a reprod CI ng step .of ck said sequence of nusical tone
wavef orm  sampFERINA LR Jight @Sgg%e%ttﬁﬁn?rﬁs% REptioy ther 'i‘npé@’éjr?fj fnvention

there is chi ne-rea [ medl um st or.i structl ons
to causeﬂ%cggﬁfﬁj 86& tsg‘%a e rTnSc? H['n (?orlng ing ructlong%o cause a computerrig pelq

method of generating musical tones which comprises:

a first storing step of storing in memory a sequence of first waveform data sampled
at a predetermined sampling frequency;

a second storing step of converting said sequence of first waveform data to a
sequence of second waveform data sampled at a sampling frequency different from said
predetermined sampling frequency and having an identical waveshape with that of said
sequence of first waveform data, and storing said sequence of said second waveform data
in memory;

a performance information-receiving step of receiving performance information
which designates a pitch of the musical tones to be generated;

a control information-.receiving step of receiving control information;

a wéveform sample-generating step of generating musical tone waveform samples
based on said sequence of first waveform data or said sequence of second waveform data

stored in memory: and



met hod of generating mnusical tones which conprises: a receiving step of
receiving a plurality of pieces of performance infornqbion 8_&)oréﬁasponding
respectively to a plurality of nusical instrunment part's, @i d
recei ved performance information designates a pitch of each of the nusica
tones to be generated; a generating step of generating sequences of

nusi cal tone waveform sanples corresponding to said plurality of
performance parts during a predeterni%Ed time period in response to said
performance information, wherein sai d equences of nusical tone waveform

I e pi.tch desi db id f ' i on,
and ot i e dorms PSR B SE HoRRE 48R 3 B R B oEyeREs M es for
each of ahflies BEFLALUBICARALLS ik G SRR o, Sai d pi eces of sai d

recei ved pe mance i htormation "C pondsS "1's’ i ndependent of the tine

density of s aisgidsﬁﬂéé?d?ﬁle?anﬁgle—mrﬁﬁ\b 4Qh ﬁe%éf/o‘@}ggf %%ﬁgﬂ ffe Wvelofly Ot her

performance parts as well as of the pitc C nmusi cal tones to

be gener ahrgies atficha haRP tHedbitchNdbsin8Rd Hy BAidWeRSmbReX isaithiss dengms of
nmusi cal tone sanples. According to eighteenth aspect of the present

i nvent i onieh$igr @rieSpgrkitgi 1deshich contRe iHidrhatieadabigEorid oF 89 sageHnda o$tipdti Ng
instructions to cause a conputer to performa nethod of generating nusical
t ones whivelefounplatasast szid peqdencemn cecdndf eavestolrn atatas acirding\@ sii€ Rosifol
receiving performance information which designates a pitch of each of the
nmusi cal tferewtieny be generated; a control information-receiving step of
recei ving control information; 10 Septenber 2003 16g a waveform

sanpl e-generating step of carrying out a nusical tone-generating
calculation to forma waveform based on data stored in a nmenory beforehand,
in response tGCUENg 9eieBiiot nepertn P thfatrasant inyentipar hisle dremerviged a
sequence of npusical tone waveform sanples, which has the pitch designated
by sai d FANBEFERRPS HLAosa0edyM staring INStuRongde SRYSE TerRUEYAGEHE™ 0 sai d
control information; and a reproducing step of playing back said sequence
of nusical toRdN¢iA0ePbysneratingiresical toney WR&B@PB}PHF%WHB%H@@ slep Al step
carrying out said nusical tone-generating calculation to forma waveform

by sel ectP&NY RFEPHFTEP fYUMEIR™ dat a of said data in said

a second storing step of receiving selection information;

a generating step of carrying out a musical fone waveform calculation in response
to said received performance information, for generating a sequence of piural number of
musical tone waveform samples, and selectively subjecting said generated éequence of
plural number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said characteristic control processings
being different in at least one of processing contents and calculation amount from each
other, and storing said generated sequence of the plural number of musical tone waveform
samples selectively subjected to said plurality of characteristic control processings in a
memory, a manner of the musical tone waveform calculation being changed according to
the characteristic control processing selected by said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating musical fones, by sequentially reading said

sequence of the plural number of musical tone waveform samples from said memory at a




menory according to said control information. According to nineteenth
aspect of the present invention there is provided a machi ne-readabl e
storage nedium storing instructions to cause a conput dp SteBteH&ef%Q% a

met hod of generating nusical tones which conprises: a first storing step of
storing in menory a sequence of first waveformdata sanpled at a
predeterm ned sanpling frequency; a second storing step of converting said
sequence of first waveformdata to a ,sequence of second waveform data
sanpl ed at a sanpling frequency diffetPint from said predet er mi ned sanpling

f | ' ' . ith th f id . f
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be generated; a control information-receiving step of receiving control
i nformati on; a waveform sanpl e-generating step of generating nusical tone

wavef or m sanplmsordipg s dwentySindt CaspBEIUSNER Bresdrit lifent@Y &fcpé M ¢RdvideRr asai d
sequence of second waveform data stored in nmenory: and 10 Septenber 20 03

16h a r epachilectagbetst@agd mpliayi sigringdedtrus@®ing 6 eQuERNE Corfbuterts ipeAbmt gne
wavef orm sanpl es generated by said wavef orm sanpl e-generating step, said
wav ef or mrestingsl &-ggeeTetirgtmusirabioegs gkckecabprisgs:sai d nmusi cal tone waveform
sanpl es which have the pitch designated by said performance infornation at
a time densi @yfirelgeesiygnm aldp of raceivingiadpigmaiity rob pieces of peafoiroancelisfomeptione of
sai d sequence of first waveformdata and said sequence of second waveform
dat a accd?'densrating Busiepl tBR%r ol i nformation. According to twentieth aspect
of the present invention there is provided a nachine-readabl e storage
medi um st ori ng $9FOPY (RIEIVEGSSIER) oF srsiving Heyiaien Eormgtioe defiing a madmgl of
generating musi.cal tones which conprises a first receiving step of
recei vi né’gr_ﬁ’gp cgtpwﬁ%%nq Wﬁ?'@ﬁ?f%ﬁ%ﬁ‘@@%‘ﬁ C@’t'ﬁﬁ?’?@%@f’eﬂ“’gf recei ving
j\gl/;?;'r %”C;:‘L%Irddé%%ﬁﬁq 8 g@%gr&@ébﬂtga F6 8 Une SAVESHT GaiQitktiod roMS il t ONe

of channels being sounded which said performance information commands

to generate tones, for generating musical tone waveforms in said plurality of channels
being sounded, wherein when said performance information commands to start generation
of a new tone, one new channel is added to said plurality of channels being sounded and
when tone generation in one of said plurality of channels being sounded is finished, said
one new channel is removed from said plurality of channels being sounded:

said generating step generating said musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.



to said received performance information, for generating a sequence of

pl ural nunber of mnusical tone waveform sanples, and sel ectively subjecting
sai d generated sequence of plural nunber of nusical t/8ReriREbEf sanpl es
to a plurality of characteristic control processings according to said
selection information, said characteristic control processings being
different in at | east one of processing contents and cal cul ati on anount
fromeach other, and storing said geggrated sequence of the plural nunber
of nusical tone waveform sanples sel &tively subjected to said plurality
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sequentially reading said sequence o e plural nunber of nusical tone

wavef or m sanplaagstlréitimaitdh SFRERIVINAlerBrdhcSaRbREEeH wiiBiP desldHateshty GidRt er ni ned
sanpling frequency, said generating step being executed with a repetition

peri od | @hgsadh df liRmadiel ©Aks @HeqReenagd 0 sai d predeterm ned sanpling
frequency. According to twenty-first aspect of the present invention there
i s provided aa seachl reeciviegdiap loé reztiving gelcuieitnussddtoniinformatish ralthgons t o
cause a conputer to performa nmethod of generating nusical tones which
conpr i sesamgalirg fresiuenay @éwhich qusicalgorsf wavefwinsamglea apd ganatatedyand pi eces of
performance information for generating nusical tones; a second receiving
step of recei ?id¢jelating sigp cbeariyimbcuba musisadiens wavejorm erlgdlafiomin mepanse of
processing capacity of the conputer which can be enpl oyed; and a generating
step of dasAiRRgoBlANcE IRfRETRtian felbpeneailngr d epaueare of Atusisal fose vavgiofiPal ity
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step generating said nusical tone waveforns by said nusical tone waveform

cal cul at isgfph beuritaiteas csHIfIY bydaiCaItiHtian FRBIulidtehRAhatlonm ted such that a

According to twenty-third aspect of the present invention there is provided a
method of generating musical tones which is executed on a computer, comprising:

a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical fones to be generated;

a display step of displaying on a display at least one of (i) a maximum value of a
ratio of capacity of said computer to be spared for generation of the musical tones to whole
capacity thereof, (ii) a current value of the ratio of the capacity of said computer spared for
generation of the musical tones to the whole capacity thereof, (iii) a sampling frequency at
which musical tone waveform samples are generated, (iv) an effect currently imparted to
the musical tones to be generated, (v) a current value of a number of tone-generating
channels to be sounded simultaneously, and (vi) a maximum value of the number of tone-

generating channels to be sounded simultaneously;



maxi mum nunber of said plurality of channels being sounded for which said
musi cal tone waveformcalculation is carried out is limted in accordance
with the limtation information by inhibiting said nu¥]2enternkai@0d@vef or m
calculation for sonme of said plurality of channels being sounded when a
total anmount of processing capacity of the conputer which is used by said
musi cal tone waveform cal cul ation for said plurality of channels being
sounded exceeds the nmaxi num anount defined by said limtation informtion.
10 Septenber 2003 16]j According to ﬂﬁ%nty-second aspect of the present

i nvention there i sf rovi ded a matchi Qe-rgadabl e nmedi um stori ng. conmands for
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information relating to a 'sanpling frequency a sical tone

vavef or MGRIMMa0SoRt SaBpRE" giffate@NthsatHge Bﬁ‘d’hatdieé]@woaﬁéc? f?)gogai& afdribhiishcguUt a

nmusi cal tone waveform cal cul ation in response sai d performance

i nf or mat iiornfza6n,@@aer ati ng a sequence of nusical tone waveform sanples

whi ¢ch have the pitch designated by said performance information; said
generating st eprepeniaciag sty sBpEyiNY Yacklsaldoseyuarsce bp ritsalnohe Swdvkfosai d

nmusi cal tone waveform cal cul ati on which has cal cul ati on resol uti on thereof
desi gnat edmblgs gsrerated &y sail abveforn ssallerbérenatingfstapmat i on, wherei n t he nunber
of said nusical tone waveform sanples per unit tine is controlled by said
calculation resolution informati on. According to twenty-third aspect of the
present invention there is provided a nethod of generating nusical tones
which is execdceddipn ta twemrfruEh aspeekpefi toe Mjeseat puentipnnhaieis provided a
informatio -re(%ei ving step of receiving performance information which

desi gnat &ehpdAt geperafnadaiigirabioneswhich i§ieXatutedHa craPule. ¢RmRSIERged: a di spl ay
step of displaying on a d¥s%la at.Leaséaon of.%i) a naxinun;value of a
ratio of capadi PY OIeEi §*% ﬁtt%‘frgfe"f"&g 5P Paregaving r PEITRMRANSE | 1BIRMaAtiop he

nmusi cal ; 2 C i t : i) a current value of the ratio
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tones to the \Q{‘H?s!p y%?e?)acﬁidfs IaginiE)ﬁQfdis {a&'gt %8& o??\rt}ﬂa;%g:u#lggglﬁggh ?étif)l ;’l\’hi ch

musi cal tone wavetorm sanple re gene e curren

| npar t ed of GapakififofBaRi oflpute BESred BrRnEBRGT FURImubival bhes4b WhBle Mphdt§ Of a
nunber of tone-generating
thereof and (b} a current value of a number of tone-generating channels to be sounded
simultaneously, and simultaneously displaying on the display at least one of (¢) a
maximum value of the ratio of the capacity of said computer to be spared for generation of
the musical tones to the whole capacity thereof, (d) a sampling frequency at which musical
tone waveform samples are generated, () an effect currently imparted to the musical
tones to be generated, and (f) a maximum value of the number of tone-generating
channels to be scunded simultaneously;
a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical

tone waveform samples generated has the pitch designated by said performance

information; and



channel s to be sounded sinultaneously, and (vi) a maxi num val ue of the
nunber of tone- generating channels to be sounded sinmultaneously; 10

Sept enber 2003 16k a waveform sanpl e-generating st ep 18fSegtenbeniddy a
sequence of nusical tone waveform sanples for each of a plurality of
channel s during a predetermned tine period in response to said received
performance i nformati on, wherein said sequence of nusical tone waveform
sanpl es generated has the pitch designated by said performance

i nformation, and a reproduci ng step oﬂﬂplaying back said sequence of

ical t f . I . d. id f | e: ti
St ap, - Accor di g SPBXBATSET 8t PENTASIEk oobt e BCANE ST PRR (T Ror o | S
i ded ' cal t whi ch i t ed
Comput or B ERAc el o ST Bl Bt BB el ving ot ep of T ecei vi ng

performance informati on which designates a pitch of each of the nusi cal
tones to be generated; a display step of displaying on a display at | east

one of (&) a GuEh@MG toWNeHE-ith a8pddbl tRe pReMAMRAIdVINGE iSHH spar ed
for generation of tEe rrljesiﬁ'cal t%nes t%pwh?)l e caf)acityI iﬁﬁg?g%ﬁﬁa(b) a

current \saberferating nuRiealeResOlhiéois @xgRIRRIadtd singul iealphisihg@ be sounded
si mul t aneousl y, and sinultaneously displaying on the display at | east one

of (c) a nmaxiarpeformbnee oforinbfion-@béivingfstdphef eaphitgt ¥ Miragpiol maugpudfer to be
spared for generation of the nusical tones to the whole capacity thereof,
(d) a sameffommnte @rereaton avrresipoodingrespedtively tto meplwailite f o maskahpistemente
generated, (e) an effect currently inparted to the nusical tones to be
gener at edartanuherein saidngséivadnpsriormenasf information rdssignaes aaiteh gé rachbi ihg
channel s to_be sounded sinul taneously; a waveform sanpl e-generating step of
gener at i MepsicakienRilade geReratedi cal tone wavef orm sanpl es for each of a
plurality of channe|ls _during a predetermned tinme period_ in response to
sai d recei ved 3p&VEH MERTEIANTEEFIRY SR, O\WREP UG asRIN@ItY &f RiRree Brcoptidi cal
t one wavef.or m.sanpl es nerateﬁ has tge i cg,desi nat ed aid
per f or maAdg™ t'?\'? g&f’?&f’? 9 TETREC Yf“"%@ﬁf" rﬂ%g?['tt’Z d'f‘:"'si‘?@gmgt&’”? ¥?J%chi ng step of
playi ng back S@én@ra%ﬁ&&%g%?g&feramﬁa 'aCs%Huetn%Q%f %giggl%n@waveform samples in at

least part of a plurality of channels in response to said performance infbrmation, wherein

said sequence of musical tone waveform samples generated has the pitch designated by

said performance information, and a time destiny of said sequence of musical tone

waveform samples for each of said musical instrument parts to which each of said pieces

of said received performance information corresponds is controlled by each of said

piurality of pieces of control information;

a reproducing step of playing back said sequence of musical tone waveform

samples.

According to the twenty-sixth aspect of the present invention there is provided an
apparatus for generating musical tones, comprising:

a cdmputer for executing a musical tone generating process and outputting
musical tones corresponding to musical tone waveform samples, wherein said fone

generating process comprises the steps of:



sanpl es generated by sai d waveform sanpl e-generating step. According to
twenty-fifth aspect of the present invention there is g(;ovi ded a nethod of
generating musical tones which is executed on a conput é? SeRigmPei2908g: a
performance information-receiving step of receiving a plurality of pieces
of performance information corresponding respectively to a plurality of
musi cal instrunment parts, wherein said received performance information
designates a pitch of each of the mﬁl cal tones to be generated; a control
i nformation-receiving step of receiviAY a plurality of pieces of control

i nformation caqrrespondi ng.respecti vel 0 said pluraljty of nusical

i nstrument part g?'%&@gﬂ%% ﬁ\f?’ﬁ‘a{')%}'fsﬁe'wg&i e?achﬁ’g'ng %eégaﬁé?{% 'nq%"ﬁ?f@f'cal t one
vvaveform‘ﬁﬁm i .].e . rality of .channels in response to
sai d perfor rrar?%@n%tﬁ? g%ﬁ%ﬂ??ﬁ?rp%é? @Lﬁgalgéé}%a%s%eq eé'ﬁ(r:aéecj(;f nmusi cal tone

vave! or m Sanpl L5 8aLaLEdslaig bFs BHED HRSAREAR Binadal JBELPL TRCe

information, and a tine destin sequence of’ nusi tone waveform

sanpl es frafo Ga8Packy obsHiPedMtites ¥ bd utddtBBsEncRAbA 5f the miBikaloRREDwRbeSai d

pi eces of said received performance I nformation corresponds is controlled

by each ahpsdtythergdfUiigd turientfaliti GFaRsra0b ofB basicity Bf i@k sBare@RIroduci ng
step of playing back said sequence of nusical tone waveform sanples.

Accor di ngieteratidreoftthemuyiedl itorieh tampeadiolcodaphdily tigresteli aisan@iid fReyuehgr® i s
provi ded an apparatus for generating nusical tones, conprising: a conputer
f or execuwthiahgmesical one slavefome szreples ate geyemtal; ég)saranifzod otipartly imparteautsi cal
tones correspondi ng to nusical tone waveform sanples, wherein said tone
gener at i fRe prusicalstanesoiophe gencrated (¥} @ pyrrent. valueOofSe pumbdrert to@Hgerbatinga
performance information-receiving st e(ﬁ of receiving performance information
whi ch de$Pgelsde bg sghnded shpuligpeqyslyr ard i) mmsaxinaym valke of the nymbgeefder-ed; a
di spl ay steg of Cgliﬁslgla ing on a display at |east one of (i) a maxinum val ue
of a rat9FBe@Hn Bqlﬁét{?fsog%ﬁeﬂ SEBLH%E]? % o be spared for generation of the
musi cal tones o) V‘é?‘}' e rﬁ@ acit t.thsireo;, rﬁi i) a current8¥al ue of the ratio
of the capaci fy"df* aq &f 'l%ﬂﬁ'feé NG rR g PRerata R PEYYeSRe 8 MUSIEahifge cal
tones to Clit Ve ) L frequency at which
musi cal _SRLeioRt S BaEERTal k) B ERRle bns eI B LB o1
imparted t0  response to said received performance information, wherein said sequence of

musical tone waveform samples generated has the pitch designated by said performance

information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

According to twenty-seventh aspect of the present invention there is provided a
method of generating musical tones which is executed on a computer, comprising:

a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical tones to be generated;

a waveform sample—lfeading step of reading musical tone waveform samples from
a memory; |

an interpolation step of executing interpolation on the read musical tone waveform

samples in a manner selected according to an instruction from a user;




the nusical tenes to be generated, (v) a current value of a nunber of
tone-generating channels to be sounded sinultaneously, and (vi) a maxi num
val ue of the nunber of tone- generating channels to belt&Senielaler 2003

si mul t aneousl y; a waveform sanpl e-generating step of generating a seqguence
of nusical tone waveformsanples in a plurality of channels during a
predeterm ned tine period in response to said received performnce

i nformation, wherein said sequence of nusical tone waveform sanpl es
generated has the pitch designated bfsgaid performance information; and a

duci f playi b _sai.d f i cal f
e e B SRab T T DR RS BRI

- i i O h i S. i.ded th
oLy SUFR SSRE o e SRR LY AP BB B e

perfor marn oiuﬂaf S %Efd' %ﬁi@%cf%igg%rﬂﬁg?é %orﬂ’fati&?ca%}dv%&gd pcﬁ‘[ f(t)i%rb%gﬁgl jco'a or ma;i on

whi ch designates a pitc the musi ca ones e generated;

wavef or MyaREmRHne -safpibls Ntefdofled by ' SR I SMINC 8tbp. ! ARG eEY:GS %Ha;e?ﬁmmes from
a nenory; an interpolation step of executing interpolation on the read

nusi cal  tnQRRalRHE vatdfbms sdmpleSgdndraled BV RE pie %ﬁgﬁdtea%?%ra@i pGfofrRarRB
instruction froma user; 10 Septenber 2003 16n a waveform

sanpl e- génferattiom@gnst ep of generating a sequence of nusical tone waveform
sanpl es for each of a plurality of channels during a predeterm ned tine
period in resporpedicngsied aof gdmingebagiessdid sequanee iofi rasicalt tooa veavefobmased on
the nusical tone waveform sanples interpolated by said interpolation step,
wher ei n saingles genrsated by said wavsieral sampegeneraingstapsanpl es gener ated has t he
pitch designated by said performance information; and a reproducing step
of playing back said sequence of nusical tone waveform sanples generated
by said wavefaorm s,am:gql)e egenerati ng step. According to twenty-eighth aspect
t

of the present*Fo¢iBg & NyreipRth; asPRet RSt @regRnt IBpPEPANREe foProydRdeat i ng
musi cal tones onprising. a uter for executing a nusical tone
gener at i ﬁ&pgﬂgggoggggg{ah 3?%#%&85 “R8TEM t ones corresponding to nusical
tone wavef or MgS %mﬁﬁér fo\ms{e&iltmg S& i rgustic%Petone generating process and outputting
musical tones corresponding to musical tone waveform samples, wherein said tone
generating process comprises the steps of:

a performance information-receiving step of receiving performance information
which designates a pitch of each of the musical tones to be generated;

a waveform sample-reading step of reading musical tone waveform samples from
memory;

an interpolation step of executing interpolation on the read musical tone waveform
samples in a manner selected according to an instruction from a user;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information and based on the musical tone
waveform s.amples interpolated by said interpolation step, wherein said sequeﬁce of

musical tone waveform samples generated has the pitch designated by said performance

information; and




generating process conprises the steps of: a performance
information-receiving step of receiving performance information__which
designates a pitch of each of the nusical tones to be efpked 2088 wavef or m
sanpl e-readi ng step of readi ng nmusical tone waveform sanples from nenory;
an interpolation step of executing interpolation on the read nusical tone
waveform sanples in a manner selected according to an instruction froma
user; a waveform sanpl e-generati ng s% $ of generating a sequence of nusica
tone waveform sanples for each of a g urality of channels during a

det i ned_ti ' [ . ' i ved f

i ormat i on add RosdbRCprd PRERLEISCHE SRldhupciintiauEle PRIEREE) atca by
idint ' i ' ' f ical t f

ampl o SRR S MRRR REP L ST SR, o Dortormance o

information; and 10 Septenber 2003 160 a reproducing step of playing back
sai d sequence of nusical tone waveform sanpl es generated by said waveform

sanpl e- gener alcsvgdisg &P twehBCRInAI RPettOoft W8 Hrasefl MvBniREPBRER 8 prbligedPhaesent
invention there is provided an apparatus for generating nusical tones,

conpri si agpargusfonperieeating ousiesleonds, egnm@isimgsi cal tone generating process for
generating nusical tone waveforns and outputting nusical tones
cor r espondi nga cempiter figeexecuiingd musicat tine igoneratinggredess s gendratirgi mussail d
musi cal tone generating process conprises the steps of: a first receiving
step of 08¢ siEvefagsARdiayinyiing enusishldpmestdopasponding éxthrdeneated iusigakibep of
recei vi n% state information, and a waveformgenerating step of generating
nusi cal VBRECTNS ISRl mysisablongesneraling REpcesfenidises hastegs oh sai d
per formance i n;o;rrat.i on, whgr ei.n a nmaxi num nunber of tone-generating
channel s whi cf"ChiFCHYNE SR GEECEVRY PEERIBENS PforBafionof al | of said tone-
generati ng ch%gg%ln ré:chfin esg aﬁcordi n% tto. §ai d_st_atde information, and a
number of sai d - FON&EGERESER RIFEN 9SS NHMaEP AR sounded is det er ni ned
according to saldRehf i nfor Lon. Brief Description. of the
Dr awi ngs Fig. | %s? a bq% é(gz%ﬁﬁ%érp aronpgggév{naﬁngq ug'cglr Foé'ﬁggﬁ%%?m}?f I, 955 cal
t one- gengdikdting channels, based on said performance information, wherein a maximum number
of tone-generating channels which can be sounded simultaneously, out of all of said tone-
generating channels changes according to said state information, and a number of said
tone-generating channels which are sounded is determined according to said performance

information.

Brief Description of the Drawings

Fig. 1 is a block diagram showing the arrangement of a musical tone-generating
apparatus according fo an embodiment of the invention;

Figs. 2A to 2D show formats of various data stored in a RAM appearing in Fig. 1,
wherein:

Fig. 2A shows a format‘of tone color data stored in thé RAM;

Fig. 2B shows a format of waveform data stored in the RAM:

Fig. 2C shows a format of event data stored in an input buffer preset in the RAM:

and



apparatus according to an enbodi nent of the invention; Figs. 2A to 2D show
formats of various data stored in a RAM appearing in Fi%. 1, wherein: Fig.
2A shows a format of tone color data stored in the RANP Septeqbepgl$hows a
format of waveformdata stored in the RAM Fig. 2C shows a format of event
data stored in an input buffer preset in the RAM and 10 Septenber 2003 16p
Fig. 2D shows a format of data stored in a tone generator register preset
inthe RAM Fig. 3 shows formats of data stored in output buffers preset in
the RAM Fig. 4 is a timng chart useful in explaining an outline of
processing for generating nusical tonqz§p which is perfornmed by the
apparatus of Fig. 1; Fig. 5is a flowhart showing a main routi ne executed
by a CPU appemg. m0sHols fai fmal of datDsto@d irfa fnb GENGEBF fegRikp Widag iVt - T ecei vi ng
interrupt processing; Fig. 7 is a flowhart 'show ng note-on event
processimkgvMexecut ed when data is received through a MD interface
appearing in Fig. 1; Fig. 8 is a flowhart show ng part tone

col or - sel ect i ig Jshowe $simaty of Heta stoest inbetpuebuffbRprededMmane& RARE sel ecting
switch is depressed; Fig. 9 is a flowhart show ng part node-sel ecting
processi ng exdgutied timirgchart paeftl in exnisgbrecttinegfpvdcesding for geresstieg; 10
Septenber 2003 [7 Fig. 10 is a flowhart show ng part waveform sel ecting
pr ocessiAkFiEk oot edicitepertermed bf e apparelue ot Fiagl;swi tch is depressed; Fig. 11
is a flowhart showi ng waveform LPF 5 processi ng executed when a waveform
LPF switch i §=|g_.(§ Iaéﬁp\ggl?gcﬁhowingamain routine executed by a CPU appearing in Fig.

1;

Fig. 6 is a flowchart showing MIDI-receiving interrupt processing;

Fig. 7 is a flowchart showing note-on event processing executed when data is
received through a MIDI interface appearing in Fig. 1;

Fig. 8 is a flowchart showing part tone color-selecting processing executed when a

part tone color-selecting switch is depressed;

Fig. 9 is a flowchart showing part mode-selecting processing executed when a part

mode~se!écting switch is pressed,




Figs. 12A to 12D show an exanpl e of frequency characteristics of waveform
data is generated by the waveform LPF processing of Fig. 11, wherein: Fig.
12A shows a frequency characteristic of the original ! tegost ¢R0B%a; Fig.
12B shows a frequency characteristic of waveformdata after execution of
band |imt processing; Fig. 12C shows a frequency characteristic of 15
waveform data after execution of down-sanpling; and Fig. 12D shows a
frequency characteristic of waveform data after "execution of LPF
processing; Fig. 13Ais a flowhart show ng tone generator processing
which is executed at a step S6 in Fig. 5; 20 Fig. 13B is a continued part
of the Fig. 13A flowhart; Figs. 14A to 14D show formats of various data
stored in a RAM of a nusical tone- generatlng apparatus according to a
second enbodi nent of the invention, 25 wh&rein: 30 35 Fig. 14A shows a
format of tone col or H&fa 19tb% el ﬁ%?WQHérRAﬁhoviﬁﬁ PEATS $RERECATT or mat  of
wavef orm dat a seQle’d inighptbee Mg Fxdcul4d sheMsa ardwifmin-of event data
stored in an'éQTéctl%ffsw1@£§SP & %Q%e AM and Fig. 14D shows a fornat
of data stored 1na genera or e egistér preset inthe RAM Fig. 15 is
a di agram showi ng an é%anplé b$ a hielowphaatigeheningfwayvefommy &PFpanel surface

di spl aged on a ghfbcepliagbekedP8d when a waveform LPF switch is
depressed;
Figs. 12A to 12D show an example of frequency
characteristics of waveform data is generated by the

waveform LPF processing of Fig. 11, wherein:

10 : Fig. 12A shows a frequency characteristic of the
original waveform data;

Fig. 12B shows a frequency characteristic of
waveform data after execution of band limit processing;

Fig. 12C shows a frequency characteristic of

15 waveform data after execution of down-sampling; and

Fig. 12D shows a frequency characteristic of

- waveform data after execution of LPF processing;

Fig. 13A is a flowchart showing tone geﬂerator

processing which is executed at a step S6 in Fig. 5;
20 Fig. 13B is a continued part of the Fig. 132
flowchart;

Figs. 142 to 14D show formats of various data
stored in a RAM of a musical tone-generating apparatus
according to a second embodiment of the invention,

25 wherein:

Fig. 142 shows a format of tone color data
stored in the RAM;

Fig. 14B shows a format of waveform data stored
in the RAM;

30 ‘ FPig. 14C shows a format of event data stored in
an input buffer preset in the RAM; and

Fig. 14D shows a format of data stored in a tone
generator register preset in the RAM;

Fig. 15 is a diagram showing an example of the

35 arrangement of a control panel surface displayed on a



5 E8 display-of the musical tone-generating apparatus according to the
second enbodinent; Fig. 16 is a flowhart showng a main routine executed
by a CPU of the nusical tone-generating apparatus acc@rfPiPRes20®e second
enbodi nent; Fig. processing, by the Fig. Fig. processing, 16, 17 is a
fl omchart showi ng note-on event which is one of M DI processings executed
16 main routine; 18A is a flowhart show ng tone generator which is
executed at a step S108 in Fig. 10 15 20 25 30 Fig. 18B is a continued part
of the Fig. 18A flowhart; Fig. 19 is a flowhart show ng waveform readi ng
and interpol ating processing, which is executed at a step S136 in Fig. 18;
Fig. 20 is a flowhart show ng P--display processing, which is executed at
a step S109 in Fig. 16; Fig. 21Ais a f“gmchart showi ng switch-on even

display of the musical tone-generating apparatus
according to the second embodiment;

Fig. 16 is a flowchart showing a main routine
executed by a CPU of the musical tone-generating

5 apparatus according fo the second embodiment;

Fig. 17 is a flowchart showing note-on event
processing, which is one of MIDI processings executed.
by the Fig. 16 main routine;

Fig. 182 is a flowchart showing tone generator

10 processing, which is executed at a step $108 in Fig.
167 .

Fig. 18B is a continued part of the Fig. 18A
flowchart;

Fig. 19 is a flowchart showing waveform reading

15 and interpolating processing, which is executed at a
. step S136 in Fig. 18;
' Fig. 20 is a flowchart showing P-display
processing, which is executed at a step S10% in Fig.
16; '
20 | Fig. 21A is a flowchart showing switch-on even
processing, which is one of other processings executed
at a step S10% in Fig. 16;

Fig. 21B is a flowchart showing duty ratio

switch-on event processing, which is also one of other
25 processings executed at the step 5109; .

Fig. 22A is a flowchart showing tone generator
processing executed by a CPU, according to a third
embodiment of the invention; and

Fig. 22B is a continued part of the Fig. 22A
30 flowchart.

DETAILED DESCRIPTION

The invention will now be described in detail
with reference to the drawings showing embodiments




processing, which is one of other processings executed at a step S109 in
Fig. 16; Fig. 21Bis a flowhart show ng duty ratio sw tch-on event
processing, which is also one of other processings ex@cRAPEMbEr 200% step
S109; Fig. 22A is a flowhart show ng tone generator processing executed
by a CPU, according to a third enbodinent of the invention; and Fig. 22B
Is a continued part of the Fig. 22A flowhart. DETAI LED DESCRI PTI ON The

invention will now be described in detail wth reference to the draw ngs
showi ng enbodi ments 10 Septenber 2003 19 thereof. Referring first to Fig.
1, there is illustrated the arrangenent of a nusical tone-generating

apparatus according to a first enbodi nent of the invention. The 5 bl ock
diagram of Fig. 1 shows the arrangenent of a general purpose conputer per
se, to which an operating system (QOS) suéh as W ndows (Regi stered
Trademark) is tappkbtable. Therefore, this invention can be inplenented as

sof tware on a general p DHI RASE %qgggtgé F%? Rur ther.e EQ|§1 VeI QN 1S

applicable to an el ectroni ¢ -nusical i nstfunment aV|n stantially the
same arrangenEhf ASTRROFIYPL PL ThEUAbPREF WS %F&Fﬁ@gtﬁpl?%’@tﬂ’rsesent
enbodi ment i s ceprusAd ©F A ﬁ%ldtlefr@bdp@éritordm Rhel Gnvant oois. dattee :

procesgsi ngs, bﬁg&?ognd Zlﬁhr m@ cgows1H§e%£ﬂgg%%%eggog£ag1executlon
commands and data, a sp ay unict I'ng “various inmage and
general purpose computer per se, to which an operating

system (0S) such as Windows (Registered Trademark) is
applicable. Therefore, this invention can be -

implemented as software on a general purpose computer.

10 Further, this invention is applicable to an electronic

musical instrument having substantially the same
arrangemeﬁt as in Fig. 1.
The apparatus according to the present

embodiment is comprised of a CPU 1 for performing

15 various data processings, a keyboard 2 through which a
user inputs program execution commands and data, a

| display unit 3 for displaying various image and

character information, a hard disk drive (HDD) 4
storing data and programs executed by the CPU 1, a ROM

20 5 storing programs for controlling data
inputting/outputting to and from the keyboard 1, the
display unit 3 and the HDD 4, a RAM 6 for storing
programs being execﬁted, waveform data and data
calculated, a timer 7, a MIDI interface 8 connected to

25 a performance unit like a keyboard to be supplied with
performance data therefrom, a DMA (direct memory
access) controller 9 for directly accessing the RAM 6
to read therefrom musical tone sample data (waveform
data) at a rate corresponding, e.g., to a sampling

30 frequency of 48 kxHz and delivering the read data,
sample by sample, to a D/A converter 10 in response to
a command fréom the CPU 1 (hereinafter referred to as
"the reading-reproducing processing), the D/A converter
10 for converting the musical tone~generating data in

35 the form of a digital signal supplied from the DMA



character information, a hard disk drive (HDD) 4 storing data and prograns
executed by the CPU 1, a ROM 20 5 storing prograns for controlling data

i nputting/outputting to and fromthe keyboard 1, the 718iS¢pleaper#id® 3 and
the HDD 4, a RAM 6 for storing prograns being executed, waveform data and
data calculated, a tiner 7, a MDI interface 8 connected to 25 a
performance unit |ike a keyboard to be supplied with performance data
therefrom a DMA (direct nmenory access) controller 9 for directly
accessing the RAM 6 to read therefrom nusical tone sanple data (waveform
data) at a rate corresponding, e.g., to a sanpling 30 frequency of 48 kHz
and delivering the read data, sanple by sanple, to a D/A converter .10 in
response to a command fromthe CPU 1 (hereinafter referred to as "the
readi ng-reproduci ng processing), the D/ A2eonverter 10 for converting the
nusi cal tone- generaingG dakd kA 3Ralde fuiPaaf tandi gided1 Siggnrunguppl i ed
fromthe DVA 10 Se te%efr 20031.. 20 controller 9 to an anal og nmusi cal tone
signal , . a sounﬁys%‘{)f%t PT PBPLAABLRY y?rff{:) M EUSHEPE: PR HE Htusi cal  tone
signal by way ofnea d$igaslpéakerny afda aldudspe2kernt endoaneet il¥g t he conponent

elenents 1 t0 OneSrddienddiRnd $he' ESmBdhORErAldE LRl 90F @M and various data
i ncludi ng automatic performance data and code progression data. In the

case where any oper atTHy BO5r §gPERTFE FRORTGEFY RTPAESRANS, an operating

program nay bevstibowsl dataa imandddngkawtetaiid iperifbbndncd 0data sasher at i ng.
programis read,0t Q- she RAMS q3@at Nty {ie LRY %hggsrahfsowgﬁ%goperatl ng
programin the sane way as If an operatl_nlg b&)rogramls stored in tthe ROM 5.
_ program is not stored in the " ROM 5, an operating :
program may be stored in a hard disk within the HDD 4. é

10 This operating program is read into the RAM 6 so that

the CPU 1 operates on the operating program in the same
way as if an operating program is stored in the ROM 5.
By so doing, the addition of an operating program and
version-up of the operating program are facilitated. A
15 CD-ROM (compact disk read-only memory) drive 13 is also
" connected to the bus 12, which reads an operating
program and various data stored in a CD-ROM set
therein. The operating program and various data thus
read out are stored in the hard disk within the HDD 4.

20 It is thus easy to install a further operating program
or a new ﬁersion of the operating program. Devices for
utilizing various types of media including a floppy
disk drive and a magneto—optical (MO) disk drive may
also be provided as external storage devices,

25 A communication interface 14 is also connected
to the bus 12, The communication interface 14 is
connected to a communication network 21 such as a LAN
(local area network), an internet or a telephone line.

The communication interface 14 is connected to a server

30 computer 31 through the communication network 21. In
the case where the operating program and various data
are not stored in the HDD 4, the communication
interface 14 is used to download programs and data from
the server computer 31. The present musical tone-

35

generating apparatus constituting a client transmits a



By. so doing, the addition of an operating programand version-up of the
operating programare facilitated. A 15 CD-ROM (conpact di sk read-only
menory) drive 13 is also connected to the bus 12, whil@Fepleadsr Z93oper ati ng
program and various data stored in a CD-ROM set therein. The operating
program and various data thus read out are stored in the hard disk within
the HDD 4. 20 It is thus easy to install a further operating program or a
new version of the operating program Devices for utilizing various types
of nmedia including a floppy disk drive and a magneto-optical (M) disk
drive may also be provided as external storage devices. 25 A communi cation
interface 14 is also connected to the bus 12. The conmuni cation interface
14 is connected to a conmuni cation network 21 such as a LAN (local area
network), an internet or a tel ephone Iiné! The comunication interface 14
i s connect ed t commgedveeqiBttogpuher s84ve hroughtiere 3dotmuddeatdash net wor k

21. In the cagg gg@fgﬁmbe ORES AL QHaPERYE AR AN Y FHeO WS mRldh Bcat® dh NOt

stored in-the HDD e conminication |nterface 14 is_used to downl oad
prograns and daPierfefR® thendther COBRpLtert 3R PRI FReddnt HSical tone 35
generating appaeates ecomshtdtitilngeactieenthis ansmargi an0dSeprenber 2003 21

comrang 1 equesti g L. SELY o SAMMULCR 30rbR SQNIAAA ¢ ARNOPRLBLLOD PT Ogr am

and dafa throug e “conmuni i on ace 14 a e conmuni cati on
network 21. Thé&onsceeBerebipmitanPaFetprecEhyelsR Hike CHRFRRdC&hd°Bel i vers 5
the requested @R&kaiknglpr othamiidadatantogeherdtisic alppatran@sgener ati ng

?gﬁgrgéﬁzr;P{ﬁéggﬁ%gggfgse Bééégéﬁnéndn%%%grghgéugﬂwgkénggﬂﬁ%hication
interface 14 and accumulates them in the HDD 4. The
10 downloading is thus completed.

The present invention may alternatively be
implemented by the use of a commercially available
personal computer or the like with an operating program
and data adapted to the invention installed therein.

15 In such a case, a storage medium such as a CD-ROM or a
floppy disk which stores the operating program and data

- adapted to the invention and can be read by a personal

computer can be offered to the user. In the case where
such a personal computer or the like is connected to a

20 communication network like a LaN, an internet or a
telephone line, the operating program and the data can
be offered to the personal computer or the like through
the communication network.

Throughout the present specification, the term

25 "waveform sample{s)" or "sample(s)"” means a waveform
sample (waveform samples) obtained by sampling original
waveform data, the term "waveform data" those data of a
sequence of waveform samples which are actually used to
generate musical tones, the term "musical tone waveform

30 data" data produced from the seguence of waveform
samples by a musical tone-generating operation, and the
term "musical tone waveform sample" a waveform sample
(waveform samples) of the musical tone waveform data
produced by the musical toﬁe—generating operation,

35 Figs. 2A to 2D show formats of tone color data




receives the program and data through the conmunication interface 14 and
accunul ates themin the HDD 4. The 10 downl oading is thus conpl et ed. The
present invention may alternatively be inplenented byOtSeetember 303,
comercially available personal conputer or the Iike with an oper at| ng
program and data adapted to the invention installed therein. 15 In such a
case, a storage nediumsuch as a CD-ROM or a floppy disk which stores the
operating programand data adapted to the invention and can be read by a
personal conputer can be offered to the user. In the case where such a
personal conputer or the like is connected to a 20 comunication network
like a LAN, an internet or a 25 30 35 tel ephone |ine, the operating program
and the data can be offered to the personal conputer or the |ike through

t he conmuni cati on networ k. Throughout thelpresent specification, the term
"wavef or m sanphed syaveforms gaphe Spredebnde Bavefornd @@%I%’C%ﬁéﬁvef orm
sanpl es) obt ai ﬂﬁdazbylxﬁﬂfﬂfﬂblu&&ew halnal covaviradat fegides erm "wavef orm
data" those data_ of uence f wavef or m sanpl es Whl ch are actually used
to generate nﬁ’é?ﬁ%’i’tt% © fAE Perm "nusical tone waveform data" data
produced fromthe secﬁ:eq\cépofshmetonm ccslaimlcad;ab?Da'lms%ch,l caer

tone- generati NngePPeEStd ®Nin 2R TRB.QI 6l e{vl@lcr{n@ Q;% t-98gqaweref orm sanpl e” a
wavef orm sanpl e wavef orm sampl es). of the musi caP t one waveform dat a

produced by th#&2 §?€5Td%%9élaﬁg‘é‘ﬁeﬁali?n‘6“5b’erfé’tr §RSIEPREIN9 Rt 0 2D show
formats of toneaveformdat & kangept @FDe(1300Brequency oscillator)

control original data (OD), filter envelope generator

(FEG) control original data, amplitude envelope
10 generator (AEG) control original data, other original
data, and calculation mode CM{(p).. The symbol p

represents a part number, and the musical tone-—

generating apparatus of the present embodiment is
adapted to set tone ceolor data for 16 parts. Further,

15 - in the present embodiment, the waveform-designating
data WN(p) is set by a waveform name, which is set by
‘the user (see Fig. 9). The calculation mode CM(p) is
data for indirectly designating the number of samples
to be generated per second for generating a musical

20 tone waveform, i.e. data corresponding to an equivalent
sampling frequency. According to the present
embodiment, the calculation mode CM(p) can selectively
assume an integer from 0 to 2 is selected. 1In the

.present embodiment, the calculation mode CM(p) and the

25 equivalent sampling frequency are set in the
relationship of CM(0) = 48 kHz, CM(l) = 24 kHz, and
CM(2) = 12 kHz.
Fig. 2B shows waveform data WD1l, WD2, ... wﬁich

are original waveform data for forming musical tone

30 waveform data generated by musical tone-generating
processing, hereinafter described. Among them, the
waveform data WDl and WDZ2 are each formed of samples
having a length corresponding to a predetermined time
period and each indicate a waveform which can be read

35

out at one time or a waveform formed by an attack



10 22 and waveformdata stored in the RAM 6 and data stored in an input
buffer and a tone generator register present on the RAM'6. Fig. 2A shows
tone color data PDp'(p =1, ..., 16) stored in the RAQ’IS@PtQW’PPEEPqE’s_
conprised of waveformdesignating data WN(p) for designating a waveform
of a range, LFO (low frequency oscillator) control original data (0OD),
filter envel ope generator (FEG control original data, anplitude envel ope
generator (AEG control original data, other original data, and

cal cul ation node CMp).. The synbol p represents a part nunber, and the
musi cal tone- generating apparatus of the present enbodinent is adapted to
set tone color data for 16 parts. Further, 15 in the present enbodi nent,

t he wavef orm desi gnating 20 25 30 35 data WN(p) is set by a waveform nane,
which is set by the user (see Fig. 9). T¥He calculation node CMp) is data
for indirectly sdesiignathdiga t heopweediocol samplwsve flaornbelagen®@pat &akd per
second Tor 9engidl bod 8a0HSHSAlindLRG YRYBLAL Mue dhe 4212 £OLEEEPONI NG T O
an equi val ent sanpling frequency. cording”to the presen enbodt nent
the cal cul at i oI Wa¥FSERTP) Ikt "dblc ieFs| Hrevseily AfMPHedget from 0 to 2
i's selected. | prhdieterfifsenie HMidigTBAp1iNe £0dQudraly @hdmeder&d p) and
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read data in a waveform data area in the RAM €,

Waveform data WD1' and WD2' in Fig. 2B are obtained by
subjecting the waveform data WDl and WD2 to -
predetermined band limiting processing, down-sampling
10 the band-limited data at a frequency 1/2 times. of the
original recording sampling frequency (by skippiné

every other sample), and storing the resulting down-
sampled data in the waveform data area. Waveform data
WD2" in Fig. 2B is obtained by subjecting the waveform

15 data WD2' to predetermined band limiting processing,
down-sampling the band-limited data at a frequency 1/2
times of the sampling frequency of the waveform data
WD2, i.e. at a frequency 1l/4 times of the original
recording sampling frequency, and storing the resulting

20 data in the waveform data area. Processing for
generatihg the waveform data WD1', WD2' and WD2"
(Waveform LPF Processing) will be described hereinafter
with reference to Fig. 11,

Fig. 2C shows an input buffer which stores

25 performance data input through the MIDI interface 8.
This input buffer is comprised of an area for storing
data indicative of the number of events to be
processed, and areas for storing event data ID1l, IDZ2,
ID3, and so on, corresponding to respective events.

30 Each event data is comprised of data indicative of the
contents of the event, and data indicative of a time
point of occurrence of the event. The data indicative
of the time point of event occurrence is required for
the CPU 1 to process a plurality of events

35 collectively.



CM2) = 12 kHz. Fig. 2B shows waveformdata Wp1, WD2, ... which are
original waveformdata for form ng nusical tone wavefqrm data generated by
nmusi cal tone-generating processing, hereinafter descrﬁ%béegﬂ’.te"m?ﬁ%&m’t hem the
wavef orm data Wb1 and WD2 are each fornmed of sanples having a |ength
corresponding to a predetermned tine period and each indicate a waveform
whi ch can be read out at one tinme or a waveformfornmed by an attack 10
Sept enber 2003 23 section and a | oop section. The waveform data WD1 and
WD2 are each obtained by reading out one of a plurality of waveform data
whi ch were previously sanpled at a predeterm ned recordi ng sanpling
frequency and stored 5 in the HDD 4, according to necessity, and storing
the read data in a waveformdata area in the RAM 6. Waveformdata W'
and WD2' in Fig. 2B are obtained by subj2écting the waveform data WD1 and
W2 to predeterm necripndpl iskiblNg P60€ effidigtodong Sagdt iwigchO t he
band-limted d frequ [2 L] . of o]l cordi ng
sanpl i ng frequgﬁgﬁg‘% b(?/tons ﬁ°gpi%%gg %?/Er%/é%?ﬁteornesgtﬁ%?é??ig%d&g%noéeﬁﬁg t he

resul ting downvwhighpeRl Weda inn thhemwaved brinrgaggngrabingavef orm data WD2"
in gi g. 2B iz %bbgéf@ﬂ_@y sbjeaet pRgséhe %Mi@fe@i\tﬂ-5tﬂétﬁor\/e\{))2' to

predet ermi ned ban imtin rocessin ., doywn- sanpl.i t -limte

data &t a freq3&RgF*4H7% r%qqr?gtfrof‘st ﬁ%ﬁgﬁhﬁ%mnoffrregdﬁg%g? g?rt e waveform
data WD2, i.echannals$redifenepntidlt faks Ofr tepschomugiinal terzor di ng

sanpling frequgRg¥rat 80§ M1 akBechesthdd NG HARLB1hY ¢Re waveform data

area. Processi ng for ,generating the waveformdata \WI', W2' and WD2"
' respective original data of the tone color data PDp

(see Fig. 2A) according to performance data such as
10 touch, and comprised of pitch SP indicative of the
pitch of a musical‘tone to be generated, an F number FN
indicative of an address-advancing amount per sample by
which waveform data is read out, waveform—designating '
data for designating waveform data to be read out, LFO
15 control data obtained by processing the LFO control
‘original data, FEG control data obtained by processing
the FEG control original data, AEG control data
obtained by processing the AEG control original data,
note—-on data (1-bit data) indicative of whether or not
20 a musical tone is being sounded, other data, and
calculation mode CM(i) (i =1, ... 32),.
The F number FN is a numerical value of the
address—advancing amount per sample, which is
calculated by the use of the following equation (1):

- FN = o (SP—OP) /1200 _  (CM-WM) (1)

where SP represents the pitch SP of a musical tone to
be generated, OP the pitch (original pitch) inherent in
waveform data which is designated by the waveform-
designating data and read, sample by sample, at the

30 sampling frequency of 48 kHz, CM the calculation mode
CM (i), and WM waveform mode indicative of a sampling
frequency at which the musical tone was recorded

(recording sampling frequency), i.e. a numerical value



(Waveform LPF Processing) will be described hereinafter wth reference to
Fig. 11. Fig. 2C shows an input buffer which stores 25 erfornmance data

i nput through the MDI interface 8. This input buffer0iSsriegRsF2&8d of an
area for storing data indicative of the nunber of events to be processed,
and areas for storing event data ID1, ID2, 1D3, and so on, corresponding
to respective events. 30 Each event data is conprised of data indicative of
the contents of the event, and data indicative of a time point of
occurrence of the event. The data indicative of the tine point of event
occurrence is required for the CPUI to process a plurality of events 35
collectively. 10 Septenber 2003 5 10 15 20 25 30 24 Fig. 2D shows-a tone
generator register which stores control data for each tone-generating
channel which are used in the nusical tone- generating processing. In the
present enbodi maapttefete ogrch gavefaror dakyiatkerindd reehpri sed of registers

for 32 channelﬁmlﬁ@ﬁ@r@f cahed%te@okaansagan@pﬁigc%remeﬁwQ@f\e&ﬁ%I ng
channel are obtained

groc SSIn res (6Jve or| a of the
el or C e Haspr ool R B A e R e e P i St o1y o
touch, and conumﬁsedssﬁm@$taﬂ1ﬁﬂtegndlCabmv@ o heimilarly to the

5 calculation mode CM(i)). For example, the waveform
mode WM = 0 corresponds to a recording sampling
frequency of 40 to 48 kHz, WM = 1 to a recording
sampling frequency of 20 to 24 kHz, and WM = 2 to a
recording sampling frequency of 10 to 12 kHz, Each

10 waveform data to which is allotted a value (i) of the

waveform mode can have a high frequency component which

has an upper limit frequency value egqual to half of the
recording sampling frequency. The wvalues SP and OP are
divided by 1200 because these values are given in cent
15 values,
The F number FN controls the pitch conversion
" mode. )
Further, the tone generator register has
provided therein a work area for tone generation
20 processing. This work area is used when correction of
the F number FN, for example, by the LF0O control data
is tequired. .
Fig. 3 shows formats of output buffers preset on
the RAM 6.

25 In the figure, a buffer 0 is for accumulating
128 musical tone waveform samples generated by a
musical tone—generating channel to which is assigned
the calculation mode 0 (CM{(i) = 0), one of the control
data stored in the tone generator register, described

30 hereinabove, a buffer 1 for accumulating 64 musical
tone waveform samples generated by a tone generating
channel to which the calculaticon mode 1 (CM(i) = 1} is
assigned, and a buffer 2 for accumulating 32 musical
tone waveform samples generéted by & tone generating

35 channel to which the calculation mode 2 (CM(i} = 2} is



11 pitch of a-nusical tone to be generated, an F nunber FN indicative of
an address-advanci ng anount per sanple by which waveformdata is read out,
wavef or m desi gnating data for designating waveform ddf&epsmber 2034 out ,
LFO control data obtained by processing the LFO control original data,
FEG control data obtained by processing the FEG control original data, AEG
control data obtained by processing the AEG control original data,

note-on data (1-bit data) indicative of whether or not a nusical tone is
bei ng sounded, other data, and calculation node CMi) (i =1, ... 32). The
F nunber FN is a nunerical value of the address-advanci ng anmount per
sanple, which is calculated by the use of the follow ng equation (1): FN =
2(SP-0P)/ 1200 x 2(CM W) where SP represegpts the pitch SP of a nusical tone
to be generated, OP the pitch (original pitch) inherent in waveformdata
which is desi gR&E&#®Y- t he waveform designating data and read, sanple by

sanpl e, at the sanpl a ngnfeaquendy Obr iereizt iGh ARS8 vasteahtiore node
CM1). and W wayetorm %%&gleégngé(cilk‘:ggpgia@i@a@mle' B nhbSSMENCIHat Wwhich

the nusical tonée was re (recordi ng sanpling freg ency),.i.e. a
nuneri cal val u¥aYefeEpt eRIe2003t2S bﬁfg%fﬂedaﬂg 8abh %ﬁ%e%or%?ﬁata and
indirestly indeaathvengfiddienisaeandioge sanmpfowy fsmegleacyyof the waveform
gata {1 { e, RSEoboRbosh Nl o IS, MREIALAL JRMRotseuTER,op Lot sger from
wavef orm node tWk bu@feor?esgtimdshve gepetoked f%éWﬁFFﬁé tone
waveform samples in the buffer 1' and those in the
buffer 2' are accumulated together with the 128 musical
10 tone waveform samples in the buffer 0 into 128 musical
tone waveform samples, which are then stored in the
buffer 0 for reproduction. That is, the buffer 0 also
functions to store the 128 musical tone waveform sample
data to be read by the DMA controller $ for
15 reproduction. .
By thus interpolating musical tone waveform
" samples generated at such low sampling rates (waveform
sample data in the buffers 1 and 2 in the present )
embodiment) into 128 musical tone waveform samples, the
20 128 musical tone waveform samples generated in the
buffer 0 and the 64 and 32 musical tone waveform
samples generated in the buffers 1 and 2 can be
accumulated together without generating aliasing noise,
whereby final 128 musical tone waveform samples for
25 reproduction can be obtained. The interpclation method
employed in the embodiment may be a well-known one,
such as linear interpolation.
In the present embodiment, as state above, the
three kinds of buffers 0 to 2 are provided and the
30 buffer sizes thereof are set in the relationship of
buffer 0 : buffer 1 : buffer 2 = 4 : 2 : 1. However,
this setting is not limitative. Alternatively, for
example, two types of buffers 0 and 1 may be provided,
which have buffer sizes satisfying the relationship of
35 buffer 0 ;: buffer 1 = 3 : 1.



frequency of 40 to 48 kHz, WM = 1 to a recording sanpling frequency of 20
to 24 kHz, and WM = 2 to a recording sanpling frequenc of 10 to 12 kHz.
Each 10 waveformdata to which is allotted a val ue (i'P Ssptember 2Q03vef or m
node can have a high frequency conponent which has an upper limt
frequency val ue equal to half of the recording sanpling frequency. The

val ues SP and OP are divided by 1200 because these values are given in
cent - 15 val ues. The F nunber FN controls the pitch conversion node.
Further, the tone generator register has provided therein a work area for
tone generation 20 processing. This work area is used when correction of 25
30 35 the F nunber FN, for exanple, by the LFO control data 1is required.
Fig. 3 shows formats of output buffers preset on the RAM6. In the figure,
a buffer 0 is for accunulating 128 nusi ¢al tone wavef or m sanp| es gener at ed
by a nusical tone-gefsratinguthannedt tehatiuticad seaepgaewerthid%al cul ati on

mode 0 (CM1) 5 Qéesé&ﬁb(gxééﬂ%eﬁoﬁ&rgﬁe ﬁﬁgibéﬁ(WUﬂé génbheti@@e gener at or
regi ster, descrlb d herei nabqgve,

er 1 for qeunu at i 64 nmusi ca
tone wavef or m SBRPFREUYARGHIERIHGO tg%n%r%ﬁﬁﬁﬁ lmgﬁgnne % whi ch t he
cal cul ation nDdes&riﬁA&lglch:@eﬂerenasstgn%dgsanﬁha4ﬁuﬁﬁér49 -f or
accunu%ating 32 nusic :&ﬁ&:Q@V@%gﬁﬁgSﬁgpéﬁ§ngﬁgﬁ&ﬁb@dabyagttﬁnﬁg
[ t

eneratin channel to mhl e cal cul ati on de OM
J J input into the input buffer nD (; Q olor)data

PDp is designated according to the event, and then the
waveform name WN(p) and the calculation mode CM(p}
belonging to the designated data PDp are automatically

10 designated, whereby fhe CPU 1 generates waveform
samples of a musical tone corresponding to the input
event at a time density (equivalent sampling frequency)
determined by the calculation mode CM(p)} on an output
buffer corresponding to the calculation mode. Further,

15 the CPU 1 executes a musical tone-generating
calculation including interpolation on these waveform
samples, stores the calculated data, i.e. musical tone
waveform sample data, in the output buffer 0 of the RAM
6, and notifies the DMA controller 9 of the completion

20 of the calculation (Fig. 4B). The DMA controller 9
sequentialiy reads the musical tone waveform sample
data from the output buffer 0 (Fig. 4C). Performance
data input through the MIDI interface 8 during a time
period from the immediately preceding time point tBC of

25 generation of a clock signal BC to the present time
point tBC of generation of the clock signal BC is
subjected to the present calculation for generating a
musical tone. Reading and reproduction of the musical
tone waveform sample data of which the calculation is

30 completed at a time point tCE is executed by the DMA
controller 9 starting at the next time point tBC of
occurrence of the clock signal BC to generate a musical
tone. Each arrow P shown in Fig. 4B simply indicates
the correspondence between the calculated musical tone

35 waveform sample data and the reading-reproducing




10. Sept enber 2003 26 assigned. A buffer 1' is for generating 128 nusi cal
tone waveform sanples by interpolating the 64 nusical tone waveform
sanples in the buffer 1, and a buffer 2' for 5 gener dQiSfpter@r 2983 cal tone
wavef orm sanpl es by interpolating the 32 nusical tone waveform sanples in
the buffer 2. The thus generated 128 nusical tone waveform sanples in the
buffer 1' and those in the buffer 2' are accunul ated together with the 128
nmusi cal 10 tone waveform sanples in the buffer O into 128 nusical tone
wavef orm sanpl es, which are then stored in the buffer O for reproduction.
That is, the buffer 0 also functions to store the 128 nusical tone
waveform sanple data to be read by the DVA controller 9 for 15
reproduction. By thus interpolating nusicjl tone waveform sanpl es
generated at such | ow sanpling rates (waveform sanple data_in the buffers
1 and 2 in the grasssstingenbedi dagh Natntiadigst fukhatal thoresiaePbr m sanpl es,
the 20 128 nusiwg@l d:0RQ1¥BYEH OssMSRITRIES tOERE! aird poidthecEbukfer 0 and the

64 and 32 nusical tone veform sanples ge ated in the buffers 1 and 2
can be accunulGtHP q&&?ﬁh@F '?H%U%Péﬁﬁg a?gég al i asi ng noi se, wher eby

final 128 nusical ton@osavéiogmsdipl @resent2smpegimeiifct ité¥® can be

obt ai ngd. The inf&rPQ]Atd-@BuARENOGE 33 DagMboyedehe hbwienbaedneent nay be

a wel | -known ong, @@ oM @S ppansals [ 4PUAL A accoraingly the
clock signal BC is generated at time intervals of 2.7
msec (128/48k). . Hence, the maximum delay time from
inputting of performance data to actual generation of a

10 musical tone is apprdximately 5 msec, which poses no
listening problem on the human. For automatic
performance, the delay time may be longer, and hence
the size of the output buffer 0 may be made longer.
Further, the reading-reproducing processing need not be

15 started at the same timing as generation of the clock
signal BC, but may be started at any timing such as at
the lapse of a predetermined time period after the time
point tBC of generation of the clock signal BC, insofar
as it does not pose any listening problem on the human.

20 Now, description will be made of control
processing executed by the CPU 1 of the musical tone-
generating apparatus constructed as above, with
reference to Figs. 5 to 13.

Fig. 5 shows a main routine executed by the CPU

25 1. The main routine is started when the user turns on
a power source of the musical tone—generating apparatus
(when the program of the software tone generator is
triggered in the case where the invention is
implemented on a general purpose personal computer) .

30 Fig. 6 shows MIDI-receiving interrupt processing. This
interrupt processing is executed with the highest
priority upon inputting of performance data through the
MIDI interface 8.

First, the processinq of Fig. 6 will be
35 described. At a step S11, received data is fetched,




In the present enbodi nent, as state above, the three kinds of buffers O to
2 are provided and the buffer sizes-thereof are set in the relationship of
buffer O : buffer 1 : buffer 2 = 4 : 2 : 1. However, 'PiFeReEREE248] is not

limtative. Alternatively, for exanple, tw types of buffers 0 and 1 may
be provided, which have buffer sizes satisfying the relationship of

buffer 0 : buffer 1 =3 : 1. 10 Septenber 2003 5 10 15 20 25 30 35 27 Now,
an outline of- the musical tone-generating processing executed by the

musi cal tone-generating apparatus according to the present enbodi nent will
be described with reference to Figs. 4A, 4B and 4C. For exanple, when a

note-on event of a part pis input into the input buffer of Fig. 2C, tone
color data PDp is designated accordlng tg, the event, and then the

wavef orm nanme WN(p) and the cal cul n node el,ongj t he
desi gnat ed datéﬂwgﬁhﬁPeaéuFoﬁ%??c%ﬁ edé??ﬁﬁghéd&aV%eregy ?E%RCPU 1
gener at es wavefoigs ﬂﬂfﬁh@&toﬁuﬂf@m&}ﬂ:aﬂhe’[ A Goteesipridiight 51ffe i nput

event at a tine en3|%Mcg%gHva g@tlﬁﬁqgkbngszggggmgy) determ ned by the
cal cul ation mod& %14 on an~out put uffer qorrgspgndlng to the
fru

cal cul ati on node. Furﬂﬁeﬂhe ﬁﬁé“CFQP?}%&éﬂhfég a t5H t one- %gneratlng

5 initializations are executed at a step S1, i.e.
tone-generating channels are turned off, all the
registers are cleared, and the reading-reproducing
processing by the DMA controller 9 is.initialized to be
started. Then, it is determined at a step 52 whether

10 or not the input buffer contains received data. If the
input buffer does not contain any received data, the
program immediately proceeds to a step S4, whereas if
the input buffer contains received data, operations
corresponding to the received data, such as note—on -

15 event processing, note-off event processing and pedal
processing are performed at a step §3, followed by the
program proceeding to the step s4.

At the step 54, it is determined whether or not
a switch event such as tone color selection has

20 occurred. If no switch event has occurred, the program
immediately proceeds to a step $6, whereas if a switch
event has occurred, panel switch event processing is
executed, e.g. by selecting a tone color for each MIDI
channel according to setting of a tone color-selecting

25 switch at a step S5, and then the prbgram proceeds to a
step 56,

At the step S6, a subroutine for tone generator
processing shown in Figs. 13A and 13B, hereinafter
described, is executed, and further other processings

30 are executed at a step S7, followed by the program
returning to the step S2. Thereafter, the steps 82 to
S7 are repeatedly executed.

Fig. 7 shows details of the note-on event
processing which is one of the received data

35 processings executed by the step $3 in Fig. 5.




cal cul ation including interpolation on these waveform sanples, stores the
cal cul ated data, i.e. nusical tone waveformsanple d b i n the output
buffer 0 of the RAM 6, and notifies the DVA controllg %§pﬁﬁwpﬁ%m%bnpletlon
of the calculation (Fig. 4B). The DVA controller 9 sequentially reads the
musi cal tone waveform sanple data fromthe output buffer O (Fig. 40
Performance data input through the MDI interface 8 during a tinme period
fromthe inmediately preceding tinme point tBC of generation of a clock
signal BCto the present time point tBC of generation of the clock signal
BCis subjected to the present calculation for generating a nusical tone.
Readi ng and reproduction of the nmusical tone waveform sanple data of which
the calculation is conpleted at a tinme pgint tCE is executed by the DVA

controller 9 starting_at the next tlne 0|nt t BC of = occurren of the
clock signal BC to geRhdFste af fusiteRr 52 Eoﬂ%f”éé?haQPrSMPﬁﬁgrﬁﬁé%?5 Fig. 4B
sinply indi cat daditheedony egpondserdecliethveeror iatealacel atededusn cat t one

vavef or m sanpl ¢ .4a! 3pandetifmdAAY Reie! BPLACYCLAI Y SeRbeaber 2003 28

processi ng, but does not cat ere he cal cul ati on

conpl eted at t e TREABTEBRNEC tTE "@e tplléﬁli}f e et FhEEANB point tBC.
Accordsng to t haeeanateenbiodi giited hatbnsanmiemgf ndqueney of the DAC 10
of the nusical t.qn eper a us bLead& , ordingly the
clock signal B |§r§3%e£§t%% £§% [E%££ % Z b Fb%t9ﬁpg%§€%(128/48k)

Hence, the nmaximaspedsiaglyi n@n‘#r%ﬁrnthenﬁu‘lfnﬁl hgm%fafpé?‘f%’rtrrﬁ%‘f@é‘raﬁflﬁeto act ual

generation of a ik %‘n@akré@@ﬁvécﬁ 2 Pelifal ely Scdtser,invinchrpases no
TM (hereinafter the contents thereof will be referred

10 fo as "the occurrence time point TM") preset in the RAM
6.

Then, at a step $22, tone generation-assigning
processing is performed for determining a tone-
generating channel of the tone generator register (Fig.

15 2D) into which tone color data is to be written, and
the assigned channel number is stored in an area i
{(hereinafter the stored contents thereof will be
referred to as "the assigned channel ;")f

At the following step $23, tone color data PDp

20 for the part p (see Fig. 2A) is retrieved to obtain a
waveform name (waveform—designating data) WN(p) and a
calculation mode CM(p), and waveform data coiresponding
to the calculation mode CM(p) is selected out of
waveform data having the waveform name WN(p), and a

25 read address on the RAM 6 (see Fig. 2B) for reading out
the waveform data is set as waveform-designating data
for the assigned channel i (see Fig. 2D). '

In this connection, a plurality of waveform data
having the same waveform name WN(p) can be present.

30 For example, the waveform data WD2' and WD2" are.
obtained by down-sampling the waveform data WD2 as
mentioned before, and therefore have the same waveform
name as that of the waveform data WD2. Thus, if a
plurality of waveform data having the same waveform

35 name are present, one of them is selected, which




i stening problemon the human. For automatic performance, the delay tine

may be |onger, and hence the size of the output buffer O may be nade

| onger. Further, the reading-reproduci ng processing A8&gpr ept085 start ed
at the same timng as generation of the clock signal BC, but may be
started at any timng such as at the |apse of a predeterm ned tine period
after the tine point tBC of generation of the clock signal BC, insofar as
it does not pose any listening problemon the human. 20 Now, description
wi Il be nmade of control processing executed by the CPU 1 of the nusical
tone- generating apparatus constructed as above, wth reference to Figs. 5
to 13. Fig. 5 shows a nmain routine executed by the CPU 25 1. The main
routine is started when the user turns on, a power source of the nusical

t one-generating apparatus (when the program of the software tone generator
is triggered cerrhererd® tthahe CRCHATERPR IPIS M ®plrenented on a genera

pur pose personal conpuyb®éver 3®veing.ifbaspousa M afeceiveifngmi g r upt
processing. This 35 ipterrupt processi LSapX el LM tRetbes bi ghest
priority upon %ﬁﬁ&??iﬂéeo?ad%ﬁ&%?hﬁﬁgbggg%aafﬁroug t he ﬁIDIlinterface 8.
First, the processi mpeot o guaeigun desa geseesRfiing 8 &PEp S11, Teceived

data ig fetcheqd,11Q19eRbEMREEe 280F)2%s prdsthen aton edeeplBl2ithe received
data iS witten  into the input buffer t,he rewith tine
dat a i ndi cati ng hedPr h8°d‘5?ge%%r’? e%ag:iavg{?.l I ﬁo%éﬁ%ﬁér}%%t o e

routi ne of Fig. 5,

first, calculation mode CM(p) (p = 2) is present. This 1is _

. because the user did not prepare the_waveform data
WD1", e.g. by waveform LPF processing (described

10 hereinafter with reference to Fig. 11). In such a
case, waveform data corresponding to the calculation
mode CM(p) cannot be selected, and therefore waveform
data with the same waveform name_WN(p) but
corresponding to a different waveform mode WM is

15 selected, and a desired musical tone signal is
generated by changing the read speed for reading out
the waveform data, i.e. by changing the pitch of the
waveform data, specifically by adjusting the F number
FN. .

20 In the present embodiment, the calculation mode
CM(p) and the waveform mode WM of a waveform suitable
for musical tone generation in the calculation mode
CM(p) are set in a one—~to-one relationship. More
specifically, if the calculation mode CM(p) 1s set to

25 CM(p) = 0, waveform data to which the waveform mode WM
= 0 is allotted is selected. However, the calculation
mode CM(p) and the waveform mode WM are based on
different concepts and do not always correspond to each
other. The present embodiment is merely arranged such

30 that waveform data are generated, of which the waveform
mode WM corresponds to the calculation mode CM(p) .

Referring again to Fig. 7, at a step S24, the
tone color data PDp (tone color data indicated by a
tone color number TC(p), hereinafter referred to) for

35 the part p is processed according to the pitch SP and



5initializations are executed at a step Si, i.e. all the tone-generating
channels are turned off, all the registers are cleareg

readi ng-reproduci ng processing by the DVA controller gsieggnlbﬁf%qoél ized to
be started. Then, it is determned at a step S2 whether 10 or not the

i nput buffer contains received data. If the input buffer does not contain
any received data, the programimedi ately proceeds to a step S4, whereas
if the input buffer contains received data, operations corresponding to
t he received data, such as note-on 15 event processing, note-off event
processi ng and pedal processing are perfornmed at a step S3, followed by
the program proceeding to the step S4. At the step $4, it is determ ned
whet her or not a switch event such as tqpe col or selection has 20

occurred. If no switch event has occurre t he proogram i nmedi atcg
proceeds ‘to a shepcgbeulieigagops gM&RI ¢ 3nd éﬁéntl“hﬁsp688ﬁ?‘?lérﬁll“ep nel

swi tch event pé@@ﬁssfn@né S orRXgetikedto. geg byt selafctthrgaastigmed col or for

each M DI chanpel according.ta s&til 0 Qlez sg[uggt Hoh25 switch
at a step S5, éfﬁa PR n—tthoeg rh(?rr grlﬁtthrgg%e%g@?%%;ecug@e I%he step S6,

a subroutine f@M. toﬁeeg@ﬁeﬁﬂeﬁ &bjeﬁﬁécé&lﬁh@ %WﬁﬁngloﬁsthTB‘Ao%%d 138
herei naf ter d%%“lb'rbagtal ﬁD;@XﬁC lttoe@,reaadtf thié heimotdmingingcesspagst 30 are
executed at a st S7, | owed by i n o the step S2.
Thereafter, the e%'ée e #n%ngepgﬁggdggh%éilc%e ngls:g 7 shows
detail s of the auwiteoddipyeatvolpmuresyiedgPrhPenerat e it SHEYPecBPled dat a

35 prpce33| ngs §xeciied Py rifGust 8P 023 al RohkJcoDor 161 Sapt emper 2003

shown, from being changed according to the calculation

10 mode C(p). Another object of the processing is,
similarly to ordinary electronic musical instruments,
to vary musical tone characteristics including the
shape of the envelope, according to performance
information such as the pitch SP. The tone color

i5 number TC(p) is set by the user, as will be described
with reference to Fig. 8.

Next, note—-on data is written into the tone
generator register at the assigned channel i at a step
s2%, followed by terminating the present routine.

20 Figs. 8 to 11 show routines for executing
various event processings, which are triggered by
depressing respective panel switches by the user. Each
processing is one of the panel switch event processings
executed at the step S5 in Fig. 5. The panel switches

25 may be arranged in the keyboard 2, or alternatively
they may be displayed on the display 3. 1In the latter
case, a cursor is moved by means of an up/down key of
the keyboard 2 or a mouse, not shown, to depress a
desired panel switch.

30 : Fig. 8 shows a routine for selecting a part tone
color, which is executed when a part tone color-
selecting switch of the panel switches, not shown, is
depressed.

First, at a step S$S31, when the user inputs a

35 part number, the part number is stored in the area p,



300 First, at-a step S21, a pitch and a part nunber indicated by the
received note-on data are stored in an area SP (hereinafter the stored
contents thereof will be referred to as "the pitch SPOPeRRAPEH2003 ea p 5
(hereinafter the stored contents thereof will be referred to as "the part
p") preset in the RAM 6, respectively, and at the sanme tine an event
occurrence tine point (received tine point) is stored in an area TM
(hereinafter the contents thereof will be referred 10 to as "the occurrence
time point TM') preset in the RAM 6. Then, at a step S22, tone
generation-assigning processing is performed for determ ning a tone-
generating channel of the tone generator register (Fig. 15 2D) into which
tone color data is to be witten, and thg assigned channel nunber is
stored in an area i (hereinafter the stored. contents thereof wll be
referred to as2Ch¥hg8sFiRets ThamPAtsi @) Long FHLTF JUTOF g B 1723, tone
col or data PDp cc2@rf anmbhe pardtqreldsde Ehgar@d)Td &)r ereisevetintithobtain a

f f . . eld | 8¢ i d
wavef or m name 3&@/% Or@hgeébgé‘aédf% glgmgegv%\%&}e@% dneCakey! & ion node

CM p), and wave m'data corr espondi e cal cul ation node CMp) is
sel ected out ofis kiPePBPHETHERE HARAD G ONBe CRAVET BHTRSARE WN¢ p), and a 25
read address on the RAMxE, (66€e kdlor2BhthoLsr pashantedutt at heepay®?2 or m dat a

is set as wavef orm desi gnat i dat a f e i | +he(see Fig.
2D). In this c&ar)lonréactslpoer?, %écﬁpglfhlatl?e}i/e %l\%\)gvggggmﬂgg%aa%@ﬁig@?na fhe sane
wavef or m nane W@ asderbaupbes et (P30 sSFEEtEkaipt ef Lo e IKQVEF B8F m dat a D2

and W2" are okifd neRA Y qdewnssargd i dri@anayv eh os npfiatax b2 nag
| area within the hard disk of the HDD 4 and loaded into

10 a tone color data area PDp indicated by the part p.
Further, the waveform-designating data WN(p) in the
loaded tone color data is referred to, and it is
determined whether or not waveform data designated by
the data WN(p) and the calculation mode CM(p) is

15 present in the waveform data storage area of Fig. 2B,
If the data is not present, the waveform data stored in
the hard disk of the HDD 4 is read out and loaded into
the waveform data storage area. On this occasion, tone
color data previously set for the part p is saved in a

20 corresponding storage area of the hard disk 4.

Fig. 9 shows a routine for selecting a part
mode, which is executed when a part mode—selectipg
switch, not shown, is depressed,

First, similarly to the step S§31, a part number

25 input by‘the user is stored in the area p, and when the
user inputs a calculation mode, the calculation mode
(an integer out of 0 to 2) is stored in the area CM(p)
in the tone color data area indicated by the part p, at
a step S41.

30 _ Fig. ‘10 shows a routine for selecting a part
waveform, which is executed when a part waveform-
selecting switch, not shown, is depressed.

First, similarly to the step S31, a part number
input by the user is stored in the area p, and when the

35 user inputs a waveform name, the waveform name is



mentioned before, and therefore have the same waveform nanme as that of the
waveform data WD2. Thus, if a plurality of vvaveformqgta hayi ng t he sanme
wavef orm 35 nane are present, one of themis selected, wePEmpe pt enber
2003 31 corresponds to the calculation node CM p). However, even if a
plurality of waveformdata having the sanme waveform nane are present,
there is a case where no waveform data corresponding to the 5 cal cul ation
node CM p) is present. For exanple, in Fig. 2B, no waveform data WDL"
corresponding to the calculation node CMp) (p = 2) is present. This is
because the user did not prepare the waveformdata W1", e.g. by waveform
LPF processing (described 10 hereinafter with reference to Fig. 11). In
such a case, waveform data corresponding,to the cal culation node CM p)
cannot be selected, and therefore waveform data with the sane waveform
name WN(p) but SE6FPEspBrtihRTes ANHPS f &P ehle RS SHOTodetMATEE 15

sel ected, and andeskted wsuteealpatxang,sagnalsta) gfaner at ed by changi ng the

r ead speed for reading, Qyt ﬂ%v%%ggnég%gspdnoqh Xoclggggl ng the pitch

of the waveform data, seC| Ica ustin FN. 20 In
the present enﬁ@&%ﬁ!ﬁlo{lh@%l%@dt |1(§nPﬁﬁﬁére‘tI\7{tp)a &HEP fe2wav¥PB? m node
WM of 8 wavef orgperuirtiabh @y, f @ivdfisinC alatbONfd geMes @by Hien wakefeacul ation

node CMp) are set one-t.0-.0n | at i Shl [ i y, if
the cal cul ati o H6dé p) i mtr]tevec{% &I\/E P%ugvb()fe wfag’r%%%égnt gglt;% whi ch
t he wavef or m notdeong ia @hespmcﬁeeﬁet@dmesi §éPéc%@dtthW/ér int Re cal cul ation

manner taking the calculation mode CM(p) into account, _
and the thus retrieved waveform data is loaded into the
10 waveform data area in the RAM & (see Fig. 2B).

The expression in a manner taking the

calculation mode CM(p) into account™ means as follows:
If a plurality of waveform data with the same waveform
name WN(p) are present, which include waveform data to

15 which is allotted the waveform mode WM corresponding to
the calculation mode CM(p}, only the waveform data with

" the waveform mode WM allotted thereto is selected and

loaded into the waveform data area. In this manner,
the RAM 6 can be efficiently used. Alternatively, all

20 the waveform data having the same waveform name WN(p)
may be loaded into the waveform data area irrespective
of the calculation mode CM(p).

If waveform data with the same waveform name has
already been stored in the waveform data area in the

25 RAM 6, the present processing need not be executed, but
re-~loading of the waveform data does not pose any
problem.

Fig. 11 shows a routine for carrying out
waveform LPF processing, which is executed when a

30 waveform LPF switch, not shown, is depressed.

First, when the user inputs a waveform to be
processed and contents of processing for the waveform,
the waveform data to be processed is retrieved from the
waveform data area of the RAM 6 at a step 561. If the

35 waveform data to be processed cannot be retrieved, it



node CM p) and the waveform node WM are based on different concepts and do
not al ways correspond to each other. The present enbadi ment is_nerely
arranged such 30 that waveform data are generated, of RferiemPRE2Q03 ef or m
node WM corresponds to the cal culation node CMp). Referring again to Fig.
7, at a step S24, the tone color data PDp (tone color data indicated by a
tone col or nunber TC(p), hereinafter referred to) for 35 the part pis
processed according to the pitch SP and 10 Septenber 2003 32 the

cal cul ation node CMp), and set in a predetermined area of the tone
generator register of the assigned channel i together with the event
occurrence tinme point TM One of the objects of the processing of the tone
5 color data PDp is to prevent the time changi ng shape of volume envel ope

generator (EG control data for _controlling a \(fol urTE gnve ope, gener at or,
not shown, andistReLEHRLHSt LM GHENETORR A tEHETSF 0P 2RI Te?- *hot” shown,
from bei ng changedhacdotding .t o Thhecoatent atdOrehk) prodes€ipy. Anot her

obj ect Of the PhEFGas! ihds qr Holhl3hhy1 Ly Ol DAIBEEGLEGL OBk is] Cal

instruments, o vary nusical tone characteristics including the shape of
the envel ope, BREcdiBiHEIto performance information such as the pitch SP.
The tope col or 15 nunprén,TQ)id slesetrmbyetihet userterasSoR Whebbedescri bed

with reference g Fhg. \Byofloal alal €103 98L2:dPednddriasNEO1bB8 ¢ One
generator register a the assigned channel 1 at a step S25, followed by
terninating theestésentorbatyereatzgily geadgovh- 1115HAE MGYELREE for

executing vari Qia% 6488t REOCESHAGS anjhilebpasect 1dggerad ymiting
processing is executed at a step $63. Then, down-

10 sampling is executed at a step 564 to complete the
waveform, followed by storing the thus completed
waveform in the waveform data area in the RAM 6 at a
step S65. The band limiting processing is employed in
order to prevent mixing of aliasing noises in the

15 stored waveform data, which will occur if down—-sampling
is executed to store the waveform data as it is without

" execution of the band limiting processing. Therefore,
band limiting processing should be effected to such an
extent as avoid occurrence of aliasing noises by the

20 down~sampling. A frequency band to be limited is set
by the user at the step S61.

Referring next to Figs. 12A to 12D, the
processings at the steps $63 and S64 will be explained.
In the figures, the abscissa represents the frequency,

25 and the ordinate the level. Fig. 12A shows an example
of frequency spectrum of a waveform (waveform name:
PIANO. 0) before the waveform LPF processing, 1.e. a
frequency spectrum of an original waveform which has
been sampled at a predetermined recording sampling

30 fregquency Fs for calculating musical tone waveform data
at the equivalent sampling frequency of 48 kHz
(waveform mode WM = 0). Fig. 12B shows a frequency
spectrum of a waveform obtained after subjecting the
waveform of Fig. 12A to band limiting processing. Fig.

35 12C shows a frequency spectrum of a waveform which is




depressing respective panel switches by the user. Each processing is one
of the panel switch event processings executed at the step S5 in Fig. 5.
The panel switches 25 may be arranged in the keyboard19Seplembet 203at i vel y
they may be displayed on the display 3. In the latter case, a cursor is
noved by neans of an up/down key of the keyboard 2 or a nouse, not shown,
to depress a desired panel switch. 30 Fig.'8 shows a routine for selecting
a part tone color, which is executed when a part tone color- selecting
switch of the panel swi tches, not shown, is depressed. First, at a step
S31, when the user inputs a 35 part nunber, the part nunber is stored in
the area p, 10 Septenber 2003 5 33 and when the user inputs a tone col or
nunber, the tone color nunber is storedagn an area TC(p) preset in the
RAM 6. The tone_co] or. numbher stored: i e .ar - js t :
above-nentioneﬂb%%%ﬁ§%x)iﬂgoﬁﬁn%g?ﬁg{f£fﬁniﬁ§?égfgﬁégﬁOT%f'Jg$géfsaprepared
at a step S32. fraeenapddif tdapbyof tohre oIUmedarECPRALRAU Y "Fhe tone

col or nunber TELRYudscy elidrevadchl 801dy ghiraf toheneacetern dixta St or ed
beforehand in a pre '

determned, area.within the har S f the HDD 4 and
l'oaded into 102k F%?\ee%‘b‘tvc?p‘ed‘gt 5%?%%“%[%@%“0%“0‘% éjg g?/ F%g part p.
Furthef, the wdvefeformnesidma®s rgldlat af Y8 p)20 rFhiave 2 a6 She col or data
is referred.togyapdrih &6 a delveEBi-Redp¥hehberprsuidleceansgl ohen dat a
desi gnat ed by Fhe data WN(p ﬁ%q t he ﬁalcula%lonlggdergygggiﬁé 15 present
in the wavef or Heys£ar8tof aréy &P ERg. W2ETOrN P S

_ i.e. band limiting processing, and then down-sampling

the resulting waveform data at a frequency 1/2 times of
10 the recording sampling frequency, for calculating

musical tone waveform data at the equivalent sampling

frequency of 12 kHz (waveform mode WM = 2). The down-

sampling in Fig. 12C is, as described hereinabove with
reference to Fig. 12B, executed by skipping every other
15 sample of the waveform data of Fig. 12B. Similarly,
the down—sampling in Fig. 12D is executed by skipping
"~ every other sample of the waveform data of Fig. 12C
after execution of the band limiting process}ng.
Therefore, according to the present embodiment, the
20 down-sampling can be effected only at a frequency which
is 270 times (n: a positive integer) of the recording
sampling frequency of the original waveform. However,
by simultaneously executing the processings at the
steps $63 and $64, it is possible to perform the down-—
25 sampling at a frequency which is an arbitrary multiple
of the sampling frequency of the original waveform,
Referring again to Fig. 11, if it is determined
at the step S62 that the retrieved waveform data has a
loop section, the waveform is developed into a waveform
30 having an attack section and several repetitions of the
ioop section connected to the attack section, at a step
S66. Then, the developed waveform data is subjected to
a band limit processing at a step S67, followed by
down-sampling the band-limited data at a step S68.

35 Then, a new attack section and a new loop section are



If-the data is not present, the waveformdata stored in the hard disk of
the HDD 4 is read out and |oaded into the maveforn1dgb % ra&g}grea. On
this occasion, tone <color data previously set for th %?P aved in a
20 correspondi ng storage area of the hard disk 4. Fig. 9 shoms a routine
for selecting a part node, which is executed when a part node-sel ecting
swtch, not shown, is depressed. First, simlarly to the step S31, a part
nunber 25 input by the user is stored in the area p, and when the 30 user

i nputs a cal cul ati on node, the calculation node (an integer out of 0 to 2)
Is stored in the area CMp) 1in the tone color data area indicated by the
part p, at a step S41. Fig.-10 shows a routine for selecting a part

wavef orm which is executed when a part vef orm selecting swi tch, not
shown, is depressed. First, simlarly t.he step t _nunber input
by the user isSEPBFateHh THe odfedTp™ %ﬂ%‘%H&thﬁgrggeﬂsﬁﬁv$£ﬂﬁﬂs a wavef orm
name, the wavefiarm aane st G6eSephedbarw803> 13 isstompdeted themr ea WN( p)
in the tone colgg Qg%éfglirr@adae ndngabedeby dhe, @%rerpd@matsﬁnﬁaeﬂy551 Next,

wavef orm data correspon g%i Feulation i prepared at a
step S52. Nbret°5t§§e§F?P 5y,TW&V@FBF%?%&R%F|QEMQP§t§HeB§ the ef orm
name WA(p) is meBriaevethé ramd he ghosp of viewefteins daBaandt®s ed 1he t he
predet er m ned UL Ohngﬁge?#gq %e%%rﬁ hg@geﬁr a kg hg gakgul ati on node

CMp) into accoun his Fetriev waveform data Is | oaded into:
t he subjected to the above processing is as follows: 1In

waveform data which has an attack section and a loop
section, the loop section is formed by a small number

10 of samples, and therefore a high-order low pass filter
cannot be used to directly subject the original

waveform to the band-limiting prbcessing, whereby a

satisfactory band attenuation characteristic cannot be
obtained. The above described processing method

15 enables the use of a high-order low pass filter even
for waveform data having a loop section, to thereby.
achieve LPF processing with reduced noises.

Figs. 13A and 13B show details of the tone

generator processing executed at the stép 56 ip Fig. 5.

20 First, at a step S$81 in Fig. 13A, the contents
in the tone generator register (Fig. 2D) are checked to
determine whether or not new data has been written into
the register, at a step S$82. If no new data has been
written, the program immediately proceeds to a step

25 SB4. On the other hand, if new data has been written,
tone generator control-preparing processing for a tone-
generating channel into which the new data has been
written is executed at a step S83. More specifically,
the tone generator control-preparing processing

30 includes converting data in a tone—generating channel i
{into which data has been newly written) into various
control data- for actual waveform calculation, and
setting the first read address for reading out waveform
data corresponding to the data in the channel ji.

35 At the following step S84, calculation timing



10- waveform data area in the RAM 6 (see Fig. 2B). The expressi onin a
manner taking the calculation node CMp) into account fol | ows:
If a plurality of waveform data with the sane wavef or i %9\?\? are
present, which include waveformdata to 15 which is aIIotted t he wavef orm
node WM corresponding to the calcul ation node CMp), only the waveform
data with the waveform node WM allotted thereto is selected and | oaded
into the waveformdata area. In this manner, the RAM 6 can be efficiently
used. Alternatively, all 20 the waveform data having the same wavef orm name
WN(p) nmay be | oaded into the waveform data area irrespective of the

cal cul ation node CMp). If waveformdata with the sane waveform nane has
al ready been stored in the waveform data aarea in the 25 RAM 6, the present
processing nee%oﬂ%obelgwl% of&t&t éﬁeépﬁﬁémpf at BemyRyefoF m data does
not pose any problem Fig shows routi ne for carryi gafout wavef orm

LPF processi ng St@AFERTi Ee%‘%Je‘b‘%toefd "‘W(&ﬁoém A NG Y PERHFE ch, not shown,
is depressed. Hepsbdunhtontie segertd aptiise apoaveft@im(Fdgbed) pfocessed and
contents of prqgesgh e EQTcd NE 1Y 0l e sb R yRMETQY 'E‘edQ'EﬁrB@u@@d processed

is retrieved fromt e  waveformdata area of the RAM 6 at a step S61. If
the 35 wavef or MeFat 4108 ba PR s IBPreInhbEt pERYEIFT e P@d2 FEC10 Sept enber
2003 5 35 is reimiiawedsiyoreddeargt aeprefiuvead ef brimdatiatetrenpdiom the hard

disk 4. The contents oL LRg.pIPGPISIAG: (bAS UdS Kifds: @) dowe-gagpling and

a frequency ban
follow1ng step S85, it is determined whether or not the

calculation—-starting time point tBC has been reacﬁed,
10 and if not, the program is immediately terminated.

When the calculation-starting time point has
been reached, channel control is first carried out to
determine a sequence of calculations and a channel to
be stopped from generating a musical tone, according to

15 musical tones to be produced by respective channels
(step 886). The calculation sequence is determined in

- order to carry out calculation for channels for

generating musical tones of higher degrees of
importance earlier in case that all the calculations

20 cannot be completed by the time they should be
completed (i.e. the calculaﬁions are stopped
immediately when the time is reached). Then, the data
prepared at the step S83 are developed on the time axis
to prepare for waveform calculations (step S87). Then,

25 at a step S88, the number of a tone—generating channel
having the first calculation order is set to the
parameter i.

At a step S89 in Fig. 13B, the value of the

calculation mode CM(i) is determined, and if CM(i) = 0O
30 holds, musical tone waveform data for 128 samples for
the channel i is generated and added to data in the
buffer 0 at a step S90. If CM(i) = 1 holds, musical
tone waveform data for 64 samples for the channel i is
generated and added to data in the buffer 1 at a step
35 $91. If CM(i) = 2 holds, musical tone waveform data



be limted. Then, it is determined at a step S62 whether or not the

waveform data thus retrieved contains a |oop section be re edly read
out. If the waveform data does not contain any |oop é@%ﬁ’%ﬁ‘beggﬁé limting

processing is executed at a step $63. Then, down 10 sanpling is executed
at'a step S64 to conplete the waveform followed by storing the thus
conpleted waveformin the waveformdata area in the RAM6 at a step S65.
The band limting processing is enployed in order to prevent m xing of
aliasing noises in the 15 stored waveformdata, which will occur if
down-sanmpling is executed to store the waveformdata as it is w thout
execution of the band Iimting processing. Therefore, band limting
processi ng should be effected to such ansgextent as avoid occurrence of

al i asi ng noi seg_hy,;4h TS | LROnnd) fir eQUeReY -REBd 4@ heidddrited is
set by the us%?ga 5t%‘lerglglteep\q%()fl‘.ilﬁ%e er rri1 ng 'l'next %to E 0 12D, the

1gs. 12A t
processi ngs at tPheateephs 953 bufdes6d aF1¢ PeERxplai néph.g PIRCEHE H9%ur es,
t he absci ssa rgpr eagnisephesdo eguencycadb @ ridre aosdimpdteadfetiavel . Fig.
124 Shows an examples ool {LLAURNGY (SPEALT HIROTiA iRV RLOLELLURYSLPr M Nane:
Pl ANO. 0) bef oPé {*h& Waveform processing, i.e. a_frequen spect rum of
an ori§inal mav@ﬁ@ﬁﬁmthE¢F$ﬁ%Falﬁébnt§8n§¢%ﬁF%ﬁnz%ﬁaﬁé&@Fégﬁiﬁg%e?ecording
sanpling 30 freydeneYohSof Ofom@idiulodt uPaatisd Cal rdaaheddaestor m data at the
equi val ent sanpling frequency of 48 kHz e d =40}. Fig. 12%
shows a frequemr%§8883?ﬁ?n %? tg‘e\/v%vé"r%n%)%@gﬁya%%e? a tg:rh%gjle%ti ng the
wavef or m of Fi glsek?2&igo BBhd téadinq@ngr sobssPatpt oy 0B35a¥eECRons a

frequency spectyy1Qf sarWeustLLPIMUGHY kS the read address, read out

0 from the waveform data storage area shown in Fig. 2B,
and then tone color and volume envelope processing of
the interpolated waveform samples to obtain musical
tone waveform samples. The above described processings
are repeatedly performed for each sample of the musical

15 tone waveform data generated by one generation
processing. For example, for the channel i having the
calculation mode CM(i) = 0, the above processings are
repeatedly performed until 128 musical tone waveform
samples are obtained. The waveform data which is read

20 out is waveform data designated by the waveform-
designating data. The waveform data is selected and
designated according to the waveform name WN(p) of the
part é!to which a musical tone being generated through
the tone—generating channel i belongs, and the

25 calculation mode CM(i). If the recording sampling
frequency of the waveform data used for a currently
generated musical tone signal does not correspond to
the calculation mode (eguivalent sampling frequency)
set for the channel i, the F number FN value is

30 corrected by the latter term of the equation (1) for
éalculating the F number FN. This correction is made
in order to ensure generation of a musical tone at the
designated pitch. For details of the processing at the
steps $90 to 92, reference should be made to the

35 specification and Fig. 13 of Japanese Patent




10 Sept enber 2003 36 obtained by down-sanpling the maveforn1of Fig. 12B at
a frequency 1/2 times of the original recording sanphlgg req cy, for
cal cul ating nusical tone waveformdata at the equivalg &ﬁ@
frequency of 24 kHz 5 (waveform node WM = 1). Fig. 12D shoms a frequency
spectrum of a waveform obtai ned by subjecting the waveformof Fig. 12C to
t he waveform LPF processing, i.e. band |lim.ting processing, and then
down-sampling the resulting waveformdata at a frequency 1/2 tinmes of 10
the recording sanmpling frequency, for calculating nmnusical tone waveform
data at the equivalent sanpling frequency of 12 kHz (waveform node WM =
2). The down- sanpling in Fig. 12C is, as described herei nabove with
reference to Fig. 12B, executed by skippifg every other 15 sanple of the
wavef orm data Qqf H 12B...Sim | d S |4i in Fig. 12D is
execut ed by sk?%f’ gaté35r§°o?%§%h EES? Qﬁfbmggglg?%ldata of Fig. 12C
af ter executlcniQﬂTrFﬁﬁonHGGIﬁan|$ngPBFGBES§PRblcatHW§YéF&F@ J4&¥ording to
t he present enhg9|q@@%9 t he 20 down- sanpllng can be effected only at a
frequency which 1is 2-n tines, Qsi tiv e di ng
sanpl i ng” frequency ofAtheﬁ?flé . h%é%ﬁ? ng F%ggg 12 dﬁye g?#u %g%eously
execut isng t he Fﬁ(Nayﬁipmgsmadetwhmxﬁsﬂép§US63béﬁdf$64thqtdQ%§gﬁé§§?ble to

perform the dovgy12%192ABhI RYadli S x{dtechlé.ﬂ_@%}‘.e\ahl ¢h is sosanettary multiple
of the sampling fre uenc e ori |n wavef o Fegerrlng again to

Fig. 11, if it 9 U&E M ﬁéﬂaitt?%% °§§Zsﬁﬁgie?he rettieved wavef orm
dat a has a | oopesiptated, pthehwel efrorany sadevékroped Mde P¥avef orm 30

havi ng an‘attacgbfggggfy% and sexehad - rpet id@Rerof iEhehe ¢ number

10 FN assumes a value largely different from a reference

value "1" thereof due to the correction, etc., the
resulting generated musical tone can have a degraded
quality. For example, when the F number FN for the
channel is corrected to a very large value due to the

15 correction (e.g. FN > 2), high frequency band
components of waveform data read out from the waveform
data storage area excéeds half of the equivalent
sampling frequency, causing generation of aliasing
noises in waveform samples obtained by the

20 interpolation. Conversely, if the F number FN is
corrected to a very small value due to the correction -
(e.g. FN < 0.5), waveform samples obtained by
interpolation contain only higher harmonic frequency
components lower than 1/4 times of the equivalent

25 sampling fregquency, failing to obtain a guality
corresponding to the time density set for the channel
for generating musical tone waveform samples.
Therefore, in designating waveform data by waveform-
designating data to be read out for generating musical

30 - tones through each channel i, it is desirable to select
Qaveform data with a waveform mode allotted thereto,
which is suitable for the calculation mode CM (i) for
the each channel, e.g. waveform data with WM = 1 if CM
= 1,

35 Referring again to Fig. 13B, it is determined at



| oop section connected to the attack section, at a step S66. Then, the
devel oped waveformdata is subjected to a band Iimt proces t a step
S67, followed by down-sanpling the band-linited data’ ﬁ§eﬁe§$ 8. 35
Then, a new attack section and a new | oop section are 10 Septenber 2003 37
separately cut "off fromthe thus generated waveform data at a step S69,
and a waveformis conpleted from the waveform data and stored at a step
S70, simlarly to the step S65. 'The processings at the steps S67 and 5
S68 are the sane as those at the steps S63 and 64. The reason why the
wavef orm having a | oop section is subjected to the above processing is as
follows: In waveformdata which has an attack section and a | oop section,
the loop section is formed by a small nunber 10 of sanples, and therefore a

hi gh- order | ow pass f||%1 cannot be used to direc lX rpgect 8$e origi na
waveformto thé& BRRE-F7i'tISHepr ©5cBLEi W M8y C8208at i %14ty band
attenuati on chaeatt ehastel, ciarnotvhbehe obtaimed caTkelabdves descri bed
processing net b,g@eﬁénﬁélap&esaﬁh%hesehgan@mlgalauqrr@ar fl:?‘é%@ﬁé§a€ix{ er even

for waveform data having a | oop section erefy ieve LP
sk

processing wit ﬁ‘uﬁéaﬁéeﬁo?ﬁ §?§’e BRGE. CPRRLEHRE 138 Fs HBWLHRTR T9F A% he tone
genera$or.proce&anngledﬁc¢ﬁ&nheﬂs &hmasheptd%bartd%qglaﬁed 20hé&irst, at a
step 581 17 7 Gund@t: of NEL SO &8 bOCcA ONA AREHALYT LRI 2L e Fi 9. 2D)

are checked to term ne er or not new data has been witten into

the register, &c &hst 6}33198‘21 _JLfatn@ FEFPAAP Y het et Pyr LR eRTCYFR pr ogr am

i medi ately praoeteadsih oSt 2=pS849, Ontd henaddgr deprdtedfiynew data has

been witten, . . ute the processing. On the other hand, if waveform

10 calculations have been completed for all the channels,
the program proceeds to a step S95.

At the step S95, as previously described with
reference to Fig. 3, 64 musical tone waveform samples
generated in the buffer 1 and 32 musical tone waveform

i5 samples generated in the buffer 2 are interpolated
(oversampled), and respective 128 musical tone waveform

" data samples thus obtained are stored in the buffers 1°

and 2' as musical tone waveform data. Then, at a step
$96, 128 musical tone waveform samples obtained by

20 adding together respective 128 musical tone waveform
samples in the buffers 0, 1' and 2' are stored in the
buffer 0.

At the following step S97, the musical tone

waveform data thus stored in the buffer 0 is subjected
25 to reverberation processing to impart a reverberation
effect to the data, and then at a step 598,
reproduction of the 128 musical tone waveform samples
in the buffer 0 is reserved with the reproduction area,
followed by terminating the present tone generator
30 processing.

As described hereinabove, according to the
present embodiment, a plurality of calculation modes
are provided for calculating musical tone waveform data
to generate musical tones, and the user can freely

35 select a desired calculation mode, and therefore the



tone generator control -preparing processing for a tone- generating channel
into which the new data has been witten is executed ﬁt a [srﬁ?ep%@? Mor e
specifically, the tone generator control-preparing pr SeRte § i ncl udes
converting data in a tone-generating channel i (into which data has been
newly witten) into various control data-for actual waveform cal cul ation,
and setting the first read address for reading out waveform data
corresponding to the data in the channel i. 35 At the foll ow ng step S84,
cal culation timng 10 Septenber 2003 38 <control is carried out.
Specifically, a timng for starting reading of waveformdata currently
under reproduction is set to a tine point tBC (Fig. 4) for starting

cal cul ation of waveformdata to. be reprqgguced 5 next tine in such a manner
that waveformdata are continyously read and rep ?\oduced WlthOcth

i nterruption Htsefh‘éa?e?)‘?loedffctellﬁﬁ‘eﬁl BARCTDVR CBrtPoPPet 8552 A t he

fol | owi ng st epn88beri of i susletadr monedawhegdrerragrednor ehwode in which

cal cul ation- sta&%aegﬁtw@emm JE-Dasa bearh ea08R0quaRiapd if not, the
programis inmmediately terninate he cal cul atlon S artlng time

poi nt has beeﬁ‘eipéaéhéﬂ OR Helh AU re8Aer 8f 3 9% usdSAti E8PBut to  deternine
a sequence of @&lnebth&ﬁ.bﬂns and a channel to be stopped fromgenerating a
musical tone, accordi fgrtRer 1% €aL LOIERIANE RdUaRTDYsdespect | ve
channel s (step S86). & cafcul'ation sequence Is determned in order to
carry out cal cdioa eaRbf B?‘r‘éhalﬁ#e‘i@lf spnegehef dtishdarisPe¥t"¥ofes of hi gher
degrees of inperg@rceiedehify dfifdpdseahhpt Gddeddimccalictl athogs 20 cannot

be conpl eted by tqlty,n%otpﬁgrégungdgbgglmaking the most of the

10 limited processing capacity of the musical tone-

generating apparatus.
Furthermore, waveform data with a low recording
sampling frequency for a calculation mode (mode 1 or 2}
for generating musical tones with a low guality can be
i5 prepared by LPF processing from waveform data with a
high recording sampling frequency for a calculation
" mode (mode 0) for generating musical tones with a high
quality. Fﬁfther, Qaveform data can be selected out of
the thus generated waveform data according to the
20 calculation mode selected by the user, to theréby
' generate musical tones. As -a result, for example, when
musical tones are generated through a channel where
calculation is made at a low equivalent sampling
frequency, a waveform having the same tone color as
25 that of a musical tone calculated at a high equivalent
sampling frequency can be generated without generating
aliasing noises though it has a slightly degraded
quality.
Still further, waveform data is automatically
30 selected according to the calculation mode selected by
the user, and therefore in a channel for generating
musical tones at a high equivalent sampling frequency,
waveform data with a high recording sampling frequency
and having frequency components over a broad band can

35 be processed, while in a channel for generating musical



25 30 35 completed (i.e. the calculations are stopped immedi ately when the
time is reached). Then, the data prepared at the step S83 are devel oped on
the tine axis to prepare for waveform cal cul ati ons (§9§6pt§8’?’?fzeﬂg‘en, at a
step S88, the nunber of a tone-generating channel having the first

calculation order is set to the parameter i. At a step S89 in Fig. 13B,
the value of the calculation node CMi) is determned, and if CMi) =0
hol ds, nusical tone waveformdata for 128 sanples for the channel i is
generated and added to data in the buffer O at a step S90. If CMi) =1
hol ds, nusical tone waveformdata for 64 sanples for the channel i is
generated and added to data in the buffer 1 at a step S91. If CMi) = 2
hol ds, nusical tone waveform data 10 Septenber 2003 39 for 32 sanples for

the channel i is generated and added to4§at.a in the buffer 2 at a step
S92. The procet8hfgsat st kdte SSPAFaLenD ST % 4AFWLAHot AV STt e
addition of nustgakitwne dal ackortihfgdedmpling Freegrenespandi mgvinduf f er .
Specifically, the addition is effected after [ control of
updating a read 53dFes% Tt r(_jrnéeélﬁgnaivﬁﬁ olg?]ﬁremg)gﬁa& ec(ra?lF%Ef or each channel
i (see Fig. 2Dyoceeaeiing Brid imakespsF avtpecd?Sar ¢ CRANg8npl e dat a

correspondi ng RstBRat el MY ESerbeAdi AUEhd OcddeOrBdive wavef orm dat a
storage area shown in_Fi

processing of the i nf‘%?%%‘?%i%ed:% 312 gg%séﬁﬁg “égcl’ %meﬁga?éﬁle#fungi gg?/el ope
: calculation mode CM(p) for calculating a smaller number
of samples is selected, if no waveform data having the
waveform mode WM corresponding to the selected

10 calculation mode CM(p) is present, waveform data with a
waveform mode WM corresponding to a calculation mode
CM(p) different from the selected one is selected to
generate a musical tone signal based on the selected
waveform data. However, this is not limitative. It

15 may be so arranged that it is automatically detected

' whether or not waveform data with a waveform mode
" corresponding to the selected calculation mode CM({p) is
present, and if no data is present, fhe waveform LPF
processing of Fig. 11 is automatically executed to

20 preparé waveform data with a waveform mode
corresponding to the selected calculation mode CM(p),
whereby a musical tone signal is generated based on the
thus prepared waveform data.

Further, according to the present embodiment,

25 the waveform data WDbn (n = 1, 2, ...) is subjected to
the waveform LPF processing, to thereby obtain waveform
data WDn' and WDn" with lower recording sampling
frequencies, but this is not limitative. The waveform
data WDn may be subijected to a processing other than

30 the waveform LPF processing. For example, musical
tones may be first recorded at low recording sampling
frequencies to directly obtain waveform data WDn' and
WDn". Further, not only the waveform data WDn but also
the waveform data WDn' and WDn" can be stored in the

35 hard disk 4. Then, the waveform data WDn' and WDn" can




tone waveform sanpl es. The above descri bed processings are repeatedly
performed for each sanple of the nmusical 15 tone waveform data nerated by
one generation processing. For exanple, for the chanﬁ@ﬁ%ﬂﬁﬁﬁﬁfgﬁmthe

cal culation node CMi) = 0, the above processings are repeatedly perforned
until 128 nusical tone waveform sanples are obtained. The waveform data
which is read 20 out is waveform data designated by the waveform
designating data. The waveformdata is sel ected and designated according
to the waveform name WN(p) of the part p to which a nusical tone being
generated through the tone-generating channel i bel ongs, and the 25

cal culation node CMi). If the recording sanpling frequency of the
wavef orm data used for a currently generated nusical tone signal does not
correspond to the cal cul ati on node_ (equival ent sanpling frequenc set
for the channelP$ SHIRETEYnERBRrOHN REMUENPs P35 cot Flact Wy HiReR Pétter term
of the equati oré (withomt egatctimfitiy tWaereFommnber ﬁ%bcéﬁnxhgcorrectlon IS

made i order Lo ensunenERer Al PhAl AuTThEShy  RAE hetie cafieplonat ed

pitch. For details of th ocess at the steps erence
shoul d be nade %%ﬁ%qﬁ§d3§°§p669¥lﬁﬁﬁﬁ(ﬂ?99ﬂ§1Fﬂgt°lgh%feWRﬂﬁﬂm§ﬂ§ Pat ent 10
Sept enser 2003 #is A@pmauuﬁmt&&ve? 194923 nbickied1dpl yhd ZLaiklRQation

(correspondi ng &o ﬁgy %atgﬂ£ A&P"%ﬁFlona%hggdo%gLy 1£Uré£ ga)mﬁsch is

descri bed hereina ove even Wavel orm 8 Wavefrm o
suitable for th@im%a@ééh ganerdte inrsingde tosepofosettsdde it is

possible to genergt adBeraGaly tenenyaxeiidd) $aBheSeet . tder masiegat ed
pitch SP in any calc%_atlon node, by

10 Next, a second embodiment of the invention will
be described hereinbelow. The second embodiment

employs hardware (Fig. 1) and basic musical tone-
generating processing (Fig. 4) substantially identical
with those of the first embodiment, except that the

15 contents of control processing executed by the CPU 1
and formats of musical tone control data used therefor
are different from those in the first embodiment.

Figs. 14A to 14E show formats of tone color data
and waveform data stored in the RAM 6 and data stered

20 in the input buffer and the tone generator register
preset on the RAM 6.

Referring first to Fig. 14A, there is shown a
format of the tone color. data register in which tone
color data from which a calculation mode CM(p),

25 described with reference to Fig. 2A, is omitted, are
stored.

Fig. 14B shows a format of a sample buffer WB.
Fig. 1l4E shows a format of a sample buffer OB which
corresponds to the buffer 0 in Fig. 3.

30 ‘ The buffers WB and OB are each provided with a
waveform data storage area for 128 musical tone
waveform samples (WSD1 to WSD128 and OD1 to 0D128,
respectively. The output buffer OB stores waveform
data obtained by sequentially adding together musical

35 tone waveform data for 32 tone-generating channels. A



correcting the F nunber FN. However, if the F nunber 10 FN assunes a val ue
|largely different froma reference value "1" thereof due to the
correction, etc., the resulting generated nusical torl8SeRiembaye003 degr aded
quality. For exanple, when the F nunber FN for the <channel is corrected to
a very large value due to the 15 correction (e.g. FN > 2), high frequency
band conponents of waveformdata read out fromthe waveform data storage
area exceeds half of the equivalent sanpling frequency, causing generation
of aliasing noises in waveform sanples obtained by the 20 interpol ation.
Conversely, if the F'nunber FNis corrected to a very small value due to
the correction (e.g. FN < 0.5), waveform sanpl es obtai ned by

i nterpolation contain only higher harnonig¢ frequency conponents |ower than
1/4 times of the_equival ent 25 sanpling frequency, failing to obtain a
quality correSBORBFALD athaavpiergedei i ssteFdrdt RBE cMannel  for

gener ati ng nuskeabulanengva\esf camplaspkes. rephftereftdba, oivar dest gmat i ng

vavef orm data By BYCLOLES 5% A0ALENg daE Al RS Laadl SHladol, gaperating
musi cal 30 tones through edch channel 1, 1t I's desirable to_select

vavef or m dat a WePRahipgvetorsamtodalsrlatier ftertdeomaxiiipRh3ts suitable for
t he cch]chI ati oenamdel €M 9. faannkehe eaeheghBnnRied Eof. swei@gmddat awth
W=1if CM1 3 r again.to Fi if.s_det ined at 10
Sept enber 2003 2F égrﬁgeﬁpﬁ%@%%@t A5bPet! fayetiin (%rtraerfn:grcﬁéglnel i is the

| ast channel , icharngheted Wre mottpodl bufer o asfcurwdesrsr AgWfor all the
channel s requi re&ef8rnI@MEL dtdN®ne channel to the waveform data

already stored therein, whenever the new waveform data

10 for one channel is calculated. In this connection, the

time period corresponding to one frame is equal to a

time interval between adjacent clock occurrence time
points shown in Fig. 4C éccording to the first
embodiment .

15 Fig. 14C shows a format of the input buffer,
which is identical with the format of the input buffer

" in Fig. 2C, description -of which is omitted.
Fig. 14D shows a format of the tone generator

register which corresponds to the tone generator

20 register of Fig. 2D in the first embodiment. The tone
generator register of Fig, 14D is different from the
tone generator register of Fig. 2D in that it stores a
note number in place of the pitch PS and the F number
FN in Fig. 2D, has omitted therefrom the area for the

25 calculation mode CM(p) in Fig. 2D, and contains an area
for storing data CD1 to CD6, referred to hereinafter.
Except for these, the tone generator register of the
present embodiment is identical with that of the first
embodiment, and therefore description thereof is

30 omitted.

Fig. 15 shows an example of the arrangement of a

control panel view displayed on the display 3 when a
main routine of Fig. 16, referred to hereinafter, is
triggered. The view is displaved on part of the

35 display screen of the display 3 in a so-called window



nmusi cal tones have been conpleted. If waveformfor any 5 channel or
channel s remains to be cal cul ated, the nunber of the channel to be
calculated next time is set to the channel i at a stdpSspembe?d08wed by
the program returning to the step S89, to thereby repeatedly execute the
processing. On the other hand, if waveform 10 cal cul ati ons have been
conpleted for all the channels, the program proceeds to a step 595. At the
step S95, as previously described with reference to Fig. 3,. 64 nusical
tone waveform sanples generated in the buffer 1 and 32 nusical tone
wavef orm 15 sanpl es generated in the buffer 2 are interpol ated
(oversanpl ed), and respective 128 nusical tone waveform data sanples thus
obtained are stored in the buffers 1' a 2' as nusical tone waveform
data. Then, at a step 596, 128 nusical t'Oone waveform sanpl es obtained by
20 addi ng t ogefprpal espacttibpe cORBrod Al VdRE - WG EFOY Pn AT AYes in the
bufferﬁ 0, 1 %&%nﬁrﬁéh?*rﬁﬂgsa, t,hechllmﬁnfgea gIDAtm&ﬁﬂ%él?PlQV\ﬁamg step
597, the nusic ton vefqrmdata. t stored, in_the bu s
subj ected 25 F&°r %é??%ﬁéﬁﬁp RYproe %%ﬁt%;%(?q %Bgffpgp?%%%ﬁb Pati on ef f ect
to the data, amdtthen disrdlast ¢pcs98n 34 epr cHwdtirdnfoltene (AP usi cal tone
wavef of m sanpl geteifg tdes P declibs §€salvedreckh (Ehe) reprotiugction area,
followed by term ngtl ng t he r%sent tone, e&g at or 30 Bégﬁ_ess{j_tn.q_‘. As
descri bed her ePHEBOTE, ea%tc’d?lgis’ g PoStHR lrg-’r S B odPRERT S Plral ity of
cal cul ati on nodésplayesgrioiarded ,f er mgaimwh ataney aensireaing opeanprdef or m dat a
to generate wghﬁs!ert@@@ﬁy-@é&itn@ﬁd%siaf%éaﬁﬂ Be35aselestnergesired

e, e

cal cutation no and therefore t ] _ \ .
sounded channel number display section 392, a duty ratio

10 display section 40, and a sound level display section
41. PFurther, wvarious key switches are arranged,
including a cursor (CURSOR) key 42, a value (VALUE)
switch 43, a duty ratio (DUTY) switch 44, and a reset
(RESET) switch 45. A portion 32 with shaded background

15 indicates that the cursor is placed thereon.

The MIDI monitor 31 lights up a lamp
' corresponding to a MIDI channel which has received or
delivered data. An LFO (lbw frequency oscillator)
which is displayed by the LFO on/off display section 33

20 imparts a wavy effect like vibrato to a musical tone to
be generated. On/off switching of the LFO can be
carried out by moving the cursor 32 on the display
section 33 by means of the cursor key 42 and operating
the value switch 43. Functions displayed by the other

25 display sections 34 to 38 can be switched on or off in
the same manner as above.

The interpolation-setting display section 34
displays which interpolation method has been selected.
More specifically, when the sampling frequency of

30 waveform data in a waveform table {corresponding to the
waveform data storage area of Fig. 2B in the first
embodiment) in the RAM 6 is shifted according to the
sampling frequency of a musical tone to be generated, a
read address for reading out the waveform data can have

35 a fraction part. The interpolation-setting display



10 Septenmber 2003 42 wuser can select either a node in which an increased
nunber of nusical tone are generated or a nobde in which nusical tones are
generated with a high quality, depending on the purpd8Sepembse2®B nusi cal
tone 5 generation. Further, since the cal culation node can be set for each
part, nusical tones for the part having a larger listening effect can be
generated with a high quality, to thereby enable making the nost of the 10
limted processing capacity of the nusical tone- generating apparatus.
Furthernore, waveformdata with a |low recording sanpling frequency for a
cal cul ati on node (node 1 or 2) for generating nusical tones with a | ow
quality can be 15 prepared by LPF processing fromwaveformdata with a

hi gh recordi ng sanpling frequency for a cal culation node (node 0) for
generating nusical tones with a high quéVity. Further, waveform data can
be sel ect ed ousestionhddtsrikeqiendr aLétanhe el DETHRICE 1RECBRENPY £DF t he 20
cal cul ati on modgeseheated bamdlie diseespbal hgrEhYng@rakaienmpsical tones.

As-a result, fqor exa e en i.cal .tones are generat t a
channel where T@&I&ngngﬁggéPqﬁégé éPgadﬁgﬂﬁ% ui Varen 32a%%?igéﬂg%?equency,
a wavef or m haviangoulrersane imtrerpsdlagicasm@bhedats bty @ mvPii€al tone

calcul ated at g hic@lc89ubVakento3R 35.te8BBARYA reaLaNTC1sGal ke generated

Wi . i
qu;lhlo'tj; gener atllirlli aralfluggltg.]gn,noénsdesnc} rll.losléggfl Enpggpo ast'!:l!cg\htmle)éhgggr aded

which is selected for musical tones requiring no
frequency shifting, such as percussion instrument
tones.
10 The digital filter-setting display section 35
| "selects as a digital filter, a single-order filter, a
dual-order filter, or no use of tone éolor filter.

The effect setting display section 36 turns

on/off the effect of reverberation or a low pass filter
15 {LPF) .

The above-mentioned setting display sections set
the contents of the tone generator processing executed
by the CPU 1. ‘

Further, the sampling frequency-setting display

20 section 37 is concerned with a third embodiment of the
invention, described hereinafter with reference to
Figs. 22A and 22B, which changes the equivalent
sampling frequency (normally 48 kHz) at which musical
tone waveform data is calculated by the software tone
25 generator when it is to be set to a lower frequency.
' According to the embodiment, the sampling frequency can
be set to 24 kHz and 12 kHz in addition to 48 kHz.

The maximum tone-generating channel number-
setting display section 38 is concerned with a fourth

30 embodiment of the invention, referred to hereinafter,
and displays the maximum number of tone-generating
channels to be used for tone generation by the software
tone generator which can simultaneously generate 32
musical tones at the maximum, when the maximum number

35 of musical tones to be generated at the same time is




Still further; waveformdata is automatically selected according to the

cal cul ati on node selected by the user, and therefore in a channel for
generating nusical tones at a high equival ent sanpli i§ Septegihendqo3
waveform data with a high recording sanpling frequency and having
frequency conponents over a broad band can be processed, while in a
channel for generating nusical 10 Septenber 2003 5 10 15 20 25 30 .35 43
tones at a | ow equival ent sanpling frequency, waveform data with a | ow
recordi ng sanpling frequency and having frequency conponents over a narrow
band can be processed. This nakes it unnecessary to'change designation of
a waveformin the tone color data. According to the present enbodi nent,
when a cal cul ati on node CM p) for calcutﬁting a smaller nunber of sanples
i s-selected, if no waveform data having the waveform npde WM correspondi ng

to the sel ect edi®ited| Beloh Hode CHERY FS PrEEshtthenRPEAEPNPRat2E with a
wavef or m node \#UCar r espe Ntk figndnd nambak cat at dron-garteatChgprhanides ent from

the sel ected ong.s a8l fe1etkd G0 08BRELAEN MUk F Al Q0CALAREY based on

the selected waveform data. VEr, | . Imtative’ It nmay be so
arranged that “ithdnagt 5aege el |y teetéchEdcham@t et ey THEETWAREf or m dat a
W th aswavef or BalRdewhich is displayed by the maximum tone-generating

channel number-setting display section 38.

The currently sounded musical channel number
display section 39 displays the number of tone-
generating channels currently used for tone generation,

10 i.e. the number of musical tones currently generated by
the software tone generator.

The duty ratio display section 40 displays the
ratio of capacity occupied by the software tone
generator to the whole capacity of the CPU 1. The

15 capacity is displayed in a bar chart 40a. - Further, by
operating the duty ratio switch 44, the upper limit DR
- of the duty ratio of the capacity of the CPU 1, which
the software tone generator can occupy, can be set, and
the thus set upper limit of the duty ratio is displayed
20 on the duty ratio display section 40 in a dotted line
40b.

The tone generation level display section 41
displays the sound level of a currently generated
musical tone signal in a bar chart 4la.

25 Next, contrel processing executed by the musical
tone—generating apparatus according to the second
embodiment will be described with reference to Figs. 16
to 20.

Fig. 16 shows a main routine executed by the CPU

30 1. When the program is triggered, first,

initializations such as presetting of register areas
are executed at a step S101, and then a view to be
displayed on the screen shown in Fig. 15 is prepared at
a step S102., Further, occurrence of a triggering

35 factor is waited at steps S103 and S104. If a



corresponding to the selected cal cul ation node CMp) is present, and if no
data is present, the waveform LPF processing of Fig. 11 is automatically
executed to prepare waveformdata with a wavef orm nod@ Segigmbes¥Rdi ng to
the sel ected cal cul ati on node CM p), whereby a nusical tone signal is
generated based on the thus prepared waveform data. Further, according to
the present enbodi nent, the waveformdata Wbn (n =1, 2, ...) is subjected
to the waveform LPF processing, to thereby obtain waveform data Wbn' and
WOn" with | ower recording sanpling frequencies, but this is not

limtative. The waveform data WDn nay be subjected to a processing ot her
than the waveform LPF processing. For exanple, nusical tones may be first

recorded at | ow recording sanpling frequgnci es to directly obtain waveform
data WDn' and

WDn'™ ot _only e wavef WDn but also the
wavef or m dat a ﬁﬁ&ggSEanvmg ey Q§c9§t6r%g ﬁon?ﬁn O(%attglsk 4. Then, the
wavef orm dat a mmnggaMGHQVfﬂCb@mJ%OdS@pt@mbed 2008 =A4p Ba08irectly read out
fromthe hard dicakofebnby &PecFAMg @ %&heggo%ﬁwtﬁﬂ&etsﬁgn@avemé m LPF

processi ng. Al thqugh only one cal c tio b sel ected for
each part accordir¥gerdnghta ?ﬂﬁxﬁqﬁ;ﬁa es Mgggh?ﬁgméggﬁﬁ ﬁFtatlve.
Al ternativel y, eeeutedcuhet i ¥IDI nxde a&ywbetaamomnnqtﬁMd ynphanged over a

plurality of Qﬁﬁﬂﬂgl%th|Q@eﬁe§f5@1Qxﬂﬂﬁ?QQEIQQQF%M&QE§%QQgS@Hebepart
according to the vol une etc. set for each hannel . 10 Next, a

second enbodlnéﬁ@qﬁFthétlHG%Fﬁﬁ?ﬁW%ﬂqq tige 4RERFYHEY ITECRBBALRE The
second enbodi mesd one frame at a step S108, other processings to be

executed when other switch events occur at a step S110,
10 and termination processing to be executed when a
termination command is input at a step S112. The
termination processing is for saving set data and for
clearing registers. After execution of the termination
processing, the view of Fig. 15 is closed, followed by
15 terminating the program. When the MIDI processing has
been executed at the step 5106, a display of the MIDI
- monitor 31, corresponding to a channel which has
received the MIDI data is 1lit up at a step S5107. The
other processings include processings corresponding to
20 various panel inputtings and command inputtings, part
of which will be described hereinafter with reference
to Fig. 21. After execution of the other processings,
display-changing processing corresponding to execution
of the other processings is executed at a step S111.
25 The tone generator processing at the step S108 is
executed upon detection that reading-reproducing
piocessing shown in Fig. 4C has advanced to the next
frame, which is caused by interruption triggered by
counting-up of 128 sample clocks by the timer 7 or
30 caused by trigger by the DMA controller 9, The tone
éenerator processing will be described in detail with
reference to Figs, 18A, 18B and 19. Duty
- ratio/generated musical tone number display processing
(P display processing) at a step S109 will be described
35 with reference to Fig. 19. In this connection, Figs.




enpl oys hardware (Fig. 1) and basic nusical tone- generating processing
(Fig. 4) substantially identical wth those of the first enbodi nent,
except that the 15 contents of control processing exed@tSegtenypet HO3CPU 1
and formats of nusical tone control data used therefor are different from
those in the first enbodinment. Figs. 14A to 14E show formats of tone col or
data and waveformdata stored in the RAM 6 and data stored 20 in the

i nput buffer and the tone generator register preset on the RAM 6.
Referring first to Fig. 14A, there is shown a format of the tone
color-data register in which tone color data fromwhich a cal cul ati on node
CMp), 25 described with reference to Fig. 2A, is omtted, are stored. 30
35 Fig. 14B shows a format of a sanple buffer WB. Fig. 14E shows a fornmat
of a sanple buffer OB which corresponds *o the buffer 0 in Fig. 3. The
buffers WB and16B:al8Bearh I} @redednaptrhed wildyéfher #egand storage area for
128 mJtS!Cfi: to%ﬁmoﬁ/@?@ﬁ?ri}fmf hg%)n(/%g\ﬁplsﬁﬂtdm?lgz%faﬂﬁ?@ﬂ!g%ol ODézﬁ’
respectively. The output, buffer .OB stores ef.orm .a_ 0 ned by
sequential ly a&&tﬁép?gﬁg’t%rs‘?ﬁfs’i“@al dl?bﬁ%ﬂ{\ﬂv\%’éeffeorr rﬁeggtlggf o?‘%ﬁm

t'one- gener at i ngetlidngekban ¥e e Sepivedbby PO UGG ddlec ¢ugsponinftavef or m
data is carried Qut-oRYvi&h! SHlatd nd s128ysanpl &s dHy Ji@RrOdHak| On over a

tinme eriod correspgnding to one frame for each channel,, and repeating
the sanme cal cuIFé‘ﬁsonszBragﬂe‘?%ﬁ%r‘ﬁ%ﬁemed S0 DR MW

embodiment in which sampling frequency setting can be

- performed by operating the cursor in the contrel view
on the display 3. In the present specification, the

10 fourth embodiment will be also briefly described in
which the maximum number of musical tones to be
generated (maximum number of tone-generating channels
used for tone generation) can be set by operating the
cursor in the control view.

15 ' Fig. 17 shows details of a note-on event
processing which is one of the MIDI processing and
similarly to the MIDI-receiving interrupt processing of
Fig. 6, executed when note-on event data. has been
written intc the input buffer. _

20 First, at a step $120, the note number, velocity
and tone number for each part in the received data are
set as parameters NN, VEL and t, respectively, and at
the same time the event occurrence time point (data-
receiving time) is set as a parameter TM. Then, at a

25 step S121, tone generation-assigning processing is
performed for determining a tone-generating channel of
the tone generator register (Fig. 14D) into which tone
color data is to be written, and the assigned channel
number is set as a parameter i. At the following step

30 $122, tone color data TP(t) read from the RAM 6
according to the tone number t for each part is
processed according to the note number NN and velocity
VEL. Further, the tone color data (including tone-
generating pitch FN) thus processed is written into the

35 i-channel register of the tone generator register




5 channels (i-~e. channels currently used for sounding). The sanple buffer
VWB stores waveform data for one channel, and the output buffer OB

accumul ates new waveformdata for one channel to the }@¢eiembat 2¥Ba

al ready stored therein, whenever the new waveform data 10 for one channel
is calculated. In this connection, the tine period corresponding to one
frame is equal to a tine interval between adjacent clock occurrence tine
points shown in Fig. 4C according to the first enbodinment. 15 Fig. 14C
shows a format of the input buffer, which is identical with the format of
the input buffer in Fig. 2C, description-of which is omtted. Fig. 14D
shows a format of the tone generator register which corresponds to the
tone generator 20 register of Fig. 2Dir1§he first enmbodi nent. The tone 25
generator register of Fig. 14D is differédt fromthe tone gener at or

regi ster of Fi §o92bher vhet the $O5LeSNadadtanh e FVERTLpPRCRE T The pitch
PS and the F nyaher polht i ™ Ritg.a 2Rephas2®m tdexbucienef kemmihet amea for the

cal cul ation ”DE%eCN%B%rQn Fig. 2D, and contains an area for storing data
CDL to CD6, referr8d £o hereinafter. Except for these, the tone generator

regi ster of the presBagsenbthlianshtl8Psshdent i REAINAR KOrh&bre¥ 8%e fir st

embodi rent,  anduikhehefl ebfe M@SEIHtidroprbbeE §Ohg | or Hfycridd bedthe 3bidd 9. 15
shows an exanpl.e q e arrangenent o%ﬁa coptrol panel view displayed on
[

f t
the di splay 3 WAET A el =T oUTIRE "8 SR §7°

§7°16,°Teferred to hereinafter, is
triggered. The view i §idesplalyed srepp&iBOofint heg. 18A, a calculation

is_made of a time point at which the tone generator
processing is to be terminated. The termination time

10 point is calculated based on the duty ratio of capacity
occupied by the software tone generator to the whole
capacity of the CPU 1, and the processing at the step
5130 is to calculate a time period over which musical
tone waveform data can be generated (tone generator

15 processing}. More specifically, in the tone generatorxr
processing, waveform data for one frame (128 samples)
is calculated for 32 channels, however, when a
predetermined time period over which the CPU can be
occupied has elapsed, the processing is forcedly

20 terminated even before the calculation of the waveform
data is completed. If the processing is interrupted,
waveform data for some channels cannot be calculated.
In such a case, musical tones from such channels are
forcedly damped, i.e. the volume level of the musical

25 tone signals is sharply lowered to stop generation of
musical tones. The forced-damping time point TL (time
limit) can be calculated by the following equation (2):

T, = ST + FL x DR - US - AS . (2)

where ST represents a starting time point of the frame
30 to be currently reproduced, FL one frame time length

(length of one frame), DR the duty ratio, US a

termination time period.(a time period required for

terminating the processing (forced damping)}, and AS a




di splay screen of the display 3 in a so-called wi ndow 10 Septenber 2003 5
46 format. In the control panel view, various display sections are
arranged, including a MDl nonitor 31, an LFO on/of f 18iS¢pleapes®s on 33,
an interpolation (INT)- setting display section 34, a digital filter. (DCF)-
setting display section 35, an effect (EFT)-setting display section 36, a
sanpling frequency (GSR)-setting display section 37, a nmaxi num

t one- generati ng channel nunber (MPF)-setting display section 38, a
currently sounded channel nunber display section 39, a duty ratio 10

di splay section 40, and a sound |evel display section 41. Further, various
key switches are arranged,. including a cursor (CURSOR) key 42, a val ue
(VALUE) switch 43, a duty ratio (DUTY) suwitch 44, and a reset (RESET)
switch 45. A portion 32 wih shaded background 15 indicates. that. the cursor
i s placed ther ESRFPTRESM Y oAt BPT 3391 (Yt U A P ILbT¢esidndi ng to
a M DI channel ewgicohihgsrecodierad ion pdetéveirgl d#FacaAnul#EOi¢nrow frequency
oscillator) whieh bg GLedlawed WaelEBembFEL P ﬁsfuztmrek,afo@ﬁéﬂ.ms?S 20

inparts a wavy effect Tike vibrato to a nusical tone to be generated.
On/ of f swi t chi AGYFIERTEERT AT Fde WAVFIRENDUTO Dy FEPFHGTtR. rsor 32 on
the digplay setil OMA33ohyreoEas Qf tbhehenelspredgyleA?2 ahd opeeati ng the

val ue switch 4 Bunchiops.displayed by the other 25 display sections 34
to 38 can be s%ﬁ?@%eg ongo?g% Iﬁ%' t he sane manner as above. The

i nterpol ation-settingTAeshhag Slavy J& Shusdirpiesisssmiicdh 1PREeFR®I at i on

nmet hod has beemusdlcact €dne-generating processing for each channel

executed during the tone generator processing for each
10 frame should be continued. According to the equation

{2), out of a time period from the current frame-

starting time point (ST) to the current frame-
completing time point (ST + FL), a first time period
determined by the duty ratic is spared for the tone
15 generator processing, and the rest time period for
other processings by the scoftware tone generator and
" other application processings. The duty ratio DR is
set by the duty ratio switch 44. 1In the above egquation
(2), the time limit is precisely calculated by taking
20 the termination time period US and the post-processing
time period AS into consideration, however, these
considerations may be omitted.
Next, channel control is executed at a step
§131. The channel control is for setting the
25 calculation sequence between the 32 channels such that
a channel for generating a musical tone with higher
pricrity {(channel for generating a musical tone which
cannot be dispensed with) is earlier subjected to
waveform calculation, since as will be learned from the
30 above description, waveform calculation for a channel
given a lower order of calculation has a higher
possibility of being terminated before it is completed.
The channel for generating a musical tone with higher
priority means a channel for generating a musical tone

35 with a higher sound level or a channel for generating a



More specifically, when the sanpling frequency of 30 waveformdata in a
waveformtable (corresponding to the waveform data storage area of Fig. 2B
inthe first enmbodiment) in the RAM 6 is shifted accdP&eRgmbsr 2408

sanpling frequency of a nusical tone to be generated, a read address for
readi'ng out the waveform data can have 35 a fraction part. The

I nterpol ation-setting display 10 Septenber 2003 5 10 15 20 25 30 35 47
section 34 selects a suitable interpolation nmethod for obtaining a sanple
corresponding to the fraction part. The interpolation-setting display
section 34 can select a four-point interpolation nethod using a cubic
function, a two-point interpolation nethod using a |I|inear function, and no
use of interpolation nethod which is selgcted for nusical tones requiring

no frequency shift.ing uch as rcussion instrunent .tqnes, The selects
as dual - or der égagn %I?? ?%ue“de(%ﬁﬁf—’)ef: 8i ghear iM% é’ref%@gfi ng" dtir}éepl ay
section 35 other hand, the channel for generating a musical tone

with lower priority means not only a channel which is
not currently used for sounding, but also a channel for

5 generating a musical tone with a lower sound level.
After execution of the channel control, the output
buffer OB is cleared and a pointer i indicative of the
calculation sequence is set to 1 at a step S132.
Thereafter, waveform data calculation processing at

10 steps 85133 to S144 is executed for each tone-generating
channel.

First, at the step S133, an address designated
by an address pointer in the RAM 6 is set to an address
corresponding to a channel of the tone generator '

15 register having the i-th order of calculation sequence
to enable reading data for the channel i to thereby

- execute waveform data calculation-preparing processing.

Then an LFO control flag CD1l is checked at the step
§134. 1If CD1 = 1 holds, LFO processing is executed at

20 the step S135. The LFO processing is for frequency—
modulating an F number FN corresponding to the note
number NN by an LFO waveform (i.e. vibrato processing).
The frequency of the LFO is lower than the musical tone
frequency and one frame has a short time period (128

25 samples), and therefore one value of LFO frequency is

sufficient for one frame. If no vibrato processing is

required, the program proceeds from the step $134 to

the step S136. At the step S136, waveform reading from

the designated waveform table and interpclation

30 processing are executed,

- The waveform-reading and interpolating
processing at the step S136 will now be described in
detail with reference to Fig. 19. In the processing,
waveform data for the channel designated by the

35 parameter i is calculated for one frame (128 samples).




a digital filter, a single-order filter, a filter, or no use of tone color
filter. effect setting display section 36 turns effect of reverberation
or a low pass filter The above-nentioned setting di splldyeptesbepd¥3set t he
contents of the tone generator processing executed by the CPU 1. Further,
the sanpling frequency-setting display section 37 is concerned with a
third enbodi mrent of the invention, described hereinafter wwth reference to
Figs. 22A and 22B, which changes the equival ent sanpling frequency
(normally 48 kHz) at which nusical tone waveformdata is calculated by the
software tone generator when it is to be set to a | ower frequency.
According to the enbodi nent, the sanpling frequency can be set to 24 kHz
and 12 kHz in addition to 48 kHz. The naxi mum t one-generati ng channel
nunber- setting display section 38 is cofterned with a fourth enbodinent
of the inventibhrstefar redtep besej nafdaiple anchbdirspbayset he iaddertum nunber

of tone-generating channel:s Lo be used far, ton Labhop.fiy,d he sof tware

lE‘O %rggﬁlg

tone generator which can’'sinultanéeously generate 32 nusical tones at the

maxi mum when FRESHESG MIMLeEFRBEAnY ok o i dlenredesirp B@t@‘é‘i’ler ated at the

same tine i s 10eSepterntny2.20@2 482 Limiedidelndviderpoatesn tis reduce the

burdenson t he gP 1. Jhe Xi_mum nunber. of tone-generatin chaq:nels t hat
P rrorime S

can be used fo one genera PSn2c 5" e Ehah & cuvmstlﬁflnlxésrralrll%een of 1 to 32
by changi ng t htopaaere¢@alrimoy aloupinkh cher e i o @redtbybehe maxi num
tone- gener ati ngenehate@! nueen- setit hodad) Pl -§RAMkOAN88rpolation
is performed, such as a-case where a rough
interpolation is sufficient. If CD3 = 2 holds, a four-
10 point interpolation is performed, such as a case where
delicate musical tones in which aliasing noise can be
conspicuous are to be generated.
If no interpolation is performed, the F number
FN is added to an address applied by the immediately
15 preceding calculation (in the present embodiment, an
address generated at the end of the waveform reading in
the immediately preceding frame for the tone—-generating
channel for which the current calculation is being
performed), to thereby update the address, at a step
20 8152. A waveform sample is read from the designated
waveform table according.to the updated address and set
to an RD register preset at a predetermined area of the
RAM ‘6, at a step S5153. Then, the contents of the RD
register are set into a sample buffer WSD{s) at a step
25 S154. The above processing is repeatedly executed
until the sample number counter s counts up to 128 at
steps S155 and $156. After the above processing has
been executed 128 times, the program returns to the
tone generator processing of Figs. 18A and 1BB.
30 . In theé above processing, the fraction part of
the address caused by the fraction part of the F number
FN is neglected, and therefore aliasing noise will be
generated. However, if the F number FN dcoes not
contain a fraction part, this inconvenience will not
35 occur.




The currently- sounded nusi cal channel nunber display section 39 displays
t he nunber of tone- generating channels currently used for tone generation,
10 i.e. the nunber of nusical tones currently generat 8 S§ptemben?pi8s 30 35
the software tone generator. The duty ratio display section 40 displays the
rati o of capacity occupied by the software tone generator to the whole
capacity of the CPU 1. The .capacity is displayed in a bar chart 40a..
Further, by operating the duty ratio switch 44, the upper Iimt DR of the
duty ratio of the capacity of the CPU 1, which the software tone generator
can occupy, can be set, and the thus set upper limt of the duty ratio is
di splayed on the duty ratio display section 40 in a dotted line 40b. The
tone generation | evel display section 41 displays the sound | evel of a
currently generated nusical tone signal %n a bar chart 4la. Next, control
processi ng executed byfi¢m2 rasi ealldst obes geineradel Rgoappanat us according to

Lhe second  erafbarnl b R descelbed Wi RJElSLeage e, fasy 1o (0 20

Fig. 16 shows a ma r out . & programis
triggered, firg@edinpnihedf indiesndNsteheasagtesst tPRg168 Pegikt er areas
are executed atimtestepedbiPreanfinbhenlsuvieivd athe sdeppbayed om the screen

shown é'1 Fi g. %%iEScQEQPa{ﬁg &gdated address contains an integer part
and a fraction part, and therefore waveform data of two
sanples sandwiching the address (samples designated by
- an address of the integer part and an address of the
integer part plus 1)) are read out from the designated
10 waveform table at a step $158. The data of the two
samples are linearly interpolated based on a value of
the fraction part, and the resulting value is set into
an ID register preset in the RAM 6, at a step 5159,
Then, the contents of the ID register are set into the
15 sample buffer WSD(s) at a step $5160. The above
processing is repeatedly executed until the sample
A number counter s counts up to 128 at steps S161 and
S1le2. After the above processing has been executed 128
times, the program returns to the tone generator
20 . processing of Figs. 18A and 18B. )

If CD2 = 2 holds, i.e. if the four-point
interpolation is performed, the address is updated by
adding the F number FN to an address applied by the
immediately preceding calculation at a step S163. 1In

25 this case, the updated address contains an integer part
and a fraction part, and therefore waveform data of
four samples sandwiching the address (samples
designated by addresses of the integer part minus 1,

~the integer part, the integer part plus 1, and the

30 integer part plus 2) are read out from the designated
waveform table at a step S164. A value of a point
corresponding to the fraction part on a cubic curve
connecting the four samples is determined, and the
determined value is set into the ID register at a step

35 S166. Then, the contents of the ID register are set




a step S102. Further, occurrence of a triggering factor is waited at steps
S103 and S104. If a 10 Septenber 2003 49 triggering factor occurs, the
contents of the triggering factor is determned at al19Septembes2003f ol | owed
by executing a correspondi ng processing. The triggering factor includes
M DI processing to be 5 executed when M Dl data is witten into the input
buffer at a step S106, tone generator processing to be executed at
predetermned tine intervals corresponding to one frame at a step S108,

ot her processings to be executed when other switch events occur at a step
5110, 10 and term nation processing to be executed when a termnation
command is input at a step S112. The term nation processing is for saving
set data and for .clearing registers. Aftser execution of the term nation
processing, the view of Fig. 15_s cJ éf f.ol | owed 5 termnating the
program Wen tREOM %?%%ﬁ% Pﬁﬁeﬁagggg%eﬁ“éfb@ﬁ?@dgg?%the tep 5106, a
di spl ay of theahbPk proritsdmg3is cepeaspdidigwrduced shhhhethevhi ch has

recei ved the MBlpdlat fubiser idovtiR @t sacshfPs A0 %o 1he a0t BeLpPrdGessi ngs
i ncl ude processings grres onding to 20 various panel |n utthgf and
conmand inputtFH&s?lg rt AgeniEnaRPTE BECRRATIDEGShePeR nSf TSI SH th
referehce to Ei2§. t2desAftler pexecuat eatofns heo athirertopeogessiagsy

display-changiggoggggggéiggyéggéneg andj, B9, 49 execution of the other
processings i s executed at a step,gll .25 The tone generator processing at
the step S108 is exeRefEriforRagdtetri BhTt b2 r SddichgSreprbieri Hy

processi ng showhel Rakegorm Gdmb nadwadc edeé ppd het itextprokeastngwha ch is
caused by inte&ﬁﬁggkogoﬁéégﬂq&gﬂsQ%r CD3 is checked at a step S137
10 in Fig. 18B. 1If CD3 = 0 holds, digital filtex
processing is not executed, followed by the program
proceeding to a step S140 to execute volume control and
accumﬁlation processing. If CD3 = 1 holds, single-
order filter processing having a frequency |
15 characteristic corresponding to the filter control data
is executed on the values of the sample buffers WB
- {(WSD (1) to WSD(12B)) at a step 5138, On the other
hand, if CD3 = 2 holds, dual-order filter processing
having a fiequency characteristic corresponding to the
20 filter control data is executed on the values of the
sample buffers WB at a step S13%. Then, the volume
control and accumulation processing is executed at the
step S5140.
At the step $140, volume control is effected,
25 which applies a volume time variation from a leading
edge of a musical tone waveform to a trailing edge of
the same on the values of the sample buffers WB (WSD
(1) to WSD (128)}, based on amplitude envelope
generator (EG) and channel volume parameters. The
30 amplitude EG.generally generates a moderate curve, and
therefore & single EG value suffices for 128 samples.

- The thus level-controlled values of the sample buffers
WB are added to respective samples in output buffers OB
(OD(1l) to OD(128)). The addition is repeatedly

35 executed for each channel having the i-th calculation



counting-up of 128 sanple clocks by the timer 7 or 30 caused by trigger by
the DVA controller 9. The tone generator processing w be described in
detail with reference to, Figs. 18A 18B and 19. Duty? sreﬁieﬂ'@ﬁb%rated
nmusi cal tone nunber display processing (P display processing) at a step
S109 will be described 35 with reference to Fig. 19. In this connection,
Figs. 10 Septenber 2003 5 10 15 20 25 30 35 50 18A, 18B and 19 are
concerned with the second enbodinment in which on/off switching of the LFO
i nterpol ation setting, digital filter setting, effect setting can be
performed by operating the cursor in the control view on the display 3. On
the other hand, Figs. 22A and 22B are concerned with the third enbodi nent
in which sanpling frequency setting can he perforned by operating the
cursor in the control view on the displ éy 3. In the present specification,
the fourth enPb@Frerithasebly pe aFsembidtedd ywadaecpifbelbe i musigalchonke maxi num

nunmber of rrusmaﬁf&nﬁe%att@ ke fgen £Rd £k ddTBpdrmum neRbesn ind @ng-sgener ati ng
channel s used ﬁolne ener g g %a bqu set by operating the cursor in

the control vi@w?" g. 'a note-on event processing
whi ch is one of the I\Z‘T&rq@rf@@essnhglan@ietermmed at a step S141
5 whether or not the termination time point TL has been
reached. 1If the termination time point TL has been
reached, termination processing is executed at a step
5143, that is, damped waveforms are generated for
forcedly damping musical tone waveforms for channels
10 . for which waveform data have not yet been calculated up
to the termination time point,'and the thus generéted
waveforms are added to data in the output buffer 0B.
If the termination time point has not been
reached, it is determined at a step 5142 whether or not
15 the processing has been executed for all the channels
currently used for tone generation. Although 32
‘channels are provided in the tone generator register,
if the number of channels currently used for tone
generation is less than 32 and the answer to the
20 question at the step S142 is affirmative (YES), when
the musical tone generation processing has been -
completed for these channels, then the program proceeds
to step S145 et seqg. On the other hand, if the musical
tone generation processing has not been completed for
25 all the channels currently used for tone generation, 1
is added to the i value indicative of the calculation
sequence at a step 5144, followed by the program
returning to the step S133.
If the musical tone generation processing has
30 been completed for all the channels, or if the
termination processing has been effected, the program
proceeds to the step 5145, wherein an effect control
register CD4 is checked. 1If Cb4 = 0 holds, effect
imparting is not performed, followed by the program
35 skipping to a step S148. 1If CD4 = 1 holds, low pass




simlarly to the MDI-receiving interrupt processing of Fig. 6, executed
when note-on event data has been witten into the input buffer., First, at
a step S120, the note nunber, velocity and tone nunbé'ﬁ%?e"??&b%[)%art in
the received data are set as paraneters NN, VEL and t, respectively, and
at the sanme tine the event occurrence tine point (data- receiving tine) is
set as a paraneter TM Then, at a step S121, tone generation-assigning
processing is performed for determ ning a tone-generating channel of the
tone generator register (Fig. 14D) into which tone <color data is to be
witten; and the assigned channel nunber is set as a paraneter i. At the
followng step S122, tone color data TP(t) read fromthe RAM 6 according
to the tone nunber t for each part is processed according to the note
nunber NN and velocity VEL. Further, the’%one color data (including tone-
gener ating pitchleNyr chdsuprobes sl res farimetehoi et effe hiighchannel regi ster
of the tone generfncyedbibshedds BPHEIEH 32003 P d0i 13 10 %2 pad toget her
with the note-qn ta and the_event occurrence_ tinme point TMat a step
S123, foll O\A/edqtb"ﬁfdft%é:r PEnBYi AglOY iP5 Sgriaft EFgsat 1%AFptaeij 5i¢8 show a

program for carfolilwgedobty the porErge peroatedipgotesshagsttad gdased at t he
time ignterval si€Qipespendbigst O & iR tion calculation is

executed to impart reverberation to the 128 samples in
the output buffer OB, at a step S147, fecllowed by the
program preoceeding to the step 5148.

Lt the step S148, reproduction of the waveform
10 data thus prepared and stored in the output buffer OB
is reserved by notifying the DMA controller 9 of the
addresses stored in the RAM 6.

Fig. 20 shows a program for executing the duty

ratio and generated musical tone number display

15 processing (P display processing). First, at a step
8171, a CPU time period spared for the whole software
tone generator or the tone generator processing by the
CPU 1 is calculated. A ratio of the thus calculated
time period spared by the CPU 1 to the whole

20 calculation time periocd by the same is calculated, and
the calculated ratio is displayed on the CPU occupation
ratio display section 40 in bar chart at a step S172.
Then, the number of tone-generating channels currently
used for tone generation is displayed on the currently

25 sounded channel number display section 39 at a step
5173.

Fig. 21A shows a program for carrying out
switch-on event processing which is one of the other
processings. If the switch 43 displayed on the display

30 window 30 is depressed, a value of data CDx
corresponding to the current location of the cursor 32
is set according to an operating amount and direction
of the depressed switch. The data CDx is used in the
above described tone generator processing,

35 According to the present embodiment, the cursor



First, at a step S130 in Fig. 18A a calculation is-nade of a tinme point
at which the tone generator processing is to be termnated. The
termination tine point is calculated based on the dutSegienmbesf0iapacity
occupi ed by the software tone generator to the whole capacity of the CPU
1, and the processing at the step S130 is to calculate a tine period over
whi ch nusical tone waveform data can be generated (tone generator
processing). Morre specifically, in the tone generator processing, waveform
data for one frane (128 sanples) is calculated for 32 channels, however,
when a predetermned tine period over which the CPU can be occupied has
el apsed, the processing is forcedly term nated even before the cal culation
of the waveform data is conpleted. If tq% processing is interrupted,
wavef orm data for some channels cannot be’cal culated. 1In such a case,

nmusi cal tones ffomeSuER PREAASIS RR@S PEr BRE| GUIRMHEEY 120t ARY vol une

level of the musdaliont efietké o) Sor/BrEhak pbyay oveiwithrt @35t @pegeneration of
st oal Lones: M SRSEI IR 00 d LTRoRRl etk L1 I, iR Do
... (2) 30 wher ef Stawpesséngsdbsxtayr tSeegiepngopormd @i &fdefFame to be
currently reprogiiasithg fispneyf sad®idd & hanghl cdhendt ik orecheane), DR
the duty ratio, ;US a 't rnLnati n Fi p rigg %a'tingjgeri%% rgggired for
terninating thed’psfpo]caé’ss?'?‘ﬁ (fBr%’e‘%l pi E‘(‘jf gh A 20 BEFEEABEr 2003 5
10 15 of the value switch 43, data corresponding to the
location of the cursor 32, i1.e. the data CDl1l is set and
changed at the LFQO on/off display section 33, the data
i0 CD2 at the interpolation-setting disPlay section 34,
the data CD3 at the digital filter-setting display
section 35, and the data CD4 at the effect-setting
display section 36, respectively.
Fig. 21B shows a program for carrying out duty
15 ratio switch-on event processing. When the duty ratio
switch 44 is depressed, the data duty ratio DR is
changed according to an operating amount and direction
of the depressed switch, and the dotted line 40b of the
CPU occupation ratio display section 40 is chapged
20 according to the changed data duty ratio DR at a step
S175.
Figs. 22A and 22B show a program for carrying
out tone generator processing executed by a musical
tone—-generating apparatus according to a third
25 . embodiment of the invention. First, at a step S181 in
Fig. 22A, a calculation is made of a time point at
which the tone generator processing is to be
terminated. The termination time point TL is
determined by the use of the above-mentioned equation
30 (2):
TL = ST + FL x DR - US - AS ..o {2)

where ST represents a starting time point of the frame
to be currently reproduced, FL one frame time length
(length of one frame), DR the duty ratio, US a




20 25 30 35 52 post-processing tinme period (a tine period required for
executing reverberation processing, LPF calculation, etc. on generated
waveforms for a plurality of channels and then reserJPﬁﬁpFH@eM%VQforns f-or
reproduction by the DVA controller 9, to thereby conplete the tone
generator processing). The time limt TL thus indicates how |l ong the

musi cal tone-generating processing for each channel executed during the
tone generator processing for each frane should be continued. According to
the equation (2), out of a tine period fromthe current frame- starting
time point (ST) to the current frame- conpleting time point (ST + FL), a
first tinme period determned by the duty ratio is spared for the tone
generator processing, and the rest tinme p §iod for other processings by
the software tone generator and other application processings. The duty
ratio DR is se?eTNﬂQQﬁ§°HuF9m?aP?EF%ﬂMQQH¥¥E$.PFﬁlPﬂeI%ﬁﬂﬁﬁﬁdegﬁétion (2),
the time limt terpiredisel yheapeota@seihdyy danakiasga pber t@fadesatingn ti me
period US and t - SSk i ri S, 1.nt.0, -.cQnsi derati on,
however, these @ggﬁgﬁéggﬁfﬁgnghﬁ%yp%%ﬂ%%$$¥%§ge 5?,§§'2h§£ﬁ°g§ﬁ?ro| i's
executed at a sPEPFeSSXPE) .The channel control is for setting the

cal cul & i on sequence haimgerhhhfe 82comaryielis swebutbatat a Grapnel for
generating a misigal {Qne MiciR NEAReL.) Q1LY o(DaNDEl dQr Sgenerating a
nmusi cal tone whic
channels such that a channel for generating a musical
tone with higher priority is earlier subjected to
waveform calculation. Thereafter, three independent
10 output buffers OBO, OBl and OBZ are cleared and a

pointer i indicative of the calculation order is set to

1 at a step 5183, followed by execution of steps 5184
to S8192. The ouﬁput buffers OBO, OBl and OB2
correspond to the buffers 2, 1 and 0 in Fig. 3,

15 respectively.

First, at the step 5184, waveform data
calculation-preparing processing including setting an
address correspondiﬁg to the channel i of the tone
generator register (channel i register) is executed.

20 Then, a sampling fregquency control register CD5 is
checked at a step S$185 in Fig. 22B. If CD5 = 2 holds,
which means that waveform.data for one frame (128
samples) is to be formed with the original degree of
accuracy (i.e. at the.original equivalent sampling

25 frequency), waveform data of 128 samples is calculated
and added to data in the output buffer OB2 at a step
S188. If CD5 = 1 holds, which means that waveform data
for one frame is to be formed with half of the original
degree of accuracy (at half of the equivalent sampling

30 frequency: 64 samples), waveform data of 64 samples is
calculated and added to data in the output buffer OBl
at a step S187. If CD5 = 0 holds, which means that
waveform data for cone frame is to be formed with a
quarter of the original degree of accuracy (at a

35 quarter of the equivalent sampling frequency: 32



cannot be dispensed with) is earlier subjected to waveform cal cul ation,
since as will be learned fromthe above description, waveform cal cul ati on
for a channel = given a | ower order of cal cul ation has1QSWP§H@PTZEBSS|b|||ty
of being term nated before it is conpleted. The channel for generating a
musical tone with higher priority neans a channel for generating a nusical
tone with a higher sound | evel or a channel for generating a 10 Septenber
2003 53 nusical tone sounded over a short tine period. On the other hand,
t he channel for generating a nusical tone wth lower priority nmeans not
only a channel which is not currently used for sounding, but also a

channel for 5 generating a nusical tone with a | ower sound |level. After
execution of the channel control, the output buffer OB is cleared and a
pointer i indicative of the calculation®equence is set to 1 at a step

5132.  Ther eaf tsempluayefwave tata dasbcukad? osrnrlecessi nglatldfedtaps S133 to
5144 |s execut %@d%ﬁrtsa&&é t%%”%hgghggbuﬁf@'&%o afl ESEte tside, step

S133, an address eS|anate an address pointer in the M6 Is set .to
an address correspon Pﬁgvﬁﬁ“%‘ﬁ%éﬁﬁeFegis¥%%‘¥5héh§éﬁéPéfB?r15 regi ster
havi ng the i-t hked@edeedofo cad cudrat |damaseqaenc:ea3203@25e30 £3p tacknabl e readi ng

d f h
L SRS o R L a%ﬁggggecﬁi%} %pe%%&gﬁ g D1 is checked

cal culati on- preparln? proce53|ng
at the step musical part of musical tones allotted to the channel

when the channel is scunded, or alternatively it may be
set as a single value CDS for the whole _software
generator.

10 In the latter case, i.e. to set the data CD5 as
a single value, the cursor is placed at the sampling
frequency-setting display section 37 in the control
view of Fig. 15 and the wvalue switch 43 is operated.
Then, according to the answer to the question of the

15 step 5185 which depends. upon the single data CD5 wvalue,
the program proceeds to one of the steps 5186 to S188

to carry out the corresponding processing described
above. '
On the other hand, if the data CD5 is set for

20 each channel depending on a musical part of musical
tones to be generated, the data CD5 1s set for each of
1 to 16 MIDI channels. More specifically, the user
sets the data CD5 to 16 values CD5(1l}) to CD(16) for the
respective 16 MIDI channels, before performance.

25 Further, when a note-on event is input to execute the
note-on event processing of Fig. 17, during writing
processing into the channel i tone generator register
executed at the step S123, the data CD3{(i) for the MIDI
channel corresponding to the part £ for which the event

30 is input isISet to the tone generator register. That
is, the data CDS5(i) set for the part t is set as the
data CD5(i) for the assigned tone-generating channel i
of the tone generator register. Thus, the data CD5 (i)
is set for each tone-generating channel i, and the

35 steps S186 to S188 following the step S185 are executed




5134. If CD1 = 1 holds, LFO processing is executed at the step S135. The
LFO processing is for frequency- nodul ating an F nunber FN correspondi ng to
the note nunber NN by an LFO waveform (i.e. vibrato pP&eBEegbEH3003 The
frequency of the LFOis |lower than the nusical tone frequency and one
frame has a short tine period (128 sanples), and therefore one val ue of
LFO frequency is sufficient for one frane. If no vibrato processing is
required, the program proceeds fromthe step S134 to the step 5136. At the
step S136, waveformreading from the designated waveformtable and

i nterpolation processing are executed. The waveformreadi ng and

interpolating processing at the step S136 will now be described in detai
with reference to Fig. 19. In the process&pg, wavef orm data for the
channel designated by the paraneter i is calculated for one frame (128

sanpl es). 10 S&SPERFEPI2OD3LER datia D5 (4) Ao5t FCISIBRe-ge8anpLéndunber
counter s is sethanhelli,.Then, at a step 5151, an interpolation nmethod is
sel ected by referring an_int erpal ati on_nethod. reqister . Jf CD2 =0
hol ds, no interpolati§%QF§ %?i%ﬁ%%ﬁ%%&ﬁ,?gﬁgﬁca%r%f%%éha%ﬂﬂgfc?gg?cﬂ§sion
instrunent tortd$ d8§ai FPAgWhb! pg desconbedshonetnleeXay be Ingbherated. |f
V%EZ = & hol dﬁ’ t&)ﬂe%eﬂlékﬁtofnﬁ_@ééﬁ%iiﬂgoﬁf FSgBer$ oK nah zezhhql dhb§«8 ?—Casio
ere a roug interpolation is sufficient. | = ol ds, a.four
poi nt i nt er pol aﬁ%rlg%tflgeg&?’é?%%l,n%t} ¥ 55%%%%%%%1%déjleipc%faénﬂusi cal
tones in which adl ithsi Agtromseatieon f tdensprpudlss artthe qrurdegenérated. |f
no interpol ati GhdercRel kahpREds thed JuAR8ked as waveform data for

one frame is changed. The larger the number of

10 ' waveform samples for each channel to be generated for

one frame, the longer a time period required for

processing data for the channel. That is, there is a
correlation between the number of waveform samples to
be generated and the processing time period. In the
15 present embodiment, the number of frames to be
generated per second is fixed (48 (kHz)/128 = 378
'~ frames), and accordingly a change in the number of
samples to be generated per frame corresponds to a
change in the equivalent sampling freguency. The
20 equivalent sampling frequency is set according to the
data CD5 to 48 kHz (CD5 = 2), 24 kHz (CD5 = 1), and 12
kHz (CDS5 = 0).
Referring again to Fig. 22B, it is determined at
a step S18% whether or not the termination time point
25 TL has been reached. If the answer is affirmative
(YES), termination processing is executed at a step
5191 in a manner similar to the second embodiment
described before,
On the other hand, if the termination time point
30 TL has not been reached, it is determined at a step
8190 whether or not the processing for all the channels
has been completed. If the answer is negative (NO), 1
is added to i at a step S192, followed by the program
returning to the step S$184 in Fig. 22A.

35 If the processing has been executed for all the



FN is added to an address applied by the imediately 15 preceding
calculation (in the present enbodi nent, an address generated at the end of
the waveformreading in the immedi ately preceding frdfSepismbeng00s
tone-generating channel for which the current calculation is being
perfornmed), to thereby update the address, at a step 20 S152. A waveform
sanple is read fromthe designated waveformtable according to the updated
address and set to an RD register preset at a predeterm ned area of the
RAM 6, at a step S153. Then, the contents of the RD register are set into
a sanple buffer WBD(s) at a step 25 $154. The above processing is
repeatedly executed wuntil the sanple nunber counter s counts up to 128 at
steps S155 and S156. After the above processi ng has been executed 128
times, the programreturns to the tone géﬁerat or processing of Figs. 18A
and 18B. 30 I n therkdbie Pt ddessprginatieorf paecesriparkawibeqrhe address

ciaused by the féﬂléibmh'f))éki,paﬂ{e @frog(bjngpfw’éws t]lcaNai gtgggﬂggn%g,ed,,hea%qnt her ef ore
al i asi ng noi se W [ ener ) ver,.J F _nunber FN.does not
contain a fract%% %%?'f?’gtt iosfagcﬁgoﬂ‘\%eﬁ)cdeféﬁrl ?)Bﬁo?r%SO‘é%rcsL?ﬂplfﬁl Sept enber
2003 55 |If CD2at & heeqendy dourf tites tafo-the euuinedepol sanmpliincs

performed, the addgesscy s(adatedibyovaddidnpiting)FrBusbes i FNidiq, 4 address
applied by the égmsdl elyd_ﬁtr ceding.calculation at.a step S157. In 5 this
case, the updat &4°addFRES Bnchi n8 AR hi YR Fart tBROUR YR AN e part
and t heref ore wadeéf or fmdater ,ofthewoonsampd est saedwucpungbtfifeadi¥less

gﬁg”p'. es desi gnatedoby¥rsafp AdIRRSS ffeliliendNURQLR 1AL oRNEGhAN address of

equivalent sampling frequency (2-multiple over

10 sampling) to obtain data of 128 samples which is added
to the data in the output buffer 0B2. Then, the
waveform data stored in the output buffer OB2 is
subjected to reverberation processing at a step S194,
and the reverberated waveform data in the output buffer

15 OB2 is reserved at the DMA controller 9 for
reproduction at a step S194,

By virtue of the above setting of the data CD5,
the sampling frequency is changed to generate musical
tone waveforms, which makes it possible to generate

20 musical tone waveforms depending on the capacity of the
CPU 1.

In the fourth embodiment, the maximum number of
tone~generating channels to be sounded simultaneously
by the software tone generator is limited to 32 or less

25 as data CD6 beforehand, and the termination processing
at the step S$141 in Fig., 18B is executed based on
results of a determination as to whether or not the
number of currently sounded tone-generating channels
has reached the limited maximum number. That is,

30 according to the fourth embodiment, the data (1)
indicative of the maximum number of tone-generating
channels to be sounded simultaneously is set by the
user at the maximum tone-generating channel number-
setting display section 38 in Fig. 15, and then the

35 software tone generator generates musical tones based




i nteger part plus 1)) are read out fromthe designated 10 waveform tabl e at

a step S158. The data of the two sanples are linearly |ntergolated based
on a value of the fraction part, and the resulting vaP§epreabeedl0Bnto an
ID register preset in the RAM6,, at a step S159. Then, the contents of
the ID register are set into the 15 sanple buffer VBEKS) at a step S160.
The above processing is repeatedly executed until the sanple nunber
counter s counts up to 128 ‘at steps S161 and S162. After the above
processi ng has been executed 128 tines, the programreturns to the tone
generator 20 processing of Figs. 18A and 18B. If CD2 = 2 holds, i.e. if
the four-point interpolation is perforned, the address is updated by
addi ng the F nunber FN to an address appl ggd by the imediately preceding

cal cul ation at & s thIS ase, the ugd ted gddress contains
an integer part® FaSPFoﬁa 35 &R FREFE oré“&%ve orn1§ata of four

sanpl es sandwi cmmrgratheiga@uﬁeasl% smrm%§01@é§ﬁgﬁa®@htwca’c¥dr¥es§e§ -of the
i nteger part n1@§§n&-thé'TithE@gﬁ£x£ﬁﬁﬁ,ndﬂm%r|BEeggﬁspﬁﬂtcﬂan%&lﬁ and the

30 integer part_plus, 2) are read out fromth ate veform tabl e at
a step S164. A V¥ gl?&ﬂ%ﬁcﬁfepo ﬁ? OE%N?%%ﬁﬁhdiﬁd gdﬁﬂ% |o% %ért on a
cubi ¢ Gurve coorectiacman thee Miodtegdanpl Bss s:OdI@treMnLn@dthemﬂlw odet er mi ned

value i's set |nignihgedDdiagisbihnaliS o o 35u5468 < Thefbardusagntents of
the ID register are Set Sépt enber 2003 5 10 15 20
Next description w1ll made of a fifth

embodiment of the invention. In the second and third
embodiments described before, the upper limit of the
10 capacity of the CPU 1 to be used for the software tone
generator processing out of the whole capacity of the
CPU 1 is controlled based on the duty ratio DR set by
the user. On the other hand, according to the fourth
embodiment described above, the maximum number of tone-
15 generating channels to be sounded by the software tone
' generator is limited to the value CD6 set by the user.
- In each of the embodiments, the number of tone—
'generatinq channels sounded by the software tone
generator is changed. However, the change is effective
20 only inside the tone generator processing for
generating waveforms at the step S108, but not
effectively applied to processings other than the tone
generator processing, e.g. to the tone generation-
assigning processing (tone-generating channel
25 assignment processing).

According to the present embodiment, when note-
on event processing is executed in a tone generator
which can change the number of tone-generating channels
to be sounded simultaneously, the tone-generating

30 channel assignment at the step S121 is changed
éccording to the number of tone-generating channels to
be currently sounded simultaneously. That is, in the
note—on event processing at the step 5121, the number
of channels to be sounded simultaneously corresponding

35 to the capacity (calculation capacity) of the CPU 1




25 30 35 56 into the sanple buffer WBD(s) at a step S166. The above
processing is repeatedly executed until the sanple nunber counter s counts
up to 128 at steps S167 and S168. After the above prd€&€eieAkenz3peen
executed 128 tinmes, the programreturns to the tone generator processing
of Figs. 18A and 18B. Referring again to Fig. 18A, after execution of the
waveformreading and interpolating processing, a filter control register
CD3 is checked at a step S137 in Fig. 18B. If CD3 = 0 holds, digital

filter processing is not executed, followed by the program proceeding to a
step S140 to execute volune control and accunulation processing. If CD3 =
1 holds, single- order filter processing having a frequency characteristic
corresponding to the filter control data _is executed on the values of the
sanple buffers WB (WSD(1) to WsD(128)) at® a step 5138. On the other hand,
if CD3 = 2 hol BSCHfdingoktekhe | dater JrtocassiiAgPRha®y rigiea dataqGBAcYs

chfir act e][i sLi C ﬁﬁdiﬁ&@gn?$agtﬁ%ﬁmCJﬂ |tbﬂésiggié%er®ti% ieSceQ?ﬁ@@blt ed on tlhe
values of the s uffers t a : en, the vaolu contro
and accunulatidﬁ§%£5%§égﬁﬁémF% ‘%@%ﬁiég;ggnFﬁgen%f%ﬁf%%fé§a9KFlﬁggPstep
S140, vol une cotet dly itheefrhdueedf tiwhixsiredyphi dasta. volilrte e inmebeari ati on

from ad eadi ng pedge @fandeMYSkaaledONe JaeheLAYt AuaiddRiddag gdge of the
sane on the val ues of the sanBIe buf fers \\B gws glg to WsD g;28h%, based
on anplitude en ?(ﬁﬁ?e generator register 1s smalle han a value (

— 1), an empty channel oxr empty channels MP are
assigned to tone generation, i.e. set to generate
musical tones. ©On the other hand, if the channel

10 number PN is larger than the value (MP - 1), a channel
or channels corresponding in number to a number (PN -
MP + 1) which exceeds the value (MP - 1) are set as a
channel or channels to be subjected to tone generation-
decaying, and a command to stop tone generation is

15 issued to the channel or channels, and at the same time
a single empty channel is preserved as a channel
assigned to tone generation. According to the
processing, the musical tone assiénment is carried out
based on the number of channels currently sounded,

20 which can prevent assignment of tone generation to too
many channels which causes noises or assignment of tone
generation to too few channels which causes
unsatisfactory use of the tone-generating capacity of
the tone generator. The number of channels to be

25 sounded simultaneously quickly or incessantly changes

with the lapse of time when the amount of processing

rer channel is changed due to change of the tone color

or when the data DR or the value CD6 1is changed during

performance of music. However, according to the

30 present embodiment, the number of channels to be
sounded simultanecusly by the tone generator is
obtained when the musical tone assignment is executed
upon inputting of a note-on event, etc., to enable
coping with such a guick or incessant change in the

35 number of channels sounded simultaneously. This method




generator (EG and channel volume paraneters. The anplitude EG generally

generates a noderate curve, and therefore a single EG value suffices for
128 sanples. The thus level-controlled values of the188epe@mbpiddidrs WB
are added to respective sanples in output buffers OB (OD (1) to OD (128))
The addition is~ repeatedly executed for each channel having the i-th
cal cul ation TO Septenber 2003 57 order, whereby an accunul ated val ue of
the nusical tone waveformdata so far generated for all the channels is
stored in the output buffer OB. Thereafter, it is determ ned at a step S141
5 whether or not the termnation tinme point TL has been reached. If the
termnation tine point TL has been reached, termnation processing is
executed at a step S143, that is, danped waveforns are generated for
forcedly danping nusical tone waveforns fé6 channels 10 for which waveform
data have not yes rheen iedlketlateto Uphe tobfitha reek Bhoagémerdtide ei nt, and

t he thus gener v.ef re ded to a_ in the output huffer OB. |If
the termnati oﬁéfloneél%ojilr?t%%ﬁges ﬁo??et 5 e‘%éh(ejaja PETERT elf)serwrﬂ"r‘f d at a
step S142 whet he¥e grepidtle o5 changiog gy mg diavnbaenbexeelit@hrined sal | t he

chan_nglz Purrﬁnﬁda}’bélseﬂﬁaxfd@’d tsQﬂﬁlQSﬂ@é@éiyOF&ccﬁlﬁhﬁﬂgggo380?&&%1’8?%'.ls are
provided in the tone rator .regjster, ~if the nunber channel s
currently used for to%gﬂgﬁﬁﬁﬁrépigheiib?%%§L¥ﬁﬁﬁb§é 3ﬁ%°$ﬂ5”5ﬁ§wépeto t he
20 question at enéokf eget34 iof shei dhmtiale {iVESK, DAFehs ¢tdwerimticcdl tone

generation procgsstnd wasPeRrtwaBPLeheddrdieserahapnelss— then the

program proceeds . to shgp 5145 et ;seq. On the other hand, if the nusical
. setting vy be carried . out on each tone color part

and/or each tone-generating channel. That is, a
10 digital filter-setting register CD3(i) may be preset
for each of tone color parts and/or tone-generating
channels, and the on/off-setting of the digital filter
DCF may be effected in each setting mode of the tone
color part and/or the tone-generating channel. 1In the
15 aforedescribed tone generator processing of Figs. 18A
and 18B, the determination at the step 5137 is carried
out for each tone-generating channel, to thereby easily
cope with the on/off-setting of the digital filter for
each of -tone color parts and/or tone—generating
20 channels. Further, the other data CD1l, CD2, etc. may
be preset for each tone color part and/or each tone-
genérating channel, similarly.
To generate rhythmic tones, pitch conversion is
generally unnecessary, and therefore the data CD2 is
25 set to 0 (no interpolation}. To tune musical tones for
other musical instruments, however, the data CD2 may be
set to 1 to control the pitch.
In the above described embodiments, the MIDI
event processing is not considered in carrying out the
30 duty ratio control calculation. The duty ratio control
calculation may, however, take the MIDI even processing
into consideration as one of operations carried out by
the software tone generator.
Display of the CPU power and the number of

35 generated musical tones (tone-generating channels) can




tone generati-on processing has not been conpleted for 25 all the channels
currently used for tone generation, 1 is added to the i value indicative
of the calculation sequence at a step S144, fol | owed 1BPepisEbsr PSam
returning to the step S133. If the nusical tone generation processing has
30 been conpleted for all the channels, or if the 35 term nation processing
has been effected, the program proceeds to the step S145, wherein an
effect control register CD4 is checked. If CD4 = 0 holds, effect

inparting is not perforned, followed by the program skipping to a step
S148. If CD4 = 1 holds, |ow pass 10 Septenber 2003 58 filter calculation
is performed to cut off high frequency conponents of the 128 sanples in
the output buffer OB by a | ow pass filter LPF at a step. S146, followed by
the program proceeding to the step S148. & 1f CD4 = 2 holds, a
reverberation cehzadetdtom hdghexpeed echrid theparbrepvbsbesad on to the 128

sanples in the,outipu f ek at S the program
proceeding to the ste6;%§£8. Aég%ﬁb %@gﬁ%g%gégﬁggﬁ%%%hgﬁggﬁ%§f t he wavef orm
10 data thus prepSh&¥ Ky SeoF_ETI#A 1M -out put buffer OB is reserved by

notifying the DVA contItlragr b® 66 iheanadUlresseshst 96k thmeRAM 6. Fi g.

20 sho a prog N t t rati o and generated nusical tone
nunberwgisplay §§9&%%%£§§?%§5%%95i%%|3§w§rg§g§gfﬁa ¢ ﬁ?%%',rgg & tep
S171, a CPU ti n¥IRErddd dFafednt Brtea wiisivd ceobuar bso tIHHEL gaieatat or or

the tone gener atopr@IELs ThAGubY &R€automatic performance program
executed by the computer per se as well as tone-
generating instructions generated through game

10 software, etc.

The software tone generator according to the
invention may be implemented, as described before, by a
general purpose computer in which an operating system
(0S) such as Windows (Registered Trademark) is

15 installed. But, this is not limitative. The software
tone generator may be implemented by a control CPU
provided in an electronic musical instrument with
performance operating elements such as a keyboard or a
tone generator module with no performance operating

20 element. In the létter case, a tone generator section
conventidnally formed by an electronic circult may be
reduced or omitted. Alternatively, a hardware tone
generator section and the software tone generator may
be both employed.

25 In the effect control according to the above
described embodiments, one of no-effect-executing
processing, low pass filter processing and the
reverberation processing is selected based on the value
of the data CD4. 1In other words, two different types

30 of effects, i.e. the low pass filter processing and
reverberation processing can be selectively imparted to
waveform data. Selection of the two types of effects
can be regarded as selection of different calculation
amounts required for the processing. Other embodiments

35 of effect selection are possible. For example, the




CPU 1 is calculated. Aratio of the thus calculated time period spared by
the CPU 1 to the whole 20 calculation tinme period by the sane is
calculated, and the calculated ratio is displayed onqpﬁ?p@ﬁ@ebggﬁpation
ratio display section 40 in bar chart at a step S172. Then, the nunber of
tone-generating channels currently wused for tone generation is displayed
on the currently 25 sounded channel nunber display section 39 at a step
S173. Fig. 21A shows a program for carrying out sw tch-on event processing
which is one of the other processings. If the switch 43 displayed on the
di splay 30 wi ndow 30 is depressed, a value of data CDx 35 corresponding to
the current location of the cursor 32 is set according to an operating
anount and direction of the depressed swijch. The data CDx is used in the
above described tone generator processing. According to the present

enbodi ment, the“T®f B F6186Ht endett 0PI w9 1isy ehncble s wa@IBpmEeans of
the cursor key ¥i2id¢lp sy thkeogaie ofn aff idtd kPeonhof i i fRinay i9e€hkon 33,

the interpolat} i S ectiq 4, the,digital filter-setting
di spl ay secti onégég?s:én% eﬁgggf ?Jé%%%%lsne% talr}'rcllg ?5‘?56?5@‘%%& To™9E™ n the
control view of FeHMELTf SSFaprereapitd: Filhatids, Ac€okll rarads tfe operation
of the val ue sweftdedProd@isaiagr i eSporidigd,othhecal @¢ndd i @mol:Ae cursor

32, i.e. the da i s set.and _changed at .the LFO on/off display section
33, the data 10°BHBRI T6F PHESF pBT AT OTSh (o oBr SR el JETeA™8s, © the

data CD3 at thel®igidegrerisedenusber o Wingplagperating channels to be
sounded simultaneously. Therefore, the user may
control the balance between the number of chanhels to

10 be sounded simultaneously and the effect grade by
setting the CD4 value.

Further, the time flow of processing executed by
the software tone geneiator, shown in Fig., 4, shows
only an example. The time correlations between frame
15 size, inputting of performance data, waveform
calculation, and reading and reproducing of waveform
data are not limited by the figure. For example, the
timing of the performance data inputting, waveform
calculation, and reading and reproducing of waveform
data with respect to the frame may . be differently set.
Besides, although the time length of one frame is fixed

in the above described embodiments, it may be variable

20

for every frame. However, the present invention is
characterized in that a plurality of waveform samples
can be generated in the time direction by one tone-
generator processing.

25




section 35, and the data CD4 at the effect-setting display section 36,
respectlvely Fig. 21B shows a programfor carrying out duty 15 ratio
switch-on event processing. Wen the duty ratio sw tdfSgatemgerRifBessed,
the data duty ratio DR is changed according to an operating anount and
direction of the depressed switch, and the dotted |ine 40b of .the CPU
occupation ratio display section 40 is changed 20 according to the changed
data duty ratio DR at a step S175.6Bigs. 22A and 22B show a program for
carrying ut tone generator processing executed by a nusical

t one- gener P paratus according to a third 25 enbodi pnent of the

i nvention.lfFj ‘P‘sf“ehé’@ af geapradjng 1mysical PI"QS whigh i§ exgiRhioNod FAMPYIEE of a
time point at which the tone generator processing is to be termnated.

The t er mCABPIPAYL i me point TL is deternined by the use of the
above- nenti oned equation 30 éZ) : TL = ST + FL x DR - US - AS . (2)
where ST repr af@fogmanas isfarmation-reeeiving step ot fereivingapriformanee iformation| y
reproduced FL one frame tinme length (length of one frame), DR the duty
rati o, U%hichidesEmstesnpifchxd@ach obihe niusicdl fesde beiogserséed.od (a tine period
required for termnation the processing, and AS a post-processing tine
period (a tine cpeireldrforreafienrreceiviog sigpfaf recehdnheentrobimberissationy) . Next,
channel control is executed at a step 5182, for setting the cal cul ation
order bet weena3gaveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time
period in response to said received performance‘information. wherein each sequence of
musical tone waveform samples generated has the pitch designated by said
performance information, and the number of said waveform samples generated during
said predetermined time period for each sequence is controlled by said contro!
information; and
a reproducing step of playing back said sequence of musical tone waveform samples

generated by said waveform sample-generating step.

2. A method as claimed in claim 1, wherein said control information is
information relating to a sampling frequency at which the musical tone waveform

samples are generated.

3. A method as claimed in claim 1, wherein said control information can be

designated by a user on said computer.




channel s such-that a channel for generating a nusical tone with higher
priority is earlier subjected to waveformcalculatio Thereafter, three
i ndependent 10 output buffers OBO, OBl and OB2 are cl 9/Septegibgr 20 06‘0| nter i
indicative of the calculation order is set to 1 at a step S183, followed
by execution of steps S184 to S192. The output buffers OBO, OBl and OB2
correspond to the buffers 2, 1 and O in Fig. 3, 15 respectively. First, at
the step 5184, waveformdata cal cuf@tion-preparing processing including
setting an address corresponding to the channel i of the tone generator
register (channel [ re ister) is executed. 20 Then, a sanpling frequency

control regi stter Adagihp as@ﬁéﬁ%ﬂ‘ dlaimpl stiegludings display gep formlisplayingen a 2
hol ds, which nmeans that waveformdata for one frane (128 sanples) is to
be for medispayhat semplingg figavenfygrbeviigh the cirsies! taneewayeformesasmplgs rate
equi val ent sanpling 25 frequency), waveformdata of 128 sanples is
cal cul at 88nergifdl. added to data in the output buffer OB2 at a step S188. If
CD5 = 1 holds, which neans that waveformdata for one frane is to be
formed with half of the original degree of accuracy (at half of the
equi val ent sanpling 30 frequency: 64 sanples), wavef orm data of 64 sanples
is cal cuI at e@ -arfdl mafiest of gerkratng musteal muepuvhmlmﬁa‘ exedDiid oata eompeler,S187.
| f CD5 0 holds, which neans that waveformdata for one franme is to be
f ormed vvicpﬁlpa'Sinquarter of the original degree of accuracy (at a 35 quarter
of the equival ent .sanpling frequency: 32 10 Septenber 2003 61 sanples),
wavef or m dat aackcggingasiph ed reseidad cuphraly afdieces of performance information
corresponding respectively to a plurality of performance parts, wherein said received
performance information designates a pitch of each of the musical tones to be

generated,;

a generating step of generating sequences of musical tone waveform samples
corresponding to said plurality of performance parts during a predetermined time period
in response to said performance information, wherein said sequences of musical tone
waveform samples éenerated have pitches designated by said performance
information, and a time density of said sequences of musical tone waveform samples
for each of said musical instrument parts to which each of said pieces of said received
performance information corresponds is independent of the time density of said
sequences of musical tone waveform samples for the other performance instrument
parts as well as of the pitch of each of the musical tones to be generated;

a reproducing step of playing back said sequences of musical tone waveform

samples.




added to data in the output buffer OBO at a step S186. The val ue of the
regi ster CD5 (hereinafter referred to as "the data C'?ﬁﬁ) may be set for
each 5 channel i separately as data CD5(i) dependi ng 187eBHPEf 0% part of
nmusi cal tones allotted to the channel when the channel is sounded, or
alternatively it may be set as a single value CD5 for the whol e-software
generator. 10 In the latter case, i.e. to set the data CD5 as a single
val ue, the cursor is placed at the sa&hpling frequency-setting display
section 37 in the control viewof Fig. 15 and the value switch 43 is
operated. Then, according to the answer to the question of the 15 step
S185 whi ch depénd%.meib@mo? genefiatiog ausioeh taoes whirluds exequted o §aMpHBEceds
to one of the steps S186 to S188 to carry out the correspondi ng processing
descri begom@pemg: On the other hand, if the data CD5 is set for 20 each
channel depending on a nusical part of nusical tones to be generated, the
data CD5 is setpdriormenct infbrmationgedaving Biepchtravelving perfarmapeeiiffooadtion, t he
user sets the data CD5 to 16 values CD5(1) to CD(16) for the respective
16 M DI c¥asinéésgnates a pictpefr dashrd treemugisalfomastorbe ganerated;not e- on event is
input to execute the note-on event processing of Fig. 17, during witing
processi ng i nacantrel pharmatibniredeivieg gepasfatoeiving giesfbananeax inforimatiomwhidhe st ep
S123, the data CD5(i) for the MDI channel corresponding to the part t for
whi ch t helesigeates30pitch df epalh of the adsidad tarles 16 bagegenatadat or regi ster. That
is, the data CD5(i) set for the part t is set as the data CD5(i) for the
assi gned -t oneageaesfadn sgmpleageradrating steptdfecarying getne madsical eng-gemaratinthus,
the data CD5(i) 5
calculation to form a waveform based on data stored in a memory beforehand, in

response to said performance information, to thereby generate a sequence of musical
tone waveform samples, which have the pitch designated by said performance
information, at a time density corresponding to said control information; and

a reproducing step of playing back said sequence of musical tone waveform
samples;

said waveform sample-generating step carrying -out said musical tone-generating
calculation to form a waveform by selectively using different data of said data stored in

said memory according to said control information.



is set for each tone-generating channel i, and the 35 steps S186 to $188
follow ng the step 5185 are executed 10 Septenber 2003 62  depending on the
data CD5(i) for each tone-generating channel i. Next,!'0mssteawer ¢¢i3e
characteristics controlled by the data CD5 will be described hereinbel' ow
In the 5 tone generator processing of Figs. 22A and 22B, by selectively
executing the steps S186 to S188 depending on the determ nation of the
step S185, the nunber of waveform ganples to be generated as waveform data
for one frame is changed. The larger the nunber of 10 waveform sanples for
each channel to be generated for one frane, the longer a time period

required for 7récastioigofigéraeriting ibsiceh@neslwhich &t exdoutdden & tdmputer,
correl ati on between the nunber of waveform sanples to be generated and the

processi ggmptigig:period. In the 15 present enbodi nent, the nunber of franes
to be generated per second is fixed (48(kHz)/128 = 378 frames), and

accordingly aa gkgngering) stdie on ¢tdhing iaf meﬁwlaeisecwénle@ Srefiet ARefopAr ddthane
corresponds to a change in the equival ent” sanpling frequency. The 20

equi val eggm R bPeddtEMKIREL ¥arhli gey-di- ng to the data CD5 to 48 kHz
(CDh5 = 2 54 kHzrt?CD5:1) angr?qh%@éy Referring again to Fig.

22B, it l s dej QEBdME StoRhg s@ep%?@orﬁ%ﬁ%gv‘&% '%%ﬁuéﬁcent‘j’ft fish&al&6fh Qi%}é fatine

point 25 TL has been reached. If the answer 1s affirnmative (Y

L R o S i R W 1
said predetermined sampling frequency and having an identical waveshape with that of
said sequence of first waveférm data, and storing said sequence of said second
waveform data in memory;

a performance information-receiving step of receiving performance information
which designates a pitch of the musical tones to be generated;

a control information-receiving step of receiving control information;

a waveform sample-generating step of generating musica!l tone waveform
samples, based on said sequence of first waveform data or said sequence of second
waveform data stored in memory; and

a reproducing ‘step of playing back said sequence of musical tone waveform
sambles generated by said waveform sample-generating step;

said waveform sample-generating step generating said musical tone waveform
samples which have the pitch designated by said performance information at a time

density corresponding to said control information, using one of said sequence of first

waveform data and said sequence of second waveform data according to said control

information.



On the other hand, if the termnation tinme point 30 TL has not been
reached, it is determ ned at a step S190 whet her or not t he proceSS| ng for
all the channels has been conpleted. If the answer i 40 ﬁ@@t&ﬂbﬁ P¥Ro, 1 is
added to i at a step S192, followed by the program returning to the step
S184 in Fig. 22A. 35 If the processing has been executed for all the 10
Sept enber- 2003 63 channels, or the term nation processi ng has been
executed, the program proceeds to a7tep S193, wherein the contents of the
out put buffer OBO are oversanpled at a frequency four tines of the

equi val ent sanpling 5 frequency (4-nultiple over sanpling) to obtain data

of 128 sanplgs WikthddSagdiRded & Salim M Wﬁ@emuééléttmbélfdﬁeﬁaty (Beledteq t her,

the contents of the output buffer OBl are. oversanpled at a frequency £ WO

times of a&&b?dm@%a\{@b&ﬁvea%ﬁ{rbmﬂroﬁhwncy (2-nultiple over 10 sanpling)
to obtain data of 128 sanples which is added to the data in the output

buffer OB2. Then, the waveformdata stored in the output buffer OB2 is
subj ected to rever berati on processing at a step S194, and the reverberated

vavef orm dal ag 1 "af BEpuhiRYSr qiukekithg masicdPlorles, caRgfaieel at the DVA

controller 9 tor reproduction at step 4 By virtue of the above

setting of e B exbB I 8%a (REURINal HRARSE Lroodnnang! o

nmusi cal tone wa or ns kes It POSS enerate

tone V"avﬁfl.@[cgfst&%ee&q}e@gor%%é t&? nﬁf’s‘i@a@'t&ﬁe Wavkdrm Sthbids, dRerith said tone

- generating process compriées the steps of:

a performance information-receiving step of receiving performance information

which designates a pitch of each of the musical tones to be generated;

a control information-receiving step of receiving control information;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples in a plurality of channels during a predetermined time period in
response to said received petformance information, wherein each sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and the number of said waveform samples generatéd during said
predetermined time period for each sequence is controlied by said control information;
and |

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.



35 In the fourth enbodi ment, the maxi rum nunber of tone-generating
channel s to be sounded S|nultaneously by the software tone generator is
limted to 32 or less as data CDG beforehand, and thdOSep f 2Q09
processing at the step S141 in Fig. 18B is executed based on results of a
determ nation as to whether or not the nunber of currently sounded
tone-generating channels has reached the limted nmaxi mum nunber. That is,
according to the fourth enbodi nent, 7&#he data (1) indicative of the maxi num
nunber of tone-generating channels to be sounded sinultaneously is set by
the user at the maximum tone-generating channel nunber- setting display

i cal © %s aseaﬂ’ﬁ%faﬁ'é%*#%%@éda&%%"T@{e‘gt %&“@aﬁﬁ@%‘é‘t val e as t e
o usi ng. ChSO TP oor ARSI AlmBRAT R QhFrE HER Wl ROBHRRIC YL

the OCCUR‘EFS‘C?E tcfn%%'ncgon(e%g??{dlégttb %us?éal t{:'r?e %V Hm%l %ﬁﬂglgg,bghgagdhggﬁyfont hus

control 1l ng e nu ne-generati ng channe

g e B e, 2,01 LSS 4 L
e o b SO b e B SR bUAAEH S0 o
o the 1 BeRoRhekiERHEr @é%%P?%f&%p BFavebE SR ABHPERRET=0ee P 15
generatig ef':f:arl]ﬁi ggﬁl |ﬁp&t0pebr%r|%gngd|n or%tlgﬁ %e%%];\%\ye%rae pttt% of each of the musical
tones to be generated;
| a control information-receiving step of receiving a plurality of pieces of control
information corresponding respectively fo said b!urality of performance parts;
a generating step of generating a sequence of musical fone waveform samples in
said at least part of said plurality of channels in response to said performance
informatio_n, wherein said sequence of musical tone waveform samples generated have
the pi’;ch designated by said performance information, and a time density of said
sequence of musical tone waveform samples for each of said perforrﬁance parts to
which each of said pieces of said received performance information corresponds is
cont.ro!!ed by each of said plurality of pieces of control information; and
a reproducing step of playing back said sequence of musical tone waveform

-samples.




generator is limted to the value CD6 set by the user. |In each of the
enbodi nents, the nunber of tone- generating channels sounded by the
software tone generator is changed. However, the chafiB&eplembpef2d08i ve 20
only inside the tone generator processing for generating waveforns at the
step S108, but not effectively applied to processings other than the tone
generator processing, e.g. to the tone generation- assigning processing
(tone-generating channel 25 assignnm@ft processing). According to the
present enbodi nent, when note- on event processing is executed in a tone
generator which can change the nunber of tone-generating channels to be

sounded si nul{ nﬁr?'d@ﬂﬁratu%*?@rﬂéé?ﬁ?atﬁ’@?ﬁﬁ@éd! egoccﬁpﬁ@. assi gnnent at the

step S121 i s change accor ‘gener ating channel s

to be currengl n?p%iﬁ?dﬁgf?f%i aeapfggag toﬁga%%de?at. H&s%s s @ggﬁxgnt

pI’OCf}SSI ng at the-'step e nu anne S tO soun .
he oo TOBeLoRes aRRRDAAE ishal B SARBRKNSHERCHN | o7 DALY e

data CD6 is %f\égﬁmeqﬁ&yz e:5 \ﬁﬂef Prpﬁ’at SSI gnrrent is executed wth

t'he maxi nrum n ener ng ¢ anne set by the value of the
once' T v LR U AEL ) St [0 i
LY ot DR R S e R i
number Pblthlc easE 2t estahSiPch ot} 2ath F ﬁle(muswal tor?efs t§ b%%%ﬂgl%lted

a control information-receiving step of receiving control information;

a waveform sample-generating step of carrying out a musical tone-generating
calculation to form a waveform based on data stored in the memory beforehand, in
response to said performance information, fo thereby generate a sequence of musical
tone waveform samples, which has the pitch designated by said performance
information, at a time density corresponding to said control information; and

a reproducing step of playing back said sequence of musical tone waveform
samples; |

said waveform sample-generating step carrying out said musical tone-generating

calculation to form a waveform by selectively using different data of said data stored in

said memory according to said control information.




15 20 25 30 35 or channels corresponding in nunber to a nunber (PN - M +
1) which exceeds the value (MP - 1) are set as a chaqnel or channels to be
subj ected to tone generation- decaying, and a comand p@eg{e&pef

generation is issued to the channel or channels, and at the same tinme a
single enpty channel is preserved as a channel assigned to tone
generation. According to the processing, the nusical tone assignnent is
carried out based on the nunber of nnels currently sounded, which can
prevent assignnent of tone generation to too many channels which causes

Nnoi ses or assisgn ] e I I ch causes

unsati sfactor Qg'uggr}ﬂéﬁtﬁc{%épg%ﬁéag@@ﬁ@% alpn%gntegé%)hgég} {sy&(%?&}é@%g %(‘):%p@gher at or.

The nunbggm ,fisi@annel s to be sounded sinultaneously quickly or incessantly
itht

changes w e lapse of tinme when the anmount of processing per channel

i s changed dug firf rédBRMGtP of rIRIVINGHRTEMMEe inRImile? the data DR or the
value CD6 is changed during perfornmance of nusic. However, according to

the present askesidretdiving i€y olsbRingdelsionnerafich; be  sounded
si mul t aneously by the tone generator is obtained when the nusical tone

assi gnment i s ageecratimygistep pbeariyiguiut & nysizhl tanaebeferm exakition 8 esponk® enabl e
coping with such a quick or incessant change in the nunber of channels
sounded & sad temawedpérormIimesnivetdiod, foOgebemtieglbeeq@B8 oba plural number of
musical tone waveform samples, and selectively subjecting said generated sequence of
plural number of musical tone waveform samples to a plurality of characteristic control
processings according to said selection information, said plurality of characteristic control
processings being different in at least one of processings contents and calculation amount
from each other, and storing said generated sequence of the plural number of musical tone
waveform samples selectively subjected to said plurality of characteristic control
processings in a memory, a manner of the musical tone waveform calculation being
changed according to the characteristic control processing selected by said selection
information; and
a reproducing sfep of playing back said sequence of the plural number of musical
tone waveform samples for generating musical tones by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one correspanding to said predetermined sampling frequency.

13. A method as claimed in claim 12, wherein said selection information comprises
information for determining at least one of (i) an order of a digital filter used for processing
the musical tone waveform samples, (ii) whether to use the digital filter, {iii} a number of

musical tone waveform samples to be used in interpolation executed




10.15 20 25 66 is not limtative to the software tone generator but also
applicable to all types of tone generators which are capable of changing
t he maxi mum nunber of channels to be sounded sinult arl@&sdieybac2¥3di ng to
conditions. Although in the above described enbodi nents, the on/off
setting of the digital filter DCF is carried out on the whole software
tone generator, the on/off setting nay be carried out on each tone color
part and/or each tone-generating channel. That is, a digital
filter-setting register CD3(i) may bd®Breset for each of tone color parts
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and/ or tone-generating channels. Further, the other data CDl1, CD2, etc.
may be preset for each tone color part and/or each tone- generating
channel, simlarly. To generate rhythm c tones, pitch conversion is
general ly unnecessary, and therefore the data CD2 is set to O (no
interpolation). To tune nusical tones for other mnusical instrunents,
however, the data CD2 may be set to 1 to control the pitch.




In the above descri bed enbodi nents, the M DI event processing is not
considered in carrying out the 30 duty ratio control calculation. The duty
rati o control calculation may, however, take the M DI 1@veptempeici93i ng into
consideration as one of operations carried out by the software tone
generator. Display of the CPU power and the nunber of 35 generated nusical
tones (tone-generating channels) can 10 Septenber 2003 67 change at a high
speed, and therefore, for easy watghing by the user, snpbothing processing
of the display may be carried out. It may be so arranged that the software
tone 5 generator receives, as input performance data, not only MDI data
from an ext erjzalA wethodashaidimet $o clsindll 2 einelatiig a dipplag stgpdoft displaygig en a
automati c perfornmance program executed by the conputer per se as well as
tone- gafigplat amanionat olieditulationgeqeited byl shidrsaggbngaobmlSicabfoheavavefatrc. 15
20 25 The software tone generator according to the invention may be

I npl enena@blesigaidaiation Sadla Pafiderof Mysical toestaystlerated posaid ceprpduaig stepwhi ch
an operating system (OS) such as Wndows (Registered Trademark) is
installed. But, this is not limtative. The software tone generator my be
inpl emented by a control CPU provided in an el ectronic nusical instrunent

Wi th performsnca @Bioal44)2lafhedTRMcRaiUTh , Wherdirk eXI80SI&L RN iAforinatish is
generator nodule with no performance operatl ng

information for adding or omitting at feast one characteristic control element used by
said plurality of characteristic control element used by said plurality of characteristic
control processings to which said generated musical tone waveform samples are
subjected, .

an amount of calculation by said musical tone waveform calculation required for

generating a musical tone waveform for one musical tone varying according to said

addition or omission of said at {east one characteristic control element,




element. In the latter case, a tone generator section conventionally
formed by an electronic circuit nay be reduced or omtted. Alternatively,
a hardware tone generator section and the software tdJdA&eglembea?® may be
both enployed. In the effect control according to the above described
enbodi nents, one of no-effect-executing processing, |ow pass filter
processing and the reverberation processing is selected based on the val ue
of the data CD4. In other words, two different types 30 of effects, 'i.e.
the | ow pass filter processing and r&erberation processi ng can be

selectively inparted t vef orm data. .Sel ection. of the two types of
effects can g@ é%@%’ﬁﬂ%ﬁs tggg%@faé@?i"&ﬁ'calfto'bqsf FUIRKI"Ical cul ation” amount s

i d f i h ] i f eff i
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type but different in the rade o fect processing an e calcul ation

amount  rRAIRAHOss BhRERRS tHistepst 1s, if the grade of effect
processing is increased, the calculation anount required for other

processi ngs i s MscERAMRbtep GFelelvingderfoimancdfedrpasad nunber of
t one-generating channels to be sounded sinmultaneously. Therefore, the user
may control tdeechal RosdEndstbperacdiVing sekdiert infdrmatmnnel s to

a generating step of carrying cut a musical fone waveform calculation in response

to said received performance information received at said first receiving step, to generate a

sequence of a plural number of musical tone waveform samples, and selectively subjecting

said generated sequence of plural number of musical tone waveform samples to a plurality

of characteristic control processing according to said selection information, said plurality of

characteristic control processings being different in at least one of processing contents and
calculation amount from each other, and storing said generated sequence of the plural
number of musical fone waveform samples selectively subjected to said plurality of
characteristic contrel processings in a memaory, a manner of the musical {one waveform
calculation being changed according to the characteristic control processing selected by
said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating, musical tones by sequentially reading said

sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.



be- sounded simul taneously and the effect grade by setting the CD4 val ue.
Further, the tine flow of processing executed by the software tone
generator, shown in Fig. 4, shows only an exanple. THE SePiben?eq ati ons
between frame size, inputting of performance data, waveform cal cul ation,
and readi ng and reproduci ng of waveform data are not |limted by the
figure. For exanple, the timng of the performance data inputting,

wavef orm cal cul ation, and readi ng and reproduci ng of waveform data with
respect to the frane maybe differentl §’ set. Besides, although the tine

[
| ength of is fixed in the. descri bed di ments, it be
var tabl o for Cuehymtpaset Seaseifa oo QeI enmriphan & complier,

char acterci &@ﬁls_i;lq] that a plurality of waveform sanples can be generated in
the time ‘drreatd on by one tone- generator processing. 10 Septenber 2003 69
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conmput er, conpri sing: a pertornmance mati on-recel vi ng

recei Vi NGoRRhhinBRg $Cgdriaf0E ARLiLAMonali ch designates a pitch of each of the
nmusi cal tones to be generated; a control information-receiving step of
recei vi ng contar gdcohdfrédeiiig €8 of ra@UAOInMaS e THIGTRABEE befinindOa Sh&inah
generating a sequence of nusical tone waveform sanples for each of a

pl ural i t amelunic bfrpnedessioyi rdapgritfy ¢ edetenpita@et/hichnean per émfoydd f@sSpAsse to
sai d received performance information, wherein each sequence of nusical

t one wavekoemiigaapt es generated has the pitch designated by said
performance i nformati on, and the nunber of said waveform sanpl es generated
during said prosfiertnnstard e@iniag perd ndsital tonearivetooy uendationdorcopitinaiity| ed by

said control information, and ) _
of channels being sounded which said performance information commands to generate

tones, for generating musical tone waveforms in said plurality of channels being sounded,
wherein when said performance information commands to start generation of a new tone,
one new channel is added to said plurality of channels being sounded, and when tone
generation in one of said plurality of channels being sounded is finished, said one new
channel'is removed from said plurality of channels being sounded;

said generating step generating said musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation thereof limited such that a
maximum number of said plurality of channels being sounded for which said musical tone
waveform calculation is carried out is limited in accordance with the limitation information
by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a total amount of processing capacity of the computer which is used
by said musical tone waveform calcuiation for said plurality of channels being sounded
exceeds the maximum amount defined by said limitation information.

18. The method of claim 17 including the step of terminating waveform calculation
when a limitation amount indicated by the limitation information is reached.

19. A method as claimed in claim 17, wherein said limitation information can be

set by a user on the computer.




a reproducing-step of playing back said sequence of nusical tone waveform
sanpl es generated by said waveform sanpl e-generating step. 2. A nethod as
claimed in claim1, wherein said control information i% S¢nigrober200dn
relating to a sanpling frequency at which the mnusical tone waveform
sanples are generated. 3. A nethod as clainmed in claim1, wherein said
control information can be designated by a user on said conputer. 10

Sept enber 2003 70 4. A nethod as clainmed in claim1', including a display
step for displaying on a display a sanﬁping frequency at which the nusical
tone waveform ner t|n nusi ca

I
t ones which i szﬁggcﬂhegjg Ogﬁsg ?ff)l'ﬂtcg im™1 @Hﬁnﬁ%}"sg%ger}f 108 &18P; MO8y of
recei vi N9, leelolﬂlE %letﬁ‘ué?c}al %n%c\?gve%rfrp gl&&gt%a gre Pllggs?roggécif%gg P@rrﬁﬁiltgi(ﬁpndl ng

respectively to a plurall ce parts i ved

per f or manggnd f&{caés.b%sﬁsﬁbgmm rﬁ&%‘léu%ﬂor?for@ﬁ&lat RhstbhE o falif,ONe€s to

be generated; a generating step ot generating sequences ofgﬁtglca t one
vvaveform&gﬁmhgghaggééﬁgmﬁgé@g to said plurality of performance parts
during a predetermined tine period in response to said performance

i nformation, wherein said sequences of nusical tone waveform sanples
gener at ed have pi tches designated by said performance information, and a
time density Qfl. sairets@hubpaesatdl mMuskdtat abnekomtgchvay efceutet sanplempufepr each
of said nusical instrunment parts to which each of said pieces of said
recei ved coperndimg-nmance i nformati on corresponds is i ndependent of the tinme
density of said sequences of nusical tone waveform sanples for the other
per f or mance i \sfirstuaesiting piap & regsivingld plurslitp fof pieeespdftpsifomiansa diforofatiome

nmusi cal tones to be generated; a reproducing step of playing back said
sequencedorePmmasHing to Q%ﬁéat‘%\ﬁ‘wﬁﬁrt?ﬁessarrpl es. 10 Septenber 2003 71 6. A

nmet hod of generating nusical tones which is executed on_a conputer,
a second receiving step of receiving limitation information defining a maximum

amount of processing capacity of the computer which can be employed for tone
generation;

a generating step of carrying out a musical tone waveform for a plurality of
channeils being sounded which said performance information commands to generate tones
for generating of musical tone waveforms in said plurality of channels being sounded,

wherein when said performance information commands to start generation of a new tone,




conprising: a performance information-receiving step of receiving
performance informati on which designates a pitch of each of the nusica
tones to be generated; a control information-receivi nd0&epiember2088ei vi ng
performance informati on which designates a pitch of each of the nusica
tones to be generated; a waveform sanpl e-generating step of carrying out a
nmusi cal tone-generating calculation to forma waveform based on data
stored in a nenory beforehand, in rg gonse to said performance
information, to thereby generate a s a ence of nusical tone waveform

| , which h h i h desi d.b id f i nf i ,
2 1 meha R P9 BBk PR 5 odneShdnd Bl SR o ™ "
repr oduc'geaergﬁo%ﬁn%ep&f%xfd;%"gfﬁg Kt %ﬁérﬁlﬁ@.%ﬂf@n po%naéd URihal danEMpYef orm

sanpl es; “sal d wavef orm'sa enerating step carrying out sald musica

t one- genghgineNg rerﬁ@‘)eﬁgjo%ts';aﬂfbllﬁrgli@ gf?nﬁﬁnéf@ugﬁ@gmnaad.sel ectively using

different data of said data store sal d nenory according to said

control inforray |g@ﬁeraﬂr% sEEP§SERRINg 488 nubRaltond\whHRIAE t?fsaﬂ&ﬁkﬁ%‘ic%t iong musi cal
tones which is executed on a conputer, conprising: a first storing step of
storing waveren® lcylcaiatic | waiah ehasf arf afmslntwelv &fiqilationl ahéreofsidnmdeslicat thae a
predeterm ned sanpling frequency; a second storing step of converting said
sequence meinfun stmbenod said plutditecft ahaaneis egingesmmded fos ehizhdaldanedaal nelat a
sanpl ed at a sanpling frequency different from said predeterm ned sanpling
f r equencwagefdrh aaltuigfioans cafded pelds imiekivratperdandetwithhthe lioftatiopdnfdmssdiquence of
first waveformdata, and storing said sequence of said second waveform
data in mibitingsagapasicaioneavavaioon salclaienrfecsime eigaisk Riyady of eheanelp ng
performance informati on which designates a pitch of the nusical tones to
be gener 2618504988 B2 PRt YPER POROFRSEIBR FRRRFTY obihe SPMPUEEVRIFRE UsEft r o

i nformation;. a wavef orm sanpl e- generating.step. of neratjng nusical tone
wavet or m?Y SARIMC (RECHNGIP L SAPURG0 SFTCE D PRIt AV PR GEP AR sai d
sequence Of 3SR aximiH Sl AaLS 6 K ihilaRor B Yion 20

a step of terminating waveform calculation when a limitation amount indicated by

the limit information is reached.




a reproduci ng-step of playing back said sequence of nusical tone waveform
sanpl es generated by said waveform sanpl e-generati ng s\L() ;- sai d_waveform
sanpl e-generating step generating said nusical tone wal F%mbeéati’ﬁi es whi ch
have the pitch designated by said performance information at a tine
density corresponding to said control information, using one of said
sequence of first waveformdata and said sequence of second waveform data
according to said control informati ogl 10 Septenmber 2003 73 8. A nethod as
claimed in claim7, wherein said tine hensi ty is selected according to said
recei ved contrgl ,infor tifon. 9 .. An a%ﬁ)?rat us for.%(generati ng nusi cal

t ones, conpris hénagpgr%ﬁgu?reqpn?rgpnge@g% RG> LOMEET"hI tone generating
process and o i I t cor r.esnondi Q_nusi.cal ..t one

wavef or m samfig%&ﬁg'?é?’n%g%‘ﬁ@d taoﬁlgpaﬁge%reé'ggﬁgngpBgrgoééggcecgﬁ%wgoe"s IP‘%rhe st eps

of 1 a perdeAEAmae 6f inﬂéi@élWés%ﬂ”ﬁﬁ%&iéfr%}ﬂ%%rﬂgg@h%g? rct%ﬁ@'h%[lga Sl ace

information which designates a pitc sical tones to be

gener at edyavafoff talcOlatio P NEiraR{ of BFHNKIsNBirdt Sin@Ed WRERskidNSEroRRi:R!
information; a waveform sanpl e-generating step of generating a sequence of

nusi cal tiefenativR ¢cohmanisSBIgehesid Bnds, Brwedrating alisicdasmas lif saly piuRdinof
predeterm ned tine period in response to said received performnce

i nf or mat ichapnalkhiesing soubded) vihecgirewhen sdid pasoroahce infun@ativrVEhdiands a0 plags

generated has the pitch designated by said performance information, and

t he nunbaienertignpide waw dérex N aaw|cbanrgt iseadiied do deidiphgaldyabtchaoneld eeipgn ned

time period for each sequence is controlled by said control information;

and a repedcHad; arf wherptope gpnagtiongn loae kf said glusityud sbennefs being swhdedine

wavef orm sanpl es _generated by sai d wavef orm sanpl e-generating st eJ). 10

Sept enberiNBer sgid ong new shanpshis reipqred frgm sgiskriyrality alchanrsicbaing saveded;

conprising:. a co%ut e{%for execut i ngﬁoa nmusi cal tone generating process and
C

outputting mF@ldSRMPHIH Genering fausisabioRg WeKeTRTS Rya3aid HRICAlARNeriAvRIo8 npl es,

wher ei n Sc%icgla{“lé)nnvevhich has an amount of calculation thereof limited such that a maximum
number of said plurality of channels being sounded for which said musical fone waveform
calculation is carried out is limited in accordance with the limitation information by inhibiting
said musical tone waveform calculation for some of said plurality of channels being
sounded when a total amount of processing capacity of the computer which is used by
said musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.

23. A method of generating musical tones which is executed on a computer,

comprising:




generating process conprises the steps of: a performance
information-receiving step of receiving a plurality of pieces of

per formance i nformation corresponding respectively to1958pigrder 2603of
performance parts, wherein said input performance information designates a
pitch of each of the nusical tones to be generated; a control
information-receiving step of receiving a plurality of pieces of control

i nformation correspondi ng respectively to said plurality of performance
parts; a generating step of generati éaa sequence of nusical tone waveform

sanples in said at | east part of said plurality of channels.in response to
sairrg per f or mar"i'cféirSt Weﬁ?'ﬁ'PQréfq%o?f, RIS B Wﬁ?e'aﬁaﬂﬁt@no&'%9?%%{73"‘?50?12

f ted ,h th itch desi ted b id f
o or et PO e o PR RGN0 8b SBaPeo s eqence of musi cal tone wavel orm
sanpl es for egcfi, dé@éiﬂn&&%% %@gﬁiﬁ RAEIStichGesoitioh thiGREHorf laﬁiﬁ{;jﬁbé" eces of
sai d recei ved performance I nfornma |o% corresponds I's con?réel e y each of

sal d_p! Ulsgnpfng 1 uaﬁcg%?ﬁmeﬁ 8B4 e AERHTRLNBRS aibngraldPhRiucing step of
pl ayi ng back salid sequence of nusical tone waveform sanples. 10 Septenber
2003 75 11. An qxpBRbiRd s8p Bpéa_ngﬁ\Pqu% in@icAShe Fbvdi@RESalcufeBBR i @bfithse @
conputer for executing a nusical tone generating process and outputting
musi cal t®Red ERbfmesHeeNafoMeation fofgerpdting aneequved of MusrEPloAs wavBkrma

wavef orm nmenory for storing waveform data; wherein said generating process
conpr i sesatbles shizh hagd the it¢greddsignated de said perferatancminfognationj ng st ep of

recei ving performance i nformati on which designates a pitch of each of the
musi cal tongs stid gemegding sipegenesatiog riaido mupindlolona twayeforre caimpiesgbys saig  of
recei ving control information; a waveform sanpl e-generating step of

car ryi ng neisicablone wevefprm estalaien ahighihag calgulptian rgeelelientthereefiransignaiad & or m
based on data stored in the nenory beforehand, in response to said

per f or mar$8i8 RlsHiHoREpRIHiontifomaliorWheiRin ietuabsr SletpiftMEdc fongaveRIM t one
wavef orm sanpl es, which has th itch designated by said perfornmance
i n¥or mat isgﬁ'g%ﬁf’g%””ﬂtit'h? 'ﬂ%‘?{gﬁoh‘iﬂe@o%afé‘?b%’%a;"ﬂﬁ”?’éih %@?'E%Wf‘rp ol information;

and a reproducing step of playing back said sequence of nusical tone
wavef or m




sanpl es; sai d-waveform sanpl e-generating step carrying out said nusical
tone-generating calculation to forma waveform by sel ectively using
different data of said data stored in said menory acc@refPiRyNter2833 d
control information. 10 Septenber 2003 76 12. A nmethod of generating

nmusi cal tones which is executed on a conmputer, conprising: a first
receiving step of receiving performance information; a second receivVving
step of receiving selection infornati%?; a generating step of carrying out
a nusi cal tone waveform cal culation it response to said received

per formance i Qﬁor teith%H’alsfc im&?@ﬁc{ljﬁrtsnie#gEnt%luaﬁgyléecggﬂiayoét?;?ﬁg&igg%gnggérﬂger of

musi cal tone wavef orm sanpl es, 've ]’ec rated

sequence dgp[ay%h%ﬂ}un{‘d*f@l:éﬁlaﬁ;n rgg\ﬁlieﬁ% shA MY BhO WR AP diciudtiBn dndhUr al 1 ty

of characteristic contro processings according to said selection

i nf or mat indfbeSétintLisRbIbAdS dereRitedaRIGh RidaPlohs waGstbinPéalculfiBR €SSi Ngs bei ng
different in at | east one of processings contents and cal cul ati on anpunt
fromeach other, and storing said generated sequence of the plural nunber
of nusical tone waveform sanples selectively subjected to said plurality
of characteristic control processings in a nenory, a manner of the nusical
tone waveform cal cul ati on being changed according to the characteristic
control processing selected by said selection information; and a
reproduci ng step of playing back said sequence of the plural nunber of

musi cal tone waveform sanples for generating nusical tones by sequentially
readi ng said sequence of the plural nunber of nusical tone waveform
sanples fromsaid nmenory at a predeterm ned sanpling frequency, said
generating step being executed with a repetition period |onger than one
corresponding to said predeterm ned sanpling frequency. 13. A nethod as
claimed in claim 12, wherein said selection infornmation conprises
information for determining at | east one of (i) an order of a digital
filter used for processing the nusical tone waveform sanples, (ii) whether
to use the digital filter, (iii) a nunber of nusical tone waveform sanpl es
to be used.in interpolation executed 10 Septenber 2003 76a




on the nmusical tone waveform sanples, (iv) a type of the interpolation, (v)
whet her to carry out the interpolation, (vi) whether to carry out
nodul ation of the nusical tone waveform sanples, and1P@epiemiRetder to
inpart an effect to the nusical tones to be generated. 10 Septenber 2003 77
14 A nethod as clainmed in claim 12, including a display step of displaying
on a display an anount of cal culation required by said sequence of nusi cal
tone waveform sanples, calculation and a nunber of nusical tones generated
at said reproducing step. 15. A nethod’ as claimed in claim14, wherein said
selectio% or ma nf or mat | or adding or omtting at |east one
ISt

charact e nap@SFﬁtL}sr}Pr%qngmqu mya! ?ﬁ?ﬂ?s CHRYSBFurality of characteristic
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pr ocessi ngs nera ES are
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cal cul ation reqU|re or generating a nu3|ca tone wave OFH]@ r one

nusi cal %Qmﬁlnﬁg&l‘e\dh&%y%@%kﬂh’fl@m&ﬂoﬁ@@vﬁ'vef&ﬁ@a?ﬂ %ra‘tédl Qbk é%fecmgd at
| east one characteristic control el enent nig) 003 78 16. An

appar at ug hagicd@hrey gdriehfingpsbceas ah®RPuting Wézc@l &ﬁles @oﬁ@aﬂahkm@g td 84id
executing a nusical tone generating process and outputting nusical tones
corr espomdlisitgl tobe Musehah daapsyamefedr 8ais acn generatingr@odess abhptisesethe
generating process conprises the steps of: a first receiving step of

recei vi ngtgpenf.or mance information; a second receiving step of receiving
selection information; a generating step of carrying out a nusical tone
wavef or m cal c@lcatculahing step ebgasiving out 8 nyusical toee viavaferpesiquiatinnircigsParser mat i on
received at said first receiving step, to generate a sequence of a plural
nunber ofto §8idi REATRGE iDlaTRFtiep Pl apRFrng aseausere of iMMsicpl opejvaveloR  sai d
gener at ed selguence Ofeetﬁ%l ural nunber of musical tone waveform sanples to a

plurality®™8 S Which fay ??tt?rbdei?&q?‘ieﬂlbyﬁ?'ﬂ@@ggrﬂﬁﬁc%@%mﬁﬁ%g to said selection
f t d t t t b
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of nusical tone wavetlormsa I'vely su ted urality of
calculation resolution information, wherein the number of said musical tone waveform

samples per unit time is controlled by said calculation resolution information.




characteristiec control processings in a nmenory, a manner of the nusical
tone waveform cal cul ati on bei ng changed according to the characteristic
control processing selected by said selection infornefi%sptenss2¢p3
reproduci ng step of playing back said sequence of the plural nunber of

nmusi cal tone waveform sanples for generating, nusical tones by
sequentially reading said sequence of the plural nunber of nusical tone
wavef orm sanpl es from said nmenory atmg pr edet er mi ned sanpling frequency,
sai d generating step being executed 1h a repetition period |onger than
one corresponagigngat i.d L sanml i I Cy. enber
2003 79 17. %‘6 el é@#%gﬂ%?fb%ﬁ%@r@@%&%ﬁggg\,tﬁi%gﬁ&.é ?ﬁé‘ﬁgg on a
conput eriperf@r%@ﬁieﬁioﬂ%fge%e?dtiﬁé?nu%ﬁﬁﬁb dsWehichi & §§esr: eceiving a plurality of
pi eces of perfornmance infornation, or conna# Ing to generate nusical
tones; a secordtheifoffnt iforfilatith-REeiling Sle¥ bhN@chilifg EsHtlobRfkRiRAMAL i on defi ning
a maxi num anount of processing capacity of the conputer which can be

enpl oyed for tzowavef@ensirplé-generaing step oNgemdrating & s8fuedbe GRMukicADtoRdt a
nmusi cal tone waveformcal culation for a plurality of channels being
sounded wavetarng aardpleefof eaghend egluralihoofichanrars duninyapdsieteomiged tihaperiodiones, for
generating nusical tone wavefornms in said plurality of channels being
sounded, resphbseeinsaithcereial deperancednicmation evherein eachcernuanas oft musicar t
generation of a new tone, one new channel is added to said plurality of
channel s '¥Ei #gveeirh camplegnaendided thasethegpitrdr designeted, by neaidfpesfainense ur al ity
of channel s being sounded is finished, said one new channel is renoved

from sai dTYMES 8)d othec AYRRY OF peaich gvasinide §ampiss doesriedit fuiga s 6ap
ti i d. ical .t f . b j ical ti / f
Oa cut ot PO TR Fins ParcREeAtD BroHadt infPatslei oY e 6ofral P TRl Gk hat a
i nb f L. 1Ly of ch | s bej d f i ch id
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with thesg%g%gation information by inhibiting said nusical tone waveform
calculation for some of said plurality of channels being sounded when a
total amount of processing capacity of the conputer which is used by said
nmusi cal tone waveform cal culation for said plurality of channels being
sounded exceeds the nmaxi num anount defined by said limtation informtion.




18. The method of claim 17 including the step of term nating waveform

cal culation when a limtation anount indicated by the |imtation
information is reached. 19. A nethod as clainmed in cl dPmeptembghadisi n sai d
limtation informati on can be set by a user on the conputer. 10 Septenber
2003 80 20. A nmethod as clained in claim17, wherein said generating step
no | onger carries out said nusical tone waveform cal cul ation for a | east
one of said plurality of channels once said nusical tone waveform
calculation for said at Ieast one of ¥xid pl urality of channel s has been
termnated. 2 %Srreth geteqerati nﬁ. rruszi ca ttones which is exe ut ed on a
conput er, #gf’l RGeS refaﬁis',b SPIage MFPIE Lol BRrUFIQNGIt PR SAMALET ¢y of
pi eces. of; g&%& TGS SUREARY Bcal Bl SRTNBARbAZe! 0.0t or it o

t ones; cond recer Vi recerving ion information defining

a maxi rru m angu ﬂ—:tceﬁifng Ri&- of ?éc.%ﬂnn@a&) ?fﬁ}f&lﬁ){ Uk didies R Rt iffdrfain Pe

enpl oyed for tone nerati on; ng step of carrying out a mnusical
tone wavebRédPoh@hg aespédwab td a/pmamy%h ARBEAI nsREmBa: RS NARHeNAR Re @Rk
performance information cormands fo generate tones for generating of

nusi cal  tpeFermaaYe nfrBtidnitieSighsle®h Bitadl df eictPdf thANAEd SorlR8 td Kk §eniad,

wherei n when said performance informati on commands to start generation of a
new tone, 10 Segdrerdtiag sEROSF Géharatiog Sctmnced an AekichlStons detleform Saimgiepl ural ity
of channel s bei ng sounded, and when tone generation in one of said

pl ur al i t ywouéspohding &l saicoglunality sdpertbedaiice fartaidsireda pedetermoined tresvperddidcinnel i s
renmoved fromsaid plurality of channels being sounded, said generating step
gener at i igePreased tmssidcegrformanrcenaiashations Whgraimisdidneerduengest oheusigaly toher m
cal cul ati on which has an anount of cal cul ation thereof limted such that a
maxi mum A@YBEFM spmBlgs geparated (hpys piéghes dasiarated By paid psEoimange ffermalesh sai d :
nmusi cal togﬁl wavef orm cal culation is carried out is Iimted in _accordance
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corresponds is independent of the time density -of said sequences of musical tone

waveform samples for the other performance parts as well as of the pitch of each of the
musicai tones o be generated; and

a reproducing step of playing back said sequences of musical tone samples.



by. sai d nusi cal tone waveform cal culation for said plurality of channels
bei ng sounded exceeds the maxi num anmount defined by said |imtation
information; and a step of terninating waveform cal culldSeaiembges 03
limtation anmount indicated by the limt information is reached. 10

Sept enber 2003 81 22. An apparatus for generating nusical tones,
conprising: a conputer for receiving a plurality of pieces of performnce
information for generation of nusical %5 nes and limtation information,
and carrying out a nusical tone waveformcalculation for a plurality of
channel s bei nggs | sal r - Lnfor i o) to
generate tone%,& % (Lﬁra] Q@g'ﬁgggfﬁ%ﬁg&%ggglgpﬁ& g‘eg%@%i"ﬁgt@g'fo&gﬁ ﬁrl]a}fa%t%p Pe?channel S

bei ng_soyngstlm ELRLS WRGLARY HuRE] LALIRRER cbrifRkaat | on commands to start

generation of a new ton€. one new chann to said plurality of

channel s being ,SRIAGRS inRRFatUAERAANE sBBNGH RLEARG | farMfaned iSBintaBhur al ity

of channel s being sounded is finished, said one new channel is renoved
from sai ¢yhithlesighdtds #pitdhABBEH & thehigcas @inBsl Rke gepbfhtae@nput er generati ng
nmusi cal tone waveforns by said nusical tone waveform cal cul ati on which has
an anmount of ealoatdl aifbrenatibriiaiceioing biepiot @deising Borthvfinfoamatoat num  nunber of
said plurality of channels being sounded for which said nusical tone

wavef orm cal euvatdfom sanglegenaatingusiep of lcanyitngaut B aosical damegensrdtihgt he
limtation information by inhibiting said nusical tone waveform

cal cul at icalnulatinn te fove sofavefdrn baked en daty siofeddh ammaiasy beforehand guredeahsahen a
total anount of processing capacity of the conputer which is used by said
musi cal {t@rf@aid\ROEIrBARSE dfermagen. oe {P@rebyag@epqt@.rqaﬁeglger@e ¢hawaieaistopei ng
sounded exceeds the nmaxi num anount defined by said limtation informtion.
23. A netfRyeont syrples thidhganils pian desigaatedihy SRidirsTRTEAR6R B¥PTBRtRM @bfput er
conprising: 10 Septenber 2003 81 a first receiving step of receiving
performaH&‘& q%ﬁ?'gr(ﬁﬁ??pé’ﬂd'm?Ocsf?’cg‘é’é‘?rﬁldg{]@%a%ﬁn’ tch of each of the nusical
tones to be generated: econd .r iVvin t of ivin | cul ation
Fesol ut on' i nEoRReEghe REET RG0S B SR e o LR B W sl ca

t one Wavggrgglgb.sarrpl es are generated; and a generating step of carrying out
a nusi cal tone waveformcal cul ation in response

said waveform sample-generating step carrying out said musical tone-generating
calculafion to form a waveform by selectively using different data of said data in said

memory according to said control information.




to said performance information for generating a sequence of nusical tone
waveform sanples which have the pitch designated by sai d performnce
information; said generating step generating said nusil@aepr r f%ef or m
sanpl es by said nusical tone waveform cal cul ati on which has cal cul ati on
resol ution thereof designated by said calculation resolution information,
wherein the nunber of said nusical tone waveform sanples per unit tine is
controlled by said cal culation resolu%'on i nformation. 10 Septenber 2003 82
24. A nmethod as clainmed in claim23, Tnhcluding a display step of displaying
on a displ ay el e ] ULk i i.ca

waveform cal cu a?ﬁﬁ%ﬂﬁﬁﬁ%%&ﬁﬁhﬁggbéﬁ%d@ﬁ%#éﬁﬁﬂP§ﬁ€§§§g%g&%?éﬁkﬁygggid

musi o2l LOBEHMEHORDR GRUcALlafid Alkica brBERHERBER,AA03 B3 2. An apparatus

for generating nusical tones, conpfising: a conputer for receiving

per f or maNCe i RffRERIring Btedk SRR nEHRUES sBquRhbS B Mt vRAERNR fiatalsBRpRUST cal

tones to be generated and cal cul ation resolution information relating to a

sanpl i ng &t b prYdeREMinad sivipiRb friatasdnel tone wavef orm sanpl es are generated,
for executing a nusical tone generating process and outputting mnusical

tones correspenskicoqd tstrisglistkp fusineerting efid sequ@ico ronfisd Everymvdaes & 8 sai d
tone generating process conprises the steps of: a calculating step of

car ryi ng segienae wiisémat wavefernelate fsampied st @udaatpliqgn frequenes giiersat frane ssidi d
performance information for generating a sequence of nusical tone waveform
sanpl es \WRdstermied sameling fredvetesanghbaving dy ideniicdl pevdsbepmwie thatfodsaidt i on;
said cal culating step generating nusical tone waveform sanples by said

nusi cal SEB¥RECOAUESIYavERED dalaadntb¥tonig saifl sequencelof said spennd wayefok Hafa t her eof
designated by said calculation resolution information, wherein the nunber
of said rﬁ‘hg‘ie%'ﬁfy;tone wavef orm sanples per unit time is controlled by said
cal cul ation reso'rﬁgi on intor 2003. 84 2

| rrﬁti on.. .10 Sept enber. 6., A i
machi ne- r eadafl BSHERPUH STVMPIY-PHEYPY, _qpoﬂsr%CS‘VEQ&egoﬁn%ﬁp'ﬂpgpa 8 perform
a met ho".ﬁ%h%%@@ﬁ&%é Q%it%w&'tﬁef%uéigaﬁ]%%em bceg%e[%ﬂaﬁéd;se& a performance
information-recéiving step of recelrving C rol T nformation,;

a control information-receiving step of receiving control information;

a waveform sample-generating step of generating musical tone waveform samples
based on said sequence of first waveform data or said sequence of second waveform data
stored in memory: and

a reproducing step of playing back said sequence of musical tone waveform
samples generated by said waveform sample-generating step,

said waveform sample-generating step generating said musical tone waveform
samples which have the pitch designated by said performance information at a time
density corresponding to said control information, using one of said sequence of first

waveform data and said sequence of second waveform data according to said control

information.




a wavef orm sanpl e-generating step of generating a sequence of nusical tone
wavef orm sanples for each of a plurality of channels rin et erm ned
time period in response to said received perfornanceqpﬁ?B%ﬁﬁFﬁ%ﬁ wherein
each sequence of nusical tone waveform sanples generated has the pitch
designated by said performance information, and the nunber of said
wavef orm sanpl es generated during said predeternined tinme period for each
sequence is controlled by said contr%g i nformation, and a reproduci ng step
of playing back said sequence of nusital tone waveform sanples. 10

S b 2003,8 i - dabl t or. di tori
i ﬁgt (rauc'?!r ons t%g g@ﬂ%cémaeﬁ%%%%[};Sgifra%%%S@PPgsﬁﬂngr'%g@ﬁtﬁsIﬁ‘%’%ﬁ%{% B%Htﬁr nusi cal
tones m&%@gﬂpﬁ@%ﬁ&e f%eﬁ&sﬁgym&g@caﬂog& Qhich Esibreb0d 2 plurality of pieces

of perfor rmaticon corresponding respectively to a plurality of
musi cal instr um?me&ﬁ,rntg%tepvm]f‘éc@fvmg%@H&n{aﬁeanmaﬁo@.?r formance information

designates a pitch of each of the nusical tones to be generated; a

generating St%Qe@&nd@@d?ﬂ?@ﬁeipnﬁrémﬁ&finﬁﬁﬁém! tone wavef orm sanpl es
corresponding to said plurality of performance parts during a predeterm ned

time period i ageheapestep bicat@ing opes rukiEINGS: Wafeidritddoitiommatgionssai d
sequences of nusical tone waveform sanpl es generated have pitches

desi gnat éxsdiy psdierchaper htormativne far yEosratirtgi 0 sequeacaofa plurahmuchbas oft ivusidal sai d
sequences of nusical tone waveform sanples for each of said perfornmance
parts t o taeiwivebbaoisaoblesadnd grilentiesly efibjedlingl to ezie igeretated rsbouemas o€ piurd or nat i on
corresponds is independent of the tinme density -of said sequences of

musi cal fBMEer Rhvessiiamienenpassiomprsampesoicher Ppedibo ofeaheeacisastics carirohel | as
of the pitch of each of the nusical tones to be generated; and a

r epr oducPFRGEEINGS a6F0rdiNg i $oif! $riRakion infaamatingeaid sRaragtenais pentiol PrapRsSgRpI es. 10
Sept enber._ 2003. 86, .28.. A nmachi_ne-r eadabl tor dium storin
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receliving control 1 nfornmation;

memory, a manner of the musical tone waveform calculation being changed according to

the characteristic control processing selected by said selection information; and

a reproducing step of playing back said sequence of the plural number of musical
tone waveform samples for generating musical tones, by sequentially reading said
sequence of the plural number of musical tone waveform samples from said memory at a

predetermined sampling frequency, said generating step being executed with a repetition

period longer than one corresponding to said predetermined sampling frequency.

31. A machine-readable storage medium stforing instructions fo cause a computer
to perform a method of generating musical tones which comprises:

a first receiving step_of receiving a plurality of pieces of performance information
for generatiﬁg musical tones;

a second receiving step of receiving limitation information defining a maximum

amount of processing capacity of the computer which can be employed; and




a waveform sanpl e-generating step of carrying out a nusical tone-generating
calculation to forma waveform based on data stored in a nenory beforehand,
in response to said performance information, to therdBypegienbeai®3a
sequence of nusical tone waveform sanples, which has the pitch designated
by said performance information, at a tinme density corresponding to said
control information; and a reproducing step of playing back said sequence
of nusical tone waveform sanples; said waveform sanpl e-generating step
carrying out said nusical tone-generﬁﬁ?ng calculation to forma waveform
by selectively using different, data of .said data in said nor ccordi ng
0y sai d_cont r OSRELRGRER §fanyis0 8k Bl ths0F ot sg0LondSA AveRiadabi o
st orage iumstoring instructiqns . tq cause a conputer to performa nethod
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predet erm sanpli quen a second storing s converfing said

sequence yafngfsblitded \INGERWReA 84ia pEﬁorﬁxan@@ﬂ%ﬁﬂ&%n%En@‘%ﬁ@Q% MY LAt 2
sanpl ed at a sanpling frequency different from sal predet er m ned sanpling

frequencywf amdwhand, Bfie ABw icARNe| i6 dddpisasalpRerality bhcidnadls ®bing @bthdeg @Agence of
first waveformdata, and storing said sequence of said second waveform data
i N MENDr YWhed tQRY deMeralios ¢ orif SirsaRrt pioatity @F ehannslg being Boahdddas @hivhed) said
performance informati on which designates a pitch of the nusical tones to
be gener ahedewaharort is sdmoveti dromedaidoplurakiy e chiangelsbeipy sfunded;ei vi ng contr ol

i nformati on; a waveform sanpl e-generating step of generating nusical tone
wavef or m sanplsais geberatinh Hep gelictttivg gaid musicef tofg weeforengdlysainh rdegical tonesai d
sequence of second waveformdata stored in nmenory: and a reproducing step
of pl ayi Mevefaew celsrigtie whish d@sosn ginsHeiadf ealguiatinn thgrepimimitagnplicasthgleder at ed
by said maveforn1sanp|e-8eneratingﬁaﬁep, sai d wavef orm sanpl e-generati ng

step gen@BTHY NYRPE thait ChiratoMeNARRA RINE SABHRY 6 Wiish SRIAHBNECHY 1982 pi t ch
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by inhibiting said musical tone waveform calculation for some of said plurality of channels
being sounded when a totat amount of processing capacity of the computer which is used
by said ‘musical tone waveform calculation for said plurality of channels being sounded

exceeds the maximum amount defined by said limitation information.




wavef orm dat a and sai d sequence of second waveform data according to said
control information. 10 Septenber 2003 88 30. A machine-readabl e storage
medi um storing instructions to cause a conmputer to peﬁpépﬁpﬁ“ﬁﬁgﬁgd of
generating mnusical tones which conprises: a first receiving step of

recei ving performance information; a second storing step of receiving
selection information; a generating step of carrying out a nusical tone
wavef orm cal cul ation in response to said perfornmance information, for
generating a sequence of plural nunbet® of nusical tone wavef or m sanpl es,

d I i I i i .sai d .of pl I nb f
and el ectivel.x UL ecthgg 016818 GaNeLT Sh-a B IS Guch, Bot e ©
br ocessi Nia, @Ok Ghiidh b9 1Sl hoRg s rhibal [ IREION caflaflf IRARLEY T SLI €
control processi ngs erng | rent 1n a east one o processi ng contents

and cal Cyjrah a%é@gh@%mgﬁrﬁ reafbalcRiaRGH realid SEGINNnGAL tgon%gﬁtﬂ‘faﬁ'ngﬁﬁ :
sequence of the plural nunber of nusical tone waveform sanples Selectively
subj ect edaidGinmaidh ifbkiaibht Y of characteristic control processings in a
menory, a manner of the nusical tone waveform cal cul ati on bei ng changed
according to the characteristic control processing selected by said

sel ection information; and a reproduci ng step of playing back said sequence
of the plural nunmber of nusical tone waveform sanples for generating

nmusi cal tones, by sequentially reading said sequence of the plural nunber
of nusical tone waveform sanples fromsaid nenory at a predeterm ned
sanpling frequency, said generating step being executed with a repetition
period | onger than one corresponding to said predeterm ned sanpling
frequency. 31. A machi ne-readabl e storage nmedium storing instructions to
cause a conputer to performa method of generating nusical tones which
conprises: a first receiving step of receiving a plurality of pieces of
performance information for generating nusical tones; a second receivVing
step of receiving limtation information defining a maxi num anount of
processing capacity of the conputer which can be enployed; and 10 Septenber
2003 88a a generating step of carrying out a nusical tone waveform
calculation for a plurality




of channel s bei ng sounded whi ch said performance infornmati on commands to
generate tones, for generating nusical tone waveforns in said plurality of
channel s bei ng sounded, wherein when said perfornmancdOiSeptembeat 2613 commands
to start generation of a new tone, one new channel is added to said
plurality of channels being sounded and when tone generation in one of
said plurality of channels being sounded is finished, said one new channel
is renoved fromsaid plurality of channels bei ng sounded; said generating
step generating said nusical tone wav¥t or ms by said nusical tone waveform

cal cul ati on iL,ch has _an a t of calculation thereof |imted such that a
nmexi num nunb\é\gbofAéTéqcamﬁTr @Hﬁgtrye M SAINE SeTMANIR °rs?ﬁﬁ'9flfi‘80°"'§(§'rm\‘/!ﬂ? h said
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total anmount of proces capaci e conputer use by said

nusi cal BRI RidRaf Bhedlode RRehy; sai d plurality of channels being
sounded exceeds the maxi mum anount defined by said limitation information.

10 Septenber 203ortrecaiving 3BE obfcREitiBg camdhtym @éolﬁioalsm%_tiwﬁenﬂng 1 Be

musi cal tone waveformcalculation is limted by term nating said nusical

t one waveb@pingdalgaedagtat @hich mueidaladred waveitivdRampRE apefmeRgeREmunt for said

cal cul ati on reaches a certain amobunt corresponding to said [imtation

i nformation. B@ecBemtiegritep oREHFiNgdut 3 husidaintacd ivaeforenckdl stiomirdiesporge or i ng

commands for carrying out a nusical tone-generating nethod which is

execut ed toraid raoiopoanse  infommglion Somgenesating ra sequenes wf mysistlefonefwavefosnvi ng

performance information which designates a pitch of each of the nusica

t ones t o SRBPIgaMEichhaye thg pg@bféﬂwnafégéwalﬁ@eé@rwn@ﬁ infoggetioi ng cal cul ati on

resolution information relating to a  sanpling frequency at which nusi cal

t one wavef or mS@4JANEEANRY Step-griterating : saidh MusicyeRB? HavAlgratepIPE BAFAidi ng out

a nusical_tone wavefqormcal cul ation in response to said r f ormance
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samples per unit time is controlied by said calculation resolution information.




nmusi cal tone waveform cal cul ati on which has cal cul ati on resol uti on thereof
designated by said calculation resolution information, wherein the nunber
of said nusical tone waveform sanples per unit tinme 9 Saptenbsr 23 by said
calculation resolution information. 10 Septenber 2003 91 34. A method of
generating musical tones which is executed on a conputer, conprising: a
performance i nformati on-receiving step of receiving performance information
whi ch designates a pitch of each of tg nmusi cal tones to be generated; a

di splay step of displaying on a displ § at |l east one of (i) a maxi mum val ue

of a ratio ofy,ca I of said.computer to he spared for generation of the
musi cal tones 1o &ﬂﬁ%ﬂéé’d 8@83’&%@ ngtrﬁ}g '@Eft?ne(si%'cﬁpsc?ﬁercgﬁﬁ Paf FEBHeEhe ratio
of the C%Bﬁ@h:\%{% .of said conputer spared for generation of the nusical
tones to t )l e capacity thereof, (iii) a sanpling frequency at which
nmusi cal tone Al rad-e VA : ly
inparted to ﬁgﬁﬁgﬁﬁwgﬁégﬁ%cﬂgﬁggﬁrg%g%%wﬂg)a&arﬁ %ﬁ%ﬁﬁ“bﬁ%@é of a
nunber ofwHidhRsPRNBS 8bitdhof BHRHMNSE Mubital Bshes IPEIGSherddnil t aneously, and (vi)
a maxi mum val ue of the nunber of tone- generatihg channels to be sounded
si mul t aneousl y digplayested of dSaMY 6 §eRpRhRkt RAsISIRLIGH ageneh@h vBde af gequence
of nusical tone waveform sanples for each of a plurality of channels during
a pr edet eatin ofedpdcityref gaér contbuten to beeg@ossier daneriba of the eivgied tpesfiowraace
i nformation, wherein said sequence of nusical tone waveform sanples
gener at edapeily theeeqdi (fichculeest it dfdhdonatis af tte pepdoty nbsacecommitepspared Gm, and a
reproduci ng step of playing back said sequence of nusical tone waveform
sanpl es @eRephRneef ting mysica tonss & hemhelengsipacitydiereeft (iNg setpling fi@usegtatnber
2003 92 35. A nethod of generating nusical tones which is executed on a
conput er WhIAgREHGRL F%@:Waé(e%ém F8MARA R PYIrdedrdivi am sffedt spemly iparedde
i.nformation ich des%egnat es a Pitch of each of the
a
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generating channels to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical
tone waveform samples generated has the pitch designated by said performance
information, and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.




thereof and (b) a current value of a nunmber of tone-generating channels to
be sounded sinmultaneously, and sinultaneously displaying on the display at
| east one of (c) a maxinmumvalue of the ratio of the @&eRtember3#03sai d
conputer to be spared for generation of the nusical tones to the whol e
capacity thereof, (d) a sanpling frequency at which nusical tone waveform
sanpl es are generated, (e) an effect currently inparted to the nusical
tones to be generated, and (f) a maxigum val ue of the nunber of
tone-generating channels to be sound si mul t aneousl y; a wavef orm

| e- i f i , f cal f
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period inoympRsAPNse to said received performance information, wherein said
sequence of nusical tone waveform sanples generated has the pitch
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pl ayi ng back sald sequence of mnusical tone waveform sanples generated by

sai d wavefhidhideSigite a @REESFRLLIEN thd MDsica sl ekrdP3 93 36. A net hod of
generating musical tones which is executed on a conputer, conprising: a
per f or mance i raf dispiapt stepefdépliyivg g aslispry of lcastoat of @Y a2uipdrialié bia efiopi eces
of performance information corresponding respectively to a plurality of
nmusi cal iohsapagiteoft saidoemtisifer whaned ifor geaendtioredfdhey mdsipa tdress ambeleicapavitpat i on
designates a pitch of each of the nusical tones to be generated; a control
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informati on correspondi ng respectively to said plurality of nusical
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a reproducli ng ste ayl ng back sal d sequence of nusical Yone veform
channeils to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical fone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical
tone waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.



sanples. 37. A nethod as clainmed in claim36, wherein said control
information includes information relating to a sanplin uenc at whi ch
sai d sequence of nusical tone waveform sanples are geﬁg$ %éb

sanpling frequency being set to different values between said sequence of
musi cal tone waveform sanples for at | east one of said plurality of

musi cal instrunment parts and said sequence of nusical tone waveform sanpl es
for the other nusical instrument par%i 10 Septenmber 2003 94 38. A nethod
as clainmed in claim 37 |nclud|ng an urmul ating step of accunul ating said

sequence of i cal s faor, . ald at ast_one of said
plurality of mrr%m% ét%]ae Y\ggﬁeﬁ%}'ng]a@t'sé aéﬁ%ega‘?' qu%eﬁgtggow PrSTRYE  t one
wavef or m ﬁ@ s for the ot her nusical instrument parts which are

gener at ed At eald different values of said sanpl i ng frequency, and wherein

sai d reproducifngegdrRBndd #YGFmBRsHErebdfing a:fé’bugplrégeﬁ S?%?Iﬁf%f ec%%'sdfcal tone

wavef orm sanpl es as said sequence of rusi cal ton waver or m sanpl e

Sept emberpedB@@mndS infethatidh) cARRBEAIMS rdsPEctidaPas at pi@ntyLLs iredical PRRSment
conprising: a conputer for executing a nusical tone generating process and

out put t i n@rts,NMsdreialsaldoBesveriopdroanatdi infrmAicALtRkighited ansichay eser 61 Hanpl es,
wherein said tone generating process conprises the steps of: a performance

i nf or mat inusicabtopéatog geterptedf recei vi ng perfornmance i nformati on which
designates a pitch of each of the nusical tones to be generated; a display
step of displ & togrobinfamdiianpieesivieg stepadftreceidngfa glutplity ofepi¢oearnfcahtod of a
ratio of capacity of said conputer to be spared for generation of the

nusi cal tRYPERIER CFRFPeNdingBeRECHYEIt thsridpfurallty efmusicelinsteumentparise of the ratio
of the capacity of said conputer spared for generation of the nusical
tones to the \ﬁrﬂﬂnéraé%\%*@PP{/Q?'}?ﬁ*%@ Se@wwc? of Musieall PRy WRYSSIesRETPISR M whi ch

nmusi cal f e ener at élv an effect currently
[ par t ed a&ﬁe Vf%ﬁ%ﬂ%ﬂiwo f bR GBoBR SRS TRnG Barrat. VTR of
nunber of han s 1o i ne ousl and (vi)
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si mul tan%gfdsbé(rformance information, and a time destiny of said sequence of musical tone
waveform samples for each of said musical instrument parts to which each of said pieces
of said received performance information corresponds is controlled by each of said
plurality of pieces of control information;

a reproducing step of playing back said sequence of musical tone waveform

samples.

37. A method as claimed in claim 36, wherein said control information includes
information relating to a sampling frequency at which said sequence of musical tone
waveform samples are generated, said sampling frequency being set to different values
between said sequence of musical tone waveform samples for at least one of said plurality
of musical instrument parts and said sequence of musical tone waveform samples for the

other musical instrument parts.




a wavef orm sanpl e-generating step of generating a sequence of nusical tone
waveform sanples in a plurality of channels during a predetermned tine
period in response to said received performance infor'fasPEMPeRE%3ei n sai d
sequence of nusical tone waveform sanples generated has the pitch
designated by said performance information; and a reproduci ng step of
pl ayi ng back said sequence of mnusical tone waveform sanples generated by
sai d wavef orm sanpl e- generati ng step. 4%. A et hod of generating nusical
tones which is executed on a conputer, 3nprising 10 Septenber 2003 95a a
erformance i kor rece Ok T ornatlon
p 360" T’ 8 CAtinBd 7' AR5 RERLING BS{JnﬂLeHﬂg Siop Hr 0!

whi ch designates a pitc eac nusi ca ones

mveformaé&%é{.na%afa' St RRof Hhush c%ﬂ%h@gve%i%hﬁ%m [RLE, rV@ayoegp|gQgtScﬁgmfeS from

a menory; an inteérpolation step of executing int rpo atron on the read

nmusi cal sGiaepl ket op hitksicaiaREtAtent Bards BRANBSH sGldHek ol reRal hd%vdveroRh
instruction froma user; a waveform sanpl e-generating step of generating a

sequence safples sir ¢ otlﬁéirﬂmjsm\a/ﬁﬁﬁﬁm’féﬂi‘t patsveh 4r6 bemnstad af said @itferend valugs of
channel s during a predetermned tine period in response to said received
per f or mant€ esaichfsamplrig dreqaerdy b amd dwhereinh @aidu saptaducing netep walsgs Qrapk sthepl es
interpolated by said interpol ation step, wherein said sequence of nusical
t one wave@feniatedrpéqiencasmd natsizdl thas wahaom sahpleess gridiseglehbye shindsical
perfornance information; and a reproduci ng step of playing back said
sequence(ﬁﬁvﬁﬁﬁmﬁaﬁmﬂdﬁ% waveform sanples generated by said waveform
sanpl e-generating step. 41. A nethod as clained in claim40, wherein said
sel ect ed manner desi gnates a nunber of nusical tone waveform sanples to be
used in the interpolation. 10 Septenber 2003 96 42. A method as clained in
cl aim 40, wherein said sel ected manner designates a type of the
interpolation to be executed on the nusical tone waveform sanples. 10

Sept enber 2003




97- 43. An apparatus for generating nusical tones, conprising: a conputer
for executing a nusical tone generating process and outputting nusical

t ones corresponding to nusical tone waveform sanpl es, RiRSPEMbes2003 t one
generating process conprises the steps of a performance

i nformation-receiving step of receiving performance information which
designates a pitch of each of the nusical tones to be generated; a waveform
sanpl e-readi ng step of readi ng nmusical_ tone waveform sanples from nenory;
an interpolation step of executing i ntr pol ati on on the read nusical tone

wavef or m sang'lPre;?\ ina {mrémer sel ect ed ?g)%or di ng.t.o_an instruction froma
user; a wavef 0 ZRRTTAMG LN IPRFRING YR BPeY SARPIY ™%y a sequence of nusi cal
t f f f_a.nl | it f ch I i ng.

e e et or % AR ohoRARD. & uiedh AL BBl PORRR. o el

| f or B inQRiaNGhBRsSke Qe BURLGEN bRY Sua YT QIBRIRRS, IkeloRQ! at ed by

sai d interpolation step, ein sald sequence o musi cal tone waveform

sanpl es geR&k odk3s bl efsiRYrgnat ed by said performance
information; and a reproduci ng step of playing back said sequence of

musi cal tone wapgfopinbhces RfBFoNILOMNIRG REbpbYF FREUingLehbRRdNCE dpRIeat@gNer at i ng

step. 44. An apparatus for generating nusical tones, conprising: a conputer

f or execuwihichglegignatss g aitchtdd BecHOEf Mgy ALiSicd) tdhed Geissgdrefatg@ner at i ng nusi cal

tone waveforns and out putting nusical tones corresponding to the generated

musi cal tone awdispddyostesof dispdayeignorsadidpiayst ieast dnend (ijemexxitburngalpe et ess

conprises the steps of a first receiving step of receiving performnce

i nf or mat iraie; of capasdy ofirdidraeowiiter fegpessperedder gemeesition piths trusicaliterfesitorwholen; and

10 Septenber 2003 97a a waveformgenerating step of generating nusical

t one wav&RRAHY therpof dita et e thecalio akthe canasieal soifl epmnytasspared faince

i nformation, wherein a maxi rum nunber of tone- generating channels which

can be s&GRYBIPNST R MUSICR fRES o hiswhele cappciytheradtqih griemplgh s wensY@tchannel s
state infornat

h di n i i and nb f i
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perfor MY musical tones to be generated, (v} a current value of a number of tone-generating

channels to be sounded simultaneously, and (vi) a maximum value of the number of tone-
generating channels to be sounded simultaneously;

a waveform sample-generating step of generating a sequence of musical fone
waveform samples in a plurality of channels during a predetermined time period in
response to said received performance information, wherein said sequence of musical
tone - waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

40. A method of generating musical tones which is executed on a computer,

comprising:



information. 45. An apparatus as clained in claim44, wherein said state
information conprises information relating to the maxi num nunber of

t one- generating channels to be sounded sinultaneous! y0 SggtemBar 2093ar at us as
claimed in claim44, wherein said state information conprises information
relating to a maxinumratio of capacity of said conputer to be spared for
generation of the nusical tones to the whole capacity thereof. MUSI CAL
TONE- GENERATI NG METHOD AND MUSI CAL TONE- GENERATI NG APPARATUS ABSTRACT. OF
THE DI SCLOSURE A net hod and apparatus f generating nusical tones are

A o e e e

| nfor mat i @iyl BsighftBYh pitdOR B of'tid 8[1{!@&1 boRBs tosncf,l %%aiaté?f?pe“d' nNg oh an amount
of operation S 4R oBeratl ng el enment operated by a User. Misical tone
wavef or m sanpla8gaafdem 38RBlatadng £t€;§ offet%ﬁingfmdsmsl BRE AR ST AP g to

the ,performance 1 nformation inpu Ih a predetermned tine period,.
in a nunmgfrerh&@yr esponding to the input control information, whenever the
predetermned tine period elapses. Miusical tones are generated based on
t'he gener at ed afmistepaktidrosiep vbsxetatingitemplaish orFihg el fusical tone waveform

samples in a manner selected according to an instruction from a user;

a waveform sample-generating step of generating a sequence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information and based on the musical tone
waveform samples interpolated by said interpolation step, wherein said sequence of
musical tone waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

41. A method as claimed in claim 40, wherein said selected manner designates a

number of musical tone waveform samples to be used in the interpolation.
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42. A method as claimed in claim 40, wherein said selected manner designates a

fype of the interpolation to be executed on the musical tone waveform samples.
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43. An apparatus for generating musical tones, comprising:

a computer for executing a musical tone generating process and outputting
musical tones corresponding to musical tone waveform samples, wherein said tone
generating process comprises the steps of:

a performance information-receiving step of receiving pefformance information
which designates a pitch of each of the musical tones to be generated,;

a waveform sample-reading step of reading musical tone waveform samples from
memory;

an interpolation step of executing interpolation on the read musical tone waveform
samples in a manner selected according to an instruction from a user;

a waveform sample-generating step of generating a seguence of musical tone
waveform samples for each of a plurality of channels during a predetermined time period in
response to said received performance information and based on the musical tone
waveform samples interpolated by said interpolation step, wherein said sequence of
musical tone waveform samples generated has the pitch designated by said performance
information; and

a reproducing step of playing back said sequence of musical tone waveform

samples generated by said waveform sample-generating step.

44. An apparatus for generating musical tones, comprising:

a computer for executing a musical tone generating process for generating musical
tone waveforms and outputting musical tones corresponding to the generated musicaj tone
waveforms, wherein said musical tone generating process comprises the steps of:

a first receiving step of receiving performance information;

a second receiving step of receiving state information; and
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a waveform-generating step of generating musical tone waveforms in tone-generating
channels, based on said performance information, wherein a maximum number of fone-
generating channels which can be sounded simultaneously, out of all of said tone-
generating channels changes according to said state information, and a number of said
tone-generating channels which are sounded is determined according to said performance

information.

45. An apparatus as claimed in claim 44, wherein said state information comprises
information relating to the maximum number of tone-generating channels to be sounded

simultaneously.

46. An apparatus as claimed in claim 44, wherein said state information comprises
information relating to a maximum ratio of capacity of said computer to be spared for

generation of the musical tones to the whole capacity thereof.






