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TI TLE OF THE | NVENTI ON ' MUSI CAL TONE- GENERATI NG NE?HdD
AND L F MUSI CAL TONE- GENERATI N Peﬂgﬁgg ks W afe
BACKGROUND OF THE INVENTION . 5 Field oﬁqzﬂ ntion

This invention relates to a nu3|cal t one- atlng nmet hod whi ch
generates nmusi cal tone - wavkef or ns by execut| nmusi ca

t one- generating program by means of a progranmabl e processing unit
such 10 as a CPU or a DSP (Digital Signal Processor), and al so
relates to a mnusical tone-generating apparatus which gener at es

nmusi cal tone waveforns by executing a nusical t one- generating
program Prior Art 15 In a conventional tone
generator or a . conventional nusical !t one-generating program which
gener at es nusi cal tone waveforns, NDION the
sanpl i ng frequency, the maxi mum nunber of nusical - tones that can

be generated at the sanme tine, and the
: MUSICAL TONE-GENERATING METHOD AND

MUSICAL TONE-GENERATING APPARAT?j//

BACKGROUND OF THE INVENTION

5 Field of the invention
This invention relates to a musical tone-

generating method which generates musical tone
waveforms by execﬁting 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—generatlng pProgram.

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 geherated 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 unde; which other
processings such as background processing are exeéuted.

In the conventional tone generator and the

25 musical tone~-generating program, however, the following

| inconveniences have been encountered:

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

30 cases, essehtial processings are not executed.

For example, in a tone generator or a musical

4 %



20 contents of processing of each musical tone are set :

bef orehand, irrespective of the types of nusical tones to be
generated and conditions under which ot her : processi ngs such as
background processing are execut ed. In the conventi onal
tone gemerator and the 25 nmusi cal tone-generating program however,
the foll ow ng I nconveni ences have been encountered:

(1) Musical tone-generating operations enpl oyed are fixed, and
therefore in sone cases, processings whi ch are not necessary are
executed, and in other' 30 cases, essential processings are not
execut ed. For exanple, in a tone generator or a nusical

2 _ t one- generati ng program which can %enerate nmusi cal t ones
si mul t aneously through a plurality of tone- generati ng channel s,
nusi cal tones are gemergarexrating proghamudghictadan gsBegererM§HPkhannel

i ndependent |y of 5iones sifi03@ne6081 3t efrid0uglpIha 16t hess chiawel s, and

t he nunber of waveform sanpl es to, be generated per _un

tinme is constant f%?n%f?tiqﬁaqﬁiﬂ@£§8ne?%?+ﬁ@l8ﬁﬁﬁﬁéﬁ§§ 8eneratédlherefore,
al though nusi cal tenesugensaatt avnehgenghating chargwdh iodgnerdenlpe of
difflerent ghar act et SLLCsedd MR ehGoln cne SONA AALhEOUSHA iR of het

channel s and have nt dalities required agcordin
ki nds of the number of waveform samples to be enerateg per ugiéo the

time is constant for all the tone-generating channels.
Therefore, although musical tones generated through
each channel have different characteristics f }m those
10 generated through the other channels and have different
qgualities required according to the kinds of the
musical tones, the same number of waveform samples are
generated for all the tone-éenerating channels., As a
result, the conventional tone generator or the musical
15 tone-generating program perform$ wasteful opera;ions
for generating musical tones.
For example, to generate musical tones with
frequency components over a broad frequenqy 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 compdnents only in a low frequency band, it
. suffices to perform the operation for generating
25 musical tone waveforms at a low sampling frequency
{(i.e. with a small number of sampleé). Further, some
music pieces require a large number of musical tones to
be generatéd 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
gquality. Further, a tone-generating channel which
generates musical tones for an outstanding part of a
music piece to be pérformed, such as a leading part, is
required to generate musical tones with a high quality,
35 while a tone-generatiné channel which generates musical



nmusi cal tones, the same nunber of waveform sanples are ' gener at ed
for all=the tone-generating channels. As a result, the
conventional tone generator or the nusical 15 t one- generating program
perfornms wasteful operations for generating nusical tones.

For example, to generate nusical tones with frequency conponents
over -a broad frequency band, i.e. with a high quality, the
operation -for generating 20 nmusi cal tone waveforns has to be carried
out at a high sanmpling frequency (i.e. with a | arge. nunber of
sanples), while to generate nusical tones with frequency
conponents only in a |l ow frequency band, it suffices to perform
t he operation for generating 25 nmusi cal .t one waveforns at a | ow
sanpling frequency (i.e. with a smdl | nunber of sanpl es) .
Further, some tones fRKian émeeegp;@efens Part sugh ﬁﬁnﬁe‘?a@?mama@&ll
tones to ibea pERR AR gldbrité hm@sicﬁﬂ Gorleist wivhes ddpadye

per formed, and ot her SiC eces ure o a small, 30 gp
nu3|cal tones to b&“ gu%¥eu4§Y a&Fgﬁ PP Qtfference in goupd t%?éyf ther a
t one- generating channellwwnener generates nusical tones for an

out standi ng part of a Further ”%%h@ Q&ﬁ&@ éf)ﬂﬁéﬂ@%ﬁfQBHEQ r&ffas a
| eadi ng parf, is ener at e, i cal tonef with a high

quality, 35 RAPTEr S it SORPAErR OE AR oo HRHEFRTER masi col

thereof when they are generated, while other types of
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 Oscillator), 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 samne,
and some types of musical tones require imparting

15 effects thereto, while others do not require the same.
The conventional 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 generatipg
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



3 - tones for an inconspicuous part such as a backing part,

Is allowed to generate nusical tones with a degraded quality,
giving alnost no difference in sound quality to alistener. 5
Further, sone types of nusical tones require conversion of the
pitch of“nusical tone waveforns t hereof when they are generated,
whi | e other types of nmusi cal " tones do not require such conversion
of the pitch. Sone types of nusical tones require nodul ation 10

by neans of an LFO (Low Frequency Oscillator), while ot her types do
not require the sane. Sone types of nmusi cal tones require tone
col or processing by neans of a digital filter, while others do not
require the sane, and sonme types of gusical tones require inparting
15 effects thereto, while others do not require the sane. The
conventional tone SQp&¥étarsdr, however, has fixed circuits, and
Ej_her ef or gl it is difficult(3)orhddamourev of opﬁratﬁlf)ﬁp‘erisft NEabed@Il ok ted

| spensabl e processi t m t oLig e r,Qcessi ngs,
whi ch requires ad§f1g%ﬁ %8%£WL£80 °%F(§ﬁﬂﬁﬁa§§ eéoc#gg%ﬁéég%ééd)f%
(2) In a tone gendrigigedympthondy riew|tiheedupper and typegfefvdihe Cfderwar e

tone generator), tdpp1aPaeAbne§ executed irPRAANNGD Bt daldd) Hhanrof .
dynam cal I'y changes he nu ne-generating

. d di t b f ot
channel s 25 RHOSESRABICGRPERTTY Thddle SEEFRCFOROr BN et | ng
musi cal tones and d¢amriesntoatit thef opemsattidn t oifdnce the amogenerfati ng

operations. perfor L i RE a1 2BE£E8NEE Al s severely 1YMPFed &R WL tone
generator program (hereinafter referred to_as "the, software tone

generator") is 30 the onsRatdRBnfey BSEra it AUSIGRpoERRRINPURST fFmed
parallel 19 im teh fitxdeer ozpphiveasaoil@meginen; ekeneifas tweser ofaartrsed
to as the ot her a@&' e(}faetfacll%s a}r 1{1@% 9:9%5 ar?dnﬂﬁ:mcoft Rﬁsical toneé)H]:er he
applications can so i mes. De Un3table due 10 a _ change in the
anount of operati o}2®y Gike byttt WAER fofdeoraipd qualdsier QF ofC  FRAYTANA & |y
an increase in thesmdIleY r¥mber of musical tones but with a high

quality, he cannot choose either of the two operation
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
waveforms, 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



4 ' operation. - (3) The anpunt 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 other 5 appl i cations
executed in parallel but also by the processing capacity of the
processtng unit which carries out the operation. Since the anount
of operation allotted is thus severely linited and al so t he
operation for generating nusical tones is performed 10 in a fixed or
unversatile manner, even if a user wants . to generate an increased
nunber of nusical tones at the sanme time but with a degraded
quality, or to generate a smal | er nunber of nusical tones but with
a high quality, he cannot choose either of the two operation 15
nodes. SUMVARY OF ¥HE | NVENTI ON

It is a first objexspeft tdfe thevénvénhiom primred@re provided nugieidiod of

tone-generating meydind ANGA idILER! t&E, comprisinGCAChAsLAML aRpR-at US
whi ch are capabl e of generati

ng 20 nmusj cal tqQnés in either of a node
in which an i ncr ea@¥RfFrating St%ﬁrrﬁgrg%‘?elfﬁfs’i%lmuts&ﬁéi 5?8e§en%afs<ﬁgedmor a
node in whingdii cals itemle wanefoamesayeplbrsatgethewatkdathrgighyual ity,
dependi ng on the ;@ﬁifac‘lwiocfe’ch%nﬁelgpea gﬁg%%%euiﬁfforﬁation-of nusi cal
tone generation. - t 1S a second object of the Invention to
' , ) 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 input
within a predetermined time period, in a number
corresponding to the input control informationr

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 nusical 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'ihformation 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 corresponding to the input control
information, whenéver 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



provi de a nusi cal tone-generating nethod and a nusi cal

t one- generati ng apparatus which are capabl e of changi ng t he
contents of operation for generating nusical tone - wavef or ns,
depending on the contents of mnusical tones 30 to be generated and

appl icatti‘ons executed in parall el with the operation for
generating nusical tone wavef or ns. To attain the
first object, according to a first '

5 aspect of the invention, there are provided a nethod of
generating mnusical tones, conprising a nusical tone- generati ng
step of generating nusical tones, based on nmusi cal tone waveform
sanpl es generated through a 5 ° plurality of channels, a performance
information o ddPUL iNGoSLER Ofin i OPULT 113G RELLET ABRSE: 1Y OF mati on, a
control information-inputting-step of I1nputting control . I nformation

dependi ng on an anBRica¥ tnesagrengeRerated or a mgger iR | wRieh dwsdcal
operated by a usertopéds @rdfenezhtdd with 4 AiH\walety) seepdmiigrRNenat i ng
step of generating ,.musi cal’ tone waveform sanples for each of the
channel s cB??é%?ﬁﬁuﬁ ﬁg°ﬁgefhe performance information input
within a pPedetern ned tiTre atdeiiodthenfbrsturdiziect, accordbry dapending to
the input control LREGRABL4IBL b2 the iNPENEMA, BRrBl 8t SFHI R W e
peri od elapses, thSethod of generating musical tones, comprising a
musical tonefgenerating step of generating musical
tones, based on musical tone waveform samples generated
10 through 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 waveform
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 tones, 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 thréugh the at least part



nmusi cal tone-generating step generating nusical tones, based on the

gener at-ed nusi cal tone waveform sanpl es, and .an apparatus for
generating mnusical tones, conpri sing mnusi cal tone-generati-ng nmeans
for generating 20 nmusi cal tones, based on nusical tone waveform

sanpl es~- generated through a plurality of channels, performance

I nformati on-inputting neans for inputti.ng perfornmance I nformati on,
control information-inputting neans for i nputting contro

i nformati on dependi ng on an anmount of 25 cal cul ati on of an operating
el enent operated by a user, and nusi cal tone waveform

sanpl e-generati ng neans for generating nusical tone waveform
sanpl es for each of the channel s cojresponding to the perfornmance

i nf ormati on i nput In redet er m ned t e n_a _numnber
corresponding to f ekgﬁpﬁﬁ @5% $o1i0 reSp°nse|ﬁ$ #hﬁi*?ﬁﬁk\ﬂﬁﬁﬁgfgfnfﬁe
predet erm ned ti ninfeormedion, at a uﬂnmpgegslthecqns¢sﬁﬂndxnmetgembaaseng

means generating control lﬂﬁékﬁﬁ%lédﬂkﬁ% é@%ﬁengEhéhﬁaﬂ@§Q£ﬁﬁ%Qp8Hahﬁ

t one mavefo&g)sa f £ As a r%fult ﬁU%IC&| ?ones
can be generatedlq? e in ut per ormance information, the musical tone- 6

ei t her of 5a nbde igensriatingnmeass epetratumigernusfical tones mMisseal ohonhe are

enerated or a no c n generated with a
generat od of a M0dfRudhat3uchuBYed £ alone waverokAngSndiss

As a result, a part hav1ng a 1arger listening
effect can be generated with a high guality, to thereby
enable making the most of the limited processing

10 capacity of the musical tone—generating apparatus.

To attain the fifst 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 inpuﬁ 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 using 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,



5 To attain the first object, according to a second
aspect -of the invention, there are provided a net hod of generating
nmusi cal tones, conprising a nmusi cal tone-generating step .of
generating nusi cal tones, based on nusical tone waveform sanples
generated 10 through a plurality of channels, a perfornmance

I nformation-inputting step of inputting performnce I nformation 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

wavef orm 15 sanpl e-generating step of assigning the input

performance information to at | east part of the channel s, and
generating mnusical tone waveform sanpl es 8 through the at | east part
of the channels, inr erfor nce | fqrnatlon

oL BT enannetry Byt ORI sneasmar ke e oe, PERRET BRSNS Bon 1o

each of t heepbotrarcer iefpondt hont ccantaolnpofopeat benegsrerating

i nformation, the ”Méé&@'f&ﬁ%n@%ﬁ%&ﬁ&' B&xtsécﬁp informati8gNes abdvEdisi cal
t ones, based on the generat ed i cal _tone vefo m sanpl es, and an

apparatus for 25 W€ @énfé?'raﬁtﬁjlﬂﬁsf"ﬁ‘é? ThE A oAPF ’@?ﬁbc?r]us’i t one-
gener at i ngs neans faavgﬁnmnzﬂamg;eﬁgeneaht1mgmmaad@a§ed oarrying outmasi cal

tone waveform Sa”prrx'a“t?éiwetr&{ee-%e%&%gn?acalculatl | 4oaLhtyn Qfa &Jl%;}ﬂ.e' S

perfornance i nfor ng neans for 1nputting performance
information 30, da¥yrsteygddan |tlh? YRVREPY® MemeTYr oR N AESPPRES O1R &€t i ng
means for setting gAphE GhertfrafaiRlel QALOOHaEN) ®o thereby generg@ ts, and

nusi cal tone wavef gy SN & OGAIbLRTsampteq ar PPN BndESy N NO the

I nput - performance 1 nfornat east par éychannels
and for geh@ratingegsresponding ¢8 thengenpratiest monkrpleinfarmeigion hd het

| east part 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
generated musical tone waveform samples generated by
" the musical tone—generating calculation.
As a result, in 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 chgnhel 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 quality corresponding to the
time density cannot be generated for the following
35 reasons. The time density means a sampling frequency



7 of the channels, in response to the input perfornmance

informati-on, at a time density corresponding to the set contr ol

i nformati on for each of the parts correspondi ng to the input
performance information, the nusical tone- 5 . gener ati ng neans
gener at kng mnusi cal tones, based on the generated nusi cal tone
wavef or m sanpl es. - As a result, a part having a | arger

| i stening ef fect can be generated with a high quality, to thereby
enabl e making the nost of the linited processing 10 capacity of the
musi cal tone-generating apparatus. To attain the first

obj ect, according to a third aspect of the invention, there are
provi ded a net hod of generating musigal tones, conprising a musica
t one- generatl

ng St epl%f lggner atin 9 JTUS s%% lte(s)nes baserdau__oeré1 15
musi cal tone wavef®rny %5 &84 p ??%r“%nce PLes; gF e FtT SH-S%put ti ng
step of inputting $n§¢hnmﬁam@@lgnated an|¢quwvﬁﬁﬁn$nsaapé@ngrtwequency,

| nf or mat i on- gener ajj hes (iR spht specificOlE Al iMotalhg ool pformtion, and
a mnusi cal tone wavef orm sa enerati I’l%a t&g of Cal’é |ng out a

20 musi cal t oFRMRYEINS dBERFeRal € Pﬁ? WD QEfB?Yﬁ dat a
stored i n% wavef osampiesnroarbdayeelfianagduency componentisedpoastrequerny | nput

per flor mance i nfor MBhidTeqldd, o or 1esbNERERMNeALEMUSLEAkd e wavel orm

sanples at a t1 e density correspon to the generated control
25 |nfornatloﬁamE¥EPQnEﬁQ%HenF§néhﬁéﬁéﬁéﬁqﬁﬁnﬁﬁﬂ%§red to as "th&erating

step carrying out tpgerusinidl fired@ency") of tlgenariafinag mabtdhBttene by
sel ectively using 95$;§g§§n data of the waveformdata stored in
t he wavef or m nenory according to the generated contro

informatiolf the 30 Whes auisicedetganerare rdenarasedeh¥r ueing nusi cal
t ones, baggde forh NBAGENRIALR 1 RUST G@be £HNE mmoehOr Bhe as@éﬁ@d

B e SR R ke 82 B Bhrorny pampt e ¥t
t one- gener ati ng neanpitch @fmersitdadgtones to be generated (hereinafter
referred to as "the pitch conversion") at an equivalent
15 frequency, and musical tone waveforms are generated
based ‘on, wavéform 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 frequency 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 éomponents much lower than the upper limit
25 frequency, e.g. frequency components 1/3 times of the
upper limit frequency, in spite of waveform generatioﬁ
at a high equivalent sampling frequéncy, only musical
tones devoid 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



35 nmusi cal tones, based on nusical tone waveform sanpl es,

performance information-inputting neans for inputting per f ormance
i nformation, control information-generating means for generating
control information, a waveform menory for storing waveform data,
and nusfcal tone 5 wavef or m sanpl e-generati ng neans for carrying out
a nmusi cal tone-generating cal cul ati on based on wavef orm

data stored in the waveform nenory, in response to the I nput
performance information, to thereby generate nmusi cal tone wavef orm
sanples at a tinme density 10 corresponding to the generated control

i nformation, the nmusi cal tone wavef orm sanpl e- generati ng neans
carrying out the nusical tone-generaitg ng cal cul ati on by

el ectivel y usi ng Phiderent:odat fogl edGMRUELNT HALRa1 tones. stored in the

wavef orm nmenory accordin ener.a control information, the
nusi cal tone- - gerfér AtFRGN nER L PREPAG, NBCFEHLN%DAEs2 based on
t he gener af@trtnisispelctt ofet hnaviafvenvisapptrergeremmicaddey a

hanner o ooner SR O GEALEHL IR Wgscat songor, cpmlBi ikl o
frequency,® wavef or$horing stegap§ AEQTiRg flrfleqﬁé‘ﬁéy geepdricins: sevefarpr oad
band (W t haaedi st IRaekEE N8y SAgi dalg thheguefcy) pEedetR@mined

sampling_frequency, a second storing step of converting

the stored first 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 samplé-
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 obiject, according to a
fifth aspect of the invention, there are provided a
35 method of generating musical tones, comprising a



processed, while in a channel for generating nusical tones at a | ow
equi val ent sanpling frequency, waveform 25 data havi ng frequency
conponents over a narrow band (with a I ow recordi ng sanpling
frequency) can be processed. This makes it unnecessary to change
desi gnattion of a waveformin the tone col or data. | f
waveform data to be selected is not changed 30 according to the tine
density of nmusical tone waveform sanpl es to be generated, aliasing
noi ses can be generated in generated nusical tone waveform

sanpl es, or a nusical tone with a quality corresponding to the
time density cannot be generated for the follomﬁng 35 reasons. The
time density nmeans a sanpling frequency

9 at which nusi cal tong vef grm sa }es are generated
whi ch i s desi gnat e®€&CEHAPGEI Eﬂﬂﬁﬁopndnggﬁﬁhgﬁc§téb 5t inputhipge
pr esent speC|f|catm@mfogmaocdlxmﬁQImaumpn, a seleghiph i Infddvediom-

reproduced nusical shonecwayelees o inémttsiﬁqpE‘e’ie@@f'oxli'ai\é?fcjx;n%‘il‘iﬁﬂcy

conmponents .in a frequenc equal” tgo or |ess tha t he
recordi ng §§WﬁF? gtPP%qﬁ@yﬁﬁPﬁﬂuﬂqgﬁﬁéFﬂéﬁ ?E$%r?%xf%§fY&§Q"PHE a
upper [im & frequemaisiraaf tohe wavgiom caleudakibonén responsenavetnem 10

When nusical tones qi6IBRRERLAG0LY H¥dihation, folYSAOLIN AR hudighgd 1N 2

wavef orm nmenory,
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
calculation amounts from each other, and an apparatus
for generating musical toneé, 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.



waveform data i s converted i nto waveform sanpl es havi ng a pitch of
nmusi cal- t-ones to be generated (hereinafter referred to as "the
pitch conversion") at an equivalent 15 frequency, and nusical tone
wavef orns are generated based on, waveform data after the pitch
converskon. In this case, when the waveform data obtai ned by the
pitch .conversion contains frequency conponents higher than

the upper Iimt frequency corresponding to the 20 equi val ent
frequency, the frequency conponents are m xed 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 conponents nmuch |ower than the upper limt
25 . frequency. e . g fiaReYyCORRONANfd /addolERgOto i £ittn

upper limt frequency, in spite of waveform generation_ . at hi gh
equi val ent sanpl i ngSPeel L&ﬂﬁ%FdQﬁ1Pydﬁﬁ§i%%JStep of dlSPbﬂEénﬂeRRNQf§ﬂ1Q¥ i gh
frequency band conjpesg$tsn aindunt of calgenﬁmred:eques:uhtbpgtw medicea nmuch

an inprovenent in Fgge wa\fef ?n%[%ilc]pELthongg tn%%ggsbg%ug Oga?f t nes.

In the third aspect, Wave I'ng Mmusi ca
are prepared, whi ciiengrated by thesmusigrd #QﬂerWQﬂﬁégFmvéa Fﬂ%a@%ﬂsﬂtles for

generating musi agdrd ik reausio] M eangd ko iand ihbermayedorig dat a
T are sel ectiyel Vndofsh BReIdNG.00 108 dd 1y 9@ Sbh¥e one

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 varying according to the
addition or omission of the at least one characteristic

15 control element.

| The at least one characteristic control element

includes, for example, modulation by means of an LFO
(Low Frequency Oscillator), interpolation, digital
filter processing, and reverberation processing.

20 ' To attain the second object, according to a
sixth aspect of the invention, there are provided a
method of generating 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 résponse to the
"input performance information, for generatihg musical
tone waveforms, the musical 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



which is required for generating nusical tones. To attain
the first object, according to a fourth aspect of the invention,
there is provided a nmet hod of generating nusical tones, conprising
afirst 5 storing step of storing in nmenory neans first waveform
data for"generating nusical tones at a predeterni ned sanpling:
frequency, a second storing step of converting the stored first
wavef orm data to waveform data sanpl ed at a sanpling frequency
different fromthe 10 predeterm ned sanpling frequency, and storing
t he wavef orm data sanpled at the different sanpling

frequency in the nenory neans as second wavef orm dat a, and a

musi cal tone waveform sanpl e-generating step,p f generating musica
t one wavef orm sanp] es, based on the, 15 flrst waveform data aor the
second wavef or m dat’ SEBL4@n-inputting RepnsEOSr ¢ PRBERLNS t VHHALICR { one
waveforn1sanp|e- 1nformatgenerahdngusiéﬁnthﬂn@gw@&p&bkn—cﬁlqn&uﬂxﬂg ng the

nusi cal forg&§ggpéa ts 3q f&éi'kkxﬁoaigéiéﬁﬁe“t tine

densities, by sele the orm data or econd
wavef or m dat a acco@%ﬁ QP}OPhéndFﬁﬁﬂ@%ﬁﬁ %9 e input pEERRTRIRRE and

generating the rmsm:ﬁdrrdaa;rlemwa\fei:ogeh@lﬁa@mg musmal;naﬁeﬂe@n tie melieened

first or second veform \ rd|ggﬁto the fo th

aspect, simlarly n?tﬁ§ve orm-ca%ﬁV%%F%ﬂﬁma?a“ ﬁFﬁg j Beeteadh wege

el imnated. 25 vawfarimsy byntibecahsionk tenefeviefoampratcebat inn gener at ed

whi ch sound as t heysadme ﬂacyl%ncghaﬁnwhbk%eral%e@hereof 1iR8N& atred at
different tine denS|t| fergbly, the nethod according

to the fourth nqej@bé@? tieigakion %%#ﬂ?ﬂﬁtﬁ°ﬁfornatlon generating
step 30 10 of generati i @omsullt»ntbenam\mt, cinetaflcelat hen is

densities are seleggﬁgkégxxgﬂg m@sggaihgo fﬁ}m data genSPRES by
seco

i nformati on. To attaln t | ect, accordlng to a
fifth aspect of thEh?rﬁ&ﬁﬁ§Q91amPH@Fe°§r%ab?%kﬁ§kﬁf19a§5be read @ pdd of

gener ati ng nusi cal répEedyceaDip iaSishgbde manner without interruption. 1In

other words, even if the amount of calculation for

15 _ generating musical tones is changed on a real-time
basié, 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. '

Preferably, the method according to the sixth
aspect includes a display 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 providéd a
method of generating musical tones, comprising a
performance information-inputting step of inputting

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

35 " information, for generating musical tone waveforms, the



11 performance information-inputting step of inputting

perfornance information, a selection information- Il nputting step of
i nputting selection information, a - mnusi cal tone waveform generating
step of carrying out a 5 musi cal tone waveform cal culation in
response 'to the | nput performance information, for generating

nmusi cal tone waveforns, and a nusical tone-generating step of
generating mnusical tones by selectively subjecting the gener at ed
nmusi cal tone waveforns to a plurality of 10 characteristic contro
processi ngs according to the i nput sel ection i nformation, the
characteristic control processi ngs having different processing
contents and cal cul ati on anmounts frongyeach other, and an apparatus

for generating mushogl okonas. SQUREL S RELTIRAEE 1§enerating

i nformati on-i nputting feans for i Rpu manc nf or mat i on,
sel ection i nf or mat Magi¢abianienyayefnsnsg diPY the mUSlCQén‘é‘Pm |"|'Ej’esf@|rébt i on

i nf ormati on, | ‘nusi cah&@r@cmn whlch nayeéﬂéara&llwl aktiigaspatisededs carrying
out a nusica

orn1c res e to the input
20 perfornancgefﬁ??ﬁ?ﬁﬂw 3h EFOF“B e$%1 ulg%lonlgﬁfgfa%% and
nusi cal tohe wavef dnfipygeakiati m@dneanspp@matus for gegen@tam¢rmyaﬁpﬂlcal

tones by sel ectivetyngybi @&ﬁ;&mﬁﬁeperformancegqr}&ro&hsélaysmﬁltal%e
waveforns to a plurality acterlsth%ﬁcon [ol processings

according to the 28eans f??uﬁﬂpq5§P88tP8ﬁ PRI RS T ¢ hE° R har act er i sti ¢
control pretesianisn andurgegi Lhfoomt iprodepsithgng onearg sfcand
cal cul ation anmount§, ﬁeglﬁécéhfnggilon apcuracy informA%i8n! €M tmudiR&1

contents of nusica one control processings are changed or the
anmount of 38 ~ bPBEeYRYREPT GedFULaBIRg TRANT KA ICAGTEHRI L2 Epeti fi ¢

musical tone waveform calculation in response to the
input performance 1nformatlon, for generating musical
tone waveforms, the musical tone 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.

As a result, the calculation accuracy can be set
according to the degree of tone quality required 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 fof generating musical tones, comprising

35 tone~generating information-storing means for storing



musi cal tone control according to the purpose of per for mance or

t he per{formance node of nusical tones to be generated, thereby
enabl i ng i ncreasi ng the nunber of nmusi cal tones to be generated by
t he reduced amount of 35 processi ng or using the CPU power for another
pur poser * Preferably, the nethod according
to the fifth aspect includes a display step of displaying on

di spl ay means an anount of cal culation required by the nusical

tone wavef.orm cal cul ati on and a nunber of nusical tones 5 gener at ed
by the nusical tone waveform cal cul ati on. More preferably,
the selection information is I nformation for adding or omtting at

| east one characteristic control elenent used by the

characteristic control processings to which t'he 10 gener at ed nusi cal

t one wavef orms ar eteupjIaner@tiag informatigmumusdicadaltentarfvet o™t he
nmusi cal tone wavefg@émrating me@akscebatg@zﬂbfae@ﬂﬂg' e:d;sflr@mgeaeéaanams&mmm cal

t one wavef orm t one_var rding.to the
addition or onissi3AY ?Iheq’ft mé@é?? bRRe c%%‘?eay%tl ISt i“%ofgagmn’ it rol
el enent . ' for chaniegatae measmunneuntber arf enisdiciad tones ot o ddenent
i ncludes, 4 or exan@éﬁeri@%ﬂ”éﬂﬂd@@ah¥oﬂ§§9Sbégeé”bﬂjgﬂe stored téh&W

Frequency Gscillator), interpolation,
generating 1nformatlon, control information—-generating

means for generating control information indicative of
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
monitored on a tone génerator 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



filter processing, and reverberation processing. 20 To attain
the second object, according to a si xth aspect of the invention,
there are provided a nmet hod of generating nusical tones,
conprising a performance i nformation-inputting step of inputting
performance information, a limtation informtion- 25 I nputting step
of inputting limtation information, and a nusi cal tone

wavef orm generating step of carrying out a nusi cal tone waveform
calculation in response to the i nput performance information, for
generati ng nusi cal . tane waveforns, the nusical tone

wavef ormgenerating 30 step generating nusical tone waveforns by the
nmusi cal tone waveform cal cul ati on whgch has an amount of
calculation thereof,limted in ran t he, Ilnltatlon

ot or it on, - and. AL HbIS AR TBARYRE SIS cal tones,

conpri si ng perfornance I nformati on- |nputt|ng 35 means for inputting
performance information, |im

AR4P°'DESCRIPTION OF THE DRAWINGS.
13 i nf or mati on-i nput tTrTg—r'rLraTTs—llUr—rn‘purrrrTg—r'r'mm‘u

I nformation, and nusical tone waveformcal cul ating means for
carrying out a nusical tqng;mayekoanblock diagx@inc shaking theresponse to the

| nput perfor”ance érran r?érm ! ﬁQ{LCLPr Shd e A0 5 Sé %rat% es, the

nusi cal ormca feans gener a sical tone
wavef or ns by the nﬁgﬁ:‘é%ﬂllft%rté) M\/éﬂbpﬁi-’é%t‘l"émfatqb@n m"entlonr

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 the RAM;
10 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
Fig. 2D shows a format of data stored in a tone
15 generator register preset in the RAM; '
Fig. 3 shows formats of data stored in output
buffers preset in the RAM;
Fig. 4 is a timing chart useful in explaining an
outline of processing for generating musical tonés,
20 which is performed by the apparatus of Figl 1;
Fig. 5 is a flowchart showing a main routihe
executed by a CPU appearing in Fig. 1;
Fig. 6 is a flowchart showing MIDI-receiving
interrupt processing;
25 ' 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 coloxr-
selecting processing executed‘when a part tone color-
30 ' selecting switch is dépressed;
Fig. 9 is a flowchart showing part mode~
selecting processing executed when a part mode-
selecting switch is pfessed:



whi ch has an anount of calculation thereof Iimted in range by the

limtatd en i nformation. 10 As a result, the anount of
calculation is limted, and nusical tone waveform data generated
by the limted amount of cal culation can be read and

reprodueed in a stable manner without interruption. In ot her
words, even if the anmount of calculation for 15 gener ati ng nusi cal
tones is changed on a real -tine basis, a predetern ned ampunt of
CPU power is surely preserved for other applications and therefore
t he ot her applications can be executed in a stable nmanner

in parallel with the operation of the software tone 20 gener at or.
Preferably, the nmethod according to the sixthgy aspect includes a

di splay step of displaying, on spl a an _anpount B
cal cul ati on required by tﬁ hléﬁ ay£1°w°harFo%§ Vﬁﬂﬂﬂgﬁf&lgﬁng?a?icn and
a nunber of nusi calseflepbin@Sprocesgjargecaecdtby vinen rmugiavalforsne wavef or m

cal cul at’i on. selecting squéﬁtfglae5ggsgggond object according to a
sevent h aspect of the |nvent|on here are_provid t hod of

generating nusical tones, Ee®npt} st ?uf'§1°w°h rt S?ﬁﬁ*?ﬁrﬁ%¥§§°rm LBk

I nf ormat i o%- inputtma@cssemanexemnnadlwpe&Oa wave Perm diRmrsed tichf asmati on, a
cal cul ation accur aGinressed; i nformation-inputting step of inputting

cal cul ation : accuracy i nformation, and a nusical tone waveform
generating step of carryi R§g8ut 122 hfsileR sheea P9 AR IR Of frequency
calculation in respmasacteribeitsipptt pRidfOrRAGEa 8BS generadtridobyathen, for

generating nusi cal Jé@@%d@%yﬁéﬁrﬂﬁacéiklng of Fig. 11, wherein: i
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 generator
processing which is executed at a step S6 in Fig. 5;

20 . Fig. 13B is a continued part of the Fig. 13A
flowchart;

Figs. 14A 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. 14A shows a format of tone color data
stored in the RAM;

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

30 Fig. 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



14 : nmusi cal .tone waveformgenerating step generating nmusi cal

tone waveforns by the nusical tone waveform cal cul ati on whi ch has
cal cul ation accuracy thereof designated by the input calculation
accuracy 5 i nformation, and an apparatus for generating.nusical

tones, eonprising performance information-inputting means for

i nputting performance information, cal cul ati on accuracy

i nformation-inputting nmeans for i nputting cal cul ati on accuracy

i nformation, and nusical 10 tone waveformcal cul ati ng neans for
carrying out a , musi cal tone waveform cal culation in response to the
i nput performance information, for generating nusical t one

wavef orms, the nusical tone waveform cal cul atd ng nmeans generating

nmusi cal tone- “ﬁvef&"%ﬁi§§’JEh%hQ“ﬁhgféaf- one- Fggggt %ég%? cu!ation

whi ch has cal cul ati accurac esi gnat e i nput
cal cul ati on aC%%@%WEbyolﬁh@rﬁ%@?&ﬁ1emb°dlment' As aresult, the

cal Icul ation accgr?cy can f3g.S8% is a flovﬁﬁfé&rtfjlsﬁgwiﬂgtQ%ﬂﬂg&%t@het?ne
quality required for musi cal _topes_or the amount o

cal cul ation ?ﬁﬁﬁqaﬂﬁ g Egp %$q35§§? Ca& €5Re ~generatingry .

cal cul ati @0 accur asgrargtorsracicondipantse the second embeﬁsmqﬂt& t he

equi val ent sanpl i ng fVGQ%%QFY16tQ§ AUFRS#chart showlﬁ Ayedcl e waveform

sanpl es to be generated unit time). degradi ng the
accuracy of Proeei 9at |w5‘|’r°ht he PR CHI"BE 2P HF° EHFWESPeduced.
Preferably, the nebochadtigy.dilbgmadnt heutsiewent h aspect includes a

oLy Lo of i Shl &yl ey P dacBlay erouchare TRAASnG: AHD Uy

cal cul ation required by the nusica tone waverorm cal cu atlon and a
nunber of Wusical PBPERSsing, whichehsre¥eeMiRe @Bfe 2nIEPRaPLBNE Fhdef or m
cal cul ati on. 16; To attaln the second object, according to an

ei ght h aspect of the |nveEnI| 0on,gpt grg é@n@rrpuvg({jggr%nof th Flgapl%q\rat us for
ng _

generating nusical tones,® Conprisi fé-gherati ng
i nf ormati on- storlnﬁlﬁﬁem%rﬁbr_storing

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 S109 in Fig.
l6;

20 - Fig. 21A is a flowéhart showing switch-on even
processing, which is one of other processings executed
at a step S109 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 step13109; _

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 d:awiﬁgs showing embodiments



15. tone-generating information, mnusical tone waveform

gener ati hg neans for generating nusical tone waveforns, based on

t he .stored tone-generating i nformati on, and for changing a nmaxi num
nunber of nusical tones to be 5 generated sinul taneously based on the
stored ¢ one- generating information, control information-generating
~means for generating control information indicative of a current

val ue of the maxi num nunber of nusical tones to be generated

si mul taneously by the nusical tone. 10 wavef or m gener ati ng nmeans,

per formance i nformation- I nputting means for inputting performance
I nformati on, : and control neans for converting the input performance
information to the tone-generating informatign according.to the
generated control infornation_and 15 mw&ting t he tone-generating

i nformati on accor &hggers- t he generated control information into the
t one- generatlngReﬂéfE{ﬁﬁiﬂm}s&thingneanSthere is illustrateds a

result, the maxi n f ener n
sounded S|nultang%§%I§, ?gﬁeé oF = muSlca% g shet %%é§¥%5£% ?%hafgca |y
changed, can be aCCOfdlnﬁDh?t@r%kF&ﬁ1embPGRQGQén@faﬁkﬁ idviepsiosi- deThand

thereforesthe ton%weaghgfaﬂrw% an %ubhabtueaéﬂaqmement of atone
gener ation to tone- gener at | ng?c anne t he tone %ﬁner tOI’ at

any tine, in respSfREES PHPELSHTIH cé’eESSe’ ©O P SReE2

system (OS) such as Wlndows (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
arrangement 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 exechted, 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 kHz and delivering the read data,
sampie by sample, to a D/A converter 10 in response to
a command from 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



Further, according to the invention, to attain the first and
second «obj ects, there are provided machi ne-r eadabl e storage
medi unms storing instructions to cause a machine to perform
respectlve met hods of 30 generating musical tones according to the
first to- ei ghth aspects of the invention, which are set forth
her ei nabove. The above and ot her objects, features, and.
advant ages of the invention will be nore apparent from 35 - t he

foll owi ng detail ed description taken in conjunction

16 with the acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagram

showi ng t he arrangenment of a nu5|caJ,Jone generati ng apparatus 5
according to an enbodi nent of the invention; Figs. 2A to 2D

show formats of v&IEFOLdgEad to an afala%au?hcalmm%psd@a{ﬁhga. SORPY.
wher ei n: system Eugfoﬁﬁamﬁmmwyihd(mhmabuaﬁuttﬁwg(nﬂeammdabalstored

inthe RAM 10 i ne signall By @& SSPYS 13uup0Bke 2! MY S YL d3ta stored
interconnecting the component elements 1 to 9.

5 The HDD 4 stores an operating program and
various data including automatic performance data and
code progression data. In the case where any operating
program is not stored in the ROM 5, an operatihg
program may be stored in a hard disk within the HDD 4.

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 (compac¢t 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 instali a further operating program
or a new version 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 externallstorage 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



i n the RAM Fig. 2C shows a format of event data stored in

an i nput -buffer preset in the RAM and _ Fig. 2D shows a
format of data stored in a tone 15 generator register preset in the
RAM Fig. 3 shows formats of data stored in output
buffers preset in the RAM Fig. 4 is atimng chart usefu
I n explaining an outline of processing for generating nusical
tones, 20 which is performed by the apparatus of Fig. 1;

Fig. 5is a flowhart showing a nmain routine executed by a CPU
appearing in Fig. 1; Fig. 6 is a flowhart show ng

M DI - r ecei vi ng I nterrupt processing; 25 Fig. 7 is a
fl omchart showi ng note-on event progessi ng executed when data is

recei ved through a rface appearing in Fig. 1
Fos B1s a {1 owc emasoREAREpRH 49 it Sesmar. conpiter Sk drvpgond
processi ng executeﬂlwmenaalparprQQWEm(aﬂdbwata3©hroughsEthndmmyniwbtéhnis

depr essed; interface T49and éﬁéf%deHN&EQEEoﬁhH&&&Ekwﬁﬁﬂ magle-
sel ecting processing executed when a part node- sel ecti.ng swtch
i s pressed; server computer 31 receives this command and deliv ¥s

Fig. 10 i s a fl owtlts trexfuewted ppeiatineipdotiram and data to the musical
tone~generating apparatus through the communication
network 21. The musical tone-generating apparatus
receives the program and data through the communication
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. Ih the case where
such a persohal 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 sequence of waveform
samples by a musical tone-generating opération, and the
term "musical tone waveform sample"” é waveform sample
(waveform samples) of the musical tone waveform data
produced by the musical tone~generating operation.

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

9



sel ecting processing executed when a waveform selecting switch is

depr essed,; Fig. 11 is a flowhart showi ng waveform LPF 5
processi ng executed when a waveform LPF switch is depressed,;

Figs. 12A to 12D show an exanpl e of frequency characteristics of
wavef ornrdata is generated by the wavef orm LPF processing of Fig.
11, wherein: 10 Fig. 12A shows a frequency characteristic of

t he ori gi nal waveform dat a; Fig. 12B shows a
frequency characteristic of wavef orm data after execution of band
limt processing; Fig. 12C shows a frequency characteristic
of 15 waveform data after execution of down-sanpling; and

Fig. 12D shows a frequency characteristic ofy wavef orm data after
execution of LPF progcessing; . i I S | owghar

show ng tone generaartltdgrwgveggrm datpar osé:é)sfs?finé‘nmﬁg%%R%%Ségfé‘gut%ggaafi Euks ep S6
in Fig. 5; 20 in an inpgfgbufiB3R jandy acoaAne ngerepaiar gkatisteFi g. 13A

fl owchart; fpresent_ onFtBé . rRAMA 1t 0O 14D show formats of various data

stored in a RAM of a nusical fong-generating. apparat _ -accordi ng
to a second enbodi nent oFl?he%n@é‘gfﬁ 6°r‘?,“e2§gl°P g%f’eﬁ’iqpn:(p =L
Fig. 14A Shows a flfnwttogkdt bmetlveo|RAM dat ahich is compgmised ioff t he RAM

Fig. 14B shows a f oy alqueysh o MM YRS 6 for desiqratihB€aRAM 30
Fig. 14C shows a fornat rof eveﬁt d{al}dgl st&?ﬁ‘?ﬂ oF eSlgngnli % at buf f er

preset in the RAMWalfform of a range, LEQ (loysfre@fticy IsGiddetsr) dat a
stored in a tone control ogtgenal odatiegionher tplLesetenvelidpe BAWerator

Fig. 151s a di agr aBhaugofNoLXIIRL dlleal MmpPPrude edciBgement of a

control panel surface 'displayed.on
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 color 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, ... which

are original waveform data for formiﬁg musical tone

30 waveform data generated by musical tone-generating
processing, hereinafter described. Among them, the
waveform data WDl and WD2 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



18 di spl.ay of the musical tone-generating apparatus

according to the second enbodi nent; . Fig. 16 is a flowhart
showing a main routine executed by a CPU of the nusical

t one-generating 5 apparatus according to the second enbodi nent;

Fig. 17-i’'s a flowchart show ng note-on event processing, which is
one of M DI processings executed by the Fig. 16 main routine;

Fig. 18Ais a flowhart showi ng tone generator 10 processing, which is
executed at a step S108 in Fig. 16; Fig. 18Bis a
continued part of the Fig. 18A fl owchart; Fig. 19
Is a flowhart show ng wavef ormreadi ng 15 and interpol ating
processing, which is executed at a skep S136 in Fig. 18;

Fig. 20 is a flomchart shomn R-di s . pr.ocessin | I S
executed at a step®Si '15{]% To5p°Be t\'{i%';" ogFRe Waletsin gi‘?%ﬁ”@ﬂ"s a

fl owmchart show ng ymt@m cﬁa@\/@llvtained by peadiowniawy, onli of & spbewea bt wot her
processi ngs execut gg wave form d%ttaawﬁaeﬂ wed ¢&H&51&65ampled at a

Fig. 21Bis a flowhart sh omnqg % ratio t ch-on _ event
processi ng, whi ch PEEFETRiED eSO QF“ESSampll?ﬁ(ﬁﬁ§§§FH§¥ BRIt the
step S109;5 in the HDIFi4gy. a2@Aridéng tbomedmsditghowndgstonengeties at or

processing execut edely §alPUn aacqe%gtfegmtg afalBhdd 1n cne rapegbodi ment of
t he i nvention; and continued part of the Fig.
22A 30 f|0mchgpyeform data WD1'® and WD2' 1n Flg 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 skipping
every other samplé), 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 1/4 times of the original
recording sampling frequency,. and storing the resulting

20- data in the waveform data area. Processing for
generating the waveform data WD1‘, WD2' and WD2"
(Waveform LPF Processing) will be described hereinafter
with reference to Fig. 1l1.

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 indicaﬁive of the number of events to be
processed, and areas for storing event data ID1, ID2,
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.



DETAI LED DESCRI PTI ON The invention wll now be descri bed
I n details with reference to the drawi ngs show ng enbodi nents

19 t her eof . Referring first to Fig. 1, there is

il lustrated the arrangenent of a nusical tone-generating.apparatus
according to a first enbodi nent of the invention. The 5 bl ock di agram
of Fig. ‘1 shows the arrangenent of a general purpose conputer per
se, to which an operating system (0OS) such as Wndows (Registered
Trademark) is - applicable. Therefore, this invention can be

I npl emented as software on a general purpose conputer. 10 Furt her,
this invention is applicable to an electronic musi cal i nstrunent
havi ng substantially the sane arranggnent as in Fig. 1.

The apparatus according to the pr esent enbodi ment i s nprlsed of
a CPU 1 for performng 15F19- 2D, 5pPBasa dRnE ;ﬂ%‘@§§§9ﬁg§eg’as"kee€/ g’é

through which a  stores wsairdlngdts foogeach exeetyeoargvimantsanmed , data a

dirsplay unit 3 forfispl &y Nk hOtfie| HEHFAY one-generat ing

processing. In the present embodiment', the tone

5 generator register is comprised of régisters for 32
channels. The control data for each musical tone-
generating channel are obtained by processing the
respective original data of the tone color data PDp
(see Fig. 23) according to petformance 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 aadress—advancing amount per samplé-by
which waveform data is read out, waveform~designating
data for designating waveform data to be réad 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 (l-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 followihg equation (1):

25 PN = 2(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



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 ~inputting/outputting to and fromthe keyboard 1,
the . display unit 3 and the HDD 4, a RAM 6 for storing

progr ans “bei ng execut ed, waveform data and data cal cul ated, a
timer 7, a MD interface 8 connected to 25 a performance unit |like a
keyboard to be supplied with performance data therefrom a DVA
(direct nenory access) controller 9 for directly accessing the RAM
6 to read therefromnusical tone sanple data (waveform

data) at a rate corresponding, e.g., to a sarrpl ing 30 frequency of 48
kHz and dellverlngtheread dat a, gple by sanple, to a DA
converter 10 in resppnse (hereinafter

referred to as aPLoete hteo 85 Hﬁ@%?%’ﬁg“ﬁ?&@géﬁﬁb}y the D/ A

converter ifgicativoroferthengethed imgi Teahp tiowe fgeqeency nef detea i n

35 the for”‘0&a@e§6£mtéﬂté“dl%akhEUBPééfﬁkfédﬂﬂ&ﬂﬂ%nPNAthe waveform
20 controller 9 to an ana&[ntg.ﬁrru& cal tone signal, a sound

system 11 for anpl PPYEASIHEDRD A§Tt HEOPLEi a2 Slmllar}%n@s"ﬁ{ﬁ‘ual by
way of a |I®udspeakealcabat bobusode?2 CM(i)). Foit esxxaplect ithg waee forponent

elements 1 10 9. Spoge wM = 0 corddepdils 4t St QT £S5 HhME sqhbAgnT 097 am and

frequency of 40 to 48 kHz, WM = 1 to a recording
sanmpling frequency of 20 to 24 kHz, and WM = 2 to a
recordihg 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 equal to half of the
recording sampling frequency. The values SP and OP are
divided by 1200 because these values are given in cent

15 values.

The F number FN coﬁtrols 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 LFO control data
is fequired.

Fig. 3 shows formats of output buffers preset on ,

the RAM 6. i

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
thé 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 calculation mode 1 (CM(i) = 1) is
assigned, and a buffer 2 for accumulating 32 musical
tone waveform samples generated by a tone generating

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



various data including automatic perfornmance data and code
progressi ®n data. In the case where any operating programis not
stored in the ROM 5, an operating program may be stored in a hard
disk within the HDD 4. 10 This operating programis read into the RAM
6 so thdt” the CPU 1 operates on the operating programin the sane
way as if an operating programis stored in the ROM 5. By so doi ng,
the addition of an operating program and versi on-up of the
operating programare facilitated. A 15 CD- ROM (conpact di sk read-only
menory) drive 13 is al so 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 hardadissknddthin the HDD 4. 20 It is thus easy to
install .a further operatln r m ' new version, of the
operating program Deviced ‘gﬁ- 7 s G??I?"z‘?erﬁj’t\}&ﬁ EJgg PYDEER bt IREi a

i ncluding a fl oppywaveform shrgikiedr byeiahdrpolamginet ahepbicats{dd) tdbmk drive

I b deyi ' A
may al so bg %%Jiﬂeéiani’psﬁe@“lﬁr ek ﬁ&%’f&gel, %\L'hctgzb't’ﬁgeﬁuzs 97 The

conmmuni cation inter ace SO connect e .
comuni cat Pon i nt eFEREEARENG S128 musical: pane cyakefiaym™y SAaBRARBAI RAL i on net wor k
21 such as a LAN interpoldtiifplthdy 82 MeENL4aK)tor) WaReEbRAl s&ifip Ped elrephone

l'i ne. The atjon d.nterfac I,S ected t erver 30
conputer 31 through%%EgHg%%nﬁ%lcalﬁo%hhgt ri?%ﬁ?éﬂy%% muSToal é?ie case
where the operat|ngagﬁégran$@mﬂh#anmo@bedhvéfer 1' and ghesaoinstkged in the

HDCE1> 3 tthfe comuni galeireR 2+ are acddﬂﬁﬂ&i:@&etééledrﬁeﬂﬁﬁ@ht ehdoYW8 Ok g1 ans
an at a I

t t I -
ﬁ@ratlngtgﬁﬁawaYﬁgg%%E%Ff u grﬁhﬁl?%ﬂf’f&gﬁgﬁPt Iggglcane

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 9 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 interpolation 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.



21 command requesting the server conputer 31 to downl oad an
oper ati ng* program and data through the conmuni cati on interface 14
and the conmuni cation network 21. The server conputer 31 receives
this command and delivers 5 t he requested operating program and data
to the rusical t one-generating apparatus through the comunication
network 21. The nusical tone-generating apparatus recei ves the
program and data through the conmuni cation interface 14 and
accunul ates themin the HDD 4. The 10 downl oadi ng is thus conpl et ed.
The present invention nmay alternatively be I npl emented by the use
of a commercially avail abl e personal conputer or the like with an-
operating program and data adapted tgsthe invention installed

therein. 15 I n such ga rLa | h a Eg%%g
fl oppy di sk which stores @%e %%Erataagypgg ?§%1and§%ﬁ't%%e ggﬂg adapted to
the invention and PaACHesivAHEIBCULeSe oﬁaP musical tQn@rggnsratafdbe

offered to the useppphPathe &a&@cdm@r €0 the preséwm@daamnammm@ter or
the like is connected to

n on_ne LAN, an
internet or a fg?ﬁﬁﬁﬁﬁéﬁﬁ€%§enfﬁeg8p t4¢%t n éb ﬁiggd the data
can 5 be of fered tBorhexparlsonathesoapodte-om Q?ﬁaﬂ iofe at protigh is

the comuni cation Qﬁbﬂ@rknto the 1nput buffe¥h69uﬂ utad he dileee8ibr data
specification, the term?2 "wavef orm sa ngP ans a
obPath

wavef or m QﬁpFé ?ﬁ%ﬁ%ﬁ?ﬁ?ﬁwﬁﬁﬁ&ﬁg§?g cFYﬁPFgaﬁﬁplﬁé ng Pnal

wavef or m data, the vaeefornanahoruN (ot ahd kbeecddtalafien mode CM(p$equence

of wavef orm sanpl e%e\yghgtﬂngreoagﬁé'adés}’ldﬁ%g@dt Qata PDp ardd R ucggilflr

tones, the term "musical ne wave ata pro

t he sequente of waferdpprpted, wherehyniihes GBY 2 ﬁﬁgﬁE%ﬂeﬁ(ﬂﬂ¥%$9H@ratlng
operation, and the samples oft &I sG] GUnd @de réBpeHQing IR iapwavef orm

e by the wAE BB LR aflsdle MRS Tk SRl ARl
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 completlon

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 generatidn 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



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

22 « « and waveformdata stored in the RAM 6 and data stored I n
an input buffer and a tone generator register present on the RAM 6.
Fig. 2A shows tone color data PDp (p =1, ..., 5 16) stored in the
RAM 6, which is conprised of wavef orm desi gnating data WN(p) for
designating a waveform of a range, LFO (|l ow frequency oscill ator)
control original data (OD), filter envel ope generator (FEG control
original data, anplitude envel ope 10 generator (AEG control original
data, other original data, and cal cul ati on node CM p). The synbol p
represents a part nunber, and the nusical tone- generati ng
apparatus of the present embodinent is 28 adapted to set tone col or

data for 16 parts. pEUEég'?{ng,l%ut doe ngbeirpcfﬁﬁ'&@ t‘ﬁE'EOthEPésufth%f

wavef or m desi gnat i g [i IS set a waveform nane, which is
set by t het §e?a{-%‘é]é’qjlcﬁ’ corplehed af cttﬂeattllﬁﬁ RAUBLt CWEH)ig s
data for indirectl| yrdnstgheéd s ithe sBtmbepoidt xBMI es to be

generated per second for RELSS t:§nQ° tﬁgsbggéergto ﬁmbod %n?;g@ V\@.lyef orm i.e.

data corresponding to an ‘équiva qﬁenci/ Accordi ng
to the prezent samplipghEergHancy Pﬁetbaleﬁzﬂ &f ﬁ@@emENQEB ckgne-

sel ectively gendgstifg adppdtateer ibr 81 KHi 0 ahd 2iceekachety dhe t he
' 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 ﬁay be 1ongef, 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 signai BC, insofar
as it does not pose any listéning 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 thé CPU

25 1. The main routine is started when the user turns on
a power source of the musical tone-generating apparatus
(wvhen 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 processing of Fig. 6 will be
35 described. At a step S11, received data is fetched,



present enbodi nent, the cal cul ation mode CM p) and the 25 equi val ent

sanpling frequency are set in the relati onship of CM0) = 48 kHz,
CM1) = 24 kHz, and CM2) = 12 kHz. Fig. 2B shows
waveform data W1, WD2, ... which are original waveformdata for
form ng-nusical tone 30 wavef orm dat a generated by nusi cal

t one- generating processi ng, hereinafter described. Anong them the
wavef orm data WD1 and WD2 are each fornmed of sanples havi ng a

| ength corresponding to a predeterm ned tine period and each

I ndi cate a waveform which can be read 35 out at one tine or a waveform
formed by an attack . _ . 23
section and a | oop section. The wavef orm dat a2d\D1 and WD2 are each
obtai ned by readi ng ijﬁh‘%ﬂeagfaas{)éﬁ"@lé e recelveafda‘l\@é’eichvJPﬁ{_%Eﬂ whi ch
were previously sanp redet erm ned recordi ng sanpling
frequency and store‘d“'-S’ the lnPHttWéﬂf—Equ thec5AYi R t?‘éeﬂé"c’éé@tﬁ’ytl&ﬁd
storing the dataad nddtat i ng awhéery afler Matat asareaeimedhe RAM 6.

Wavef orm data WD1' and %&Z’Heangin Zﬁnﬁfﬁxe g)tfang ned glrst:,l subj ecti ng

t he waveform data WD1 and eter Imting
processi ng5 down- sakpitiiad izgtions are mqei%alteé g8eR ¥t/ o f4-edddnéPel/ 2
times of the t orit-ig@inealat i A§ 0K Mg BargYd rt@lrhéaqueﬂpyaiwaI ppi ng

every ot her Sanple)teéygléigogEgg Hggré L“td'g%e readlng reproducing

processing by the DMA controller 9 is. initialized to be
started. Then, it is determined at a step S2 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 S3, followed by the
program proceeding to the step S$4.

At the step S4, 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 S6, whereas'if a switch
event has occurréd, 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 85, and then the program proceeds to a
step S6.

At the step S6, a subroutine for tone generator
processing shown in Fiés. 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 S2 to
87 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 $S3 in Fig. 5.



sanpl ed data in the waveform data area. Waveform data Wb2" in Fig.

2B i s obt:ai ned by subjecting the waveform 15 data WD2' to
predeterm ned band limting processing, : down-sanpling the
band-limted data at a frequency 1/2 times of the sanpling
frequenty of the waveform data WD2, i.e. at a frequency 1/4 tines
of the original recordi ng sanpling frequency and storing the
resulting 20 data in the waveform data area. - Processing for :
generating the waveformdata WO1', WD2' and WD2" (Wavef orm LPF
Processing) will be described hereinafter with reference to Fig.
11. Fig. 2C shows an input buffer which stores 25
performance data i nput through the M Dl inteBface 8. Thi s i nput

buffer is conprised of arriasR3 Beraskesp rrgzl 2 pltchdaﬁ@ar;sﬁ&atdumeef t he
nunber of events to ocessed or storlng\/event dat a

DL, I D2, Prdfeatarh B0 tBR SEERTEShIRGanG™: ORFBoBER (T Ot 80 30
Each event data i saceapsk séerefindftari tuk csttanegl obnthrts thereof gddflents of

t he event, and datgelfggéggédu%oogsaughgebltch SP") ggangnogrggqyrrence ‘of

the event. The data I ndj cat | E0|nt of S}ent
occurrencd i s requi P%Heﬁﬁfter the Stf’ﬁ%d(?‘?ﬁ‘tf"cté ﬁPS 8ot Wit R&lity of
events 35 col keférved yto as "the part p") preset in the RAM 6,

24

respectively, and at the same time an event occurrence
time point (received time 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 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 i").

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 cofresponding
to the calculation mode CM(p) is selected out of
waveform data havin§ 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. l

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



Fig. 2D shows a tone generator register which stores control data
for each fone-generating channel, whi ch are used in the nusical

t one- generati ng processing. In the present enbodi nent, the tone 5
generator register is conprised of registers for 32 - channel s. The
control ‘data for each musical tone- generating channel are obtained
by processing the respective original data of the tone col or data
PDp (see Fig. 2A) according to performance data such as 10

touch, and conprised of pitch SP indicative of the pitch of a

nmusi cal- tone to be generated, an F nunber FN I ndi cative of an

addr ess-advanci ng anount per sanple by whi ch waveformdata is read
out, waveform desi gnhating data for degignating waveform data to be

read out, LFO 15 corre§iddltdaha eanaunsaléw njRcesgpng the LFO control
original data, FEG control data obtain

ed by
control original data, A ‘EﬁﬁFPoﬁvﬁatég 2 plus L@ﬁiéghgavs§°ﬁ?d%%§§lng t he
AEG control origi nhavileg athe same wavedbemonamatarg pdsisentiat bheradizsa i ve of

whether or not 20czse yiefdiSlSdhavePgen' Gabh! G6r UMIRngOLBCERLat 2, and

cal cul ati on node CM 1) 32) . he F_nunber FN is
a nunericaP val ue GRLER .t fon 'mode S¥dPesis BvetRIthy RSuRKEPRLesaldl e,
which is - Eabcutn;embtnaﬁdﬁbruseaaé WDE"fédﬂnampqu&qgatooﬂhél) 25

FN = 2[err] x 2[ery Lllc%llatl?n moéel)CM (p) ener at eo&f %’;n';:epr ?ﬁ?gt the

pitch SP of a nusica Itch ?orlglna
pi tch) inherent inbecause th%\/&iﬁﬁlbﬁhddalpé Wﬁ?Eﬁr? stl”tﬁaé"ladﬁ‘épéﬂ‘ ggtehe

vvave}‘prmf wdesi geag| rlgyct«'eet@fﬁﬁﬁl1I Lﬁlﬁdprﬁéé@éﬂugbwcﬁ&mhﬁedat the 30
oo o) pRkeae bR I IR AL ORIy syl ) e
musi cal tone was r cesededaveform data eogrdspgndinplindghe eglehdprion e, a
numerical value  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) is 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 toO 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 $24, 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



25 allotted to each waveformdata and indirectly i ndi cative
of the retording sanpling frequency of the waveformdata (in the
present enbodi nent, the waveform node assunes an integer fromO to
2, simlarly to the 5 cal cul ation node CMi)). For exanple, the
wavef or m node WM = O corresponds to a recording sanpling

frequency of 40 to 48 kHz, WM = 1 to a recording sanpl i ng frequency
of 20 to 24 kHz, and WM = 2 to a recordi ng sanpling frequency of 10
to 12 kHz. Each 10 waveform data to which is allotted a value (i) of

t he wavef orm node can have a high frequency conponent which

has an upper limt frequency value equal to half of the recordi ng
sanpling frequency. The values SP and OP are32 di vi ded by 1200
because these val ugfe a=A cgitdeoh medntcMl(p), andvéétietn a predetermined The

F number FN controlg [ hg Q?x%@oﬁé’”%e%%a%r register ”«S’Pet&xe assianed

Further, the tone %ﬁgerato d thérern a work
area for tone genet IVEﬁ-ZOtogeth®¥dﬁé§B¢ﬁ§ eV?ﬁFs°9@#¢@%ﬂqgatﬂgeuﬁéﬁnﬁhen

correction of T™. JnReof eHabses&Ms fox tﬁéaapbees@md ke kb eenér ol
dat a S rec U|r formats, of ou%put

buffers preset on © é%tatﬁgpFﬁ$A?? gﬁfvent ' ¥he” tlméwébﬂqﬁgqq §hree 4

buffer 0 is for acweimmeatenyglope generator (EG) control data for
controlling a volume envelope generator, not *shown, and
the cut-off frequency of a tone color filter, not
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 éharacteristics including the
shape of the envelope, according to performance
information such as the pitch SP. The tone color

15 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
genérator register at the assigned channel i at a step
$25, 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 S31, when the user inputs a

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



128 nusi cal tone waveform sanpl es generated by a nmusi cal

t one-generating channel to which is assigned t he cal cul ati on node
0O (CMi) = 0), one of the control data stored in the tone
generator register, described 30 her ei nabove, a buffer 1 for
accumul ati ng 64 nusi cal t one wavef orm sanpl es generated by a tone
generati ng channel to which the calculation node 1 (CMi) = 1) is
assigned, and a buffer 2 for accunul ating 32 nusi cal t one waveform

sanpl es generated by a tone generating 35 channel to which the
calculation node 2 (CMi) = 2) is

26 assi gned. A buffer 1' is for generating 128
nmusi cal tone vvavef orm sanpl es by inté#polating the 64 nusical tone
wavef orm sanpl es idnd Réhdiliftfher ulzeraﬂdp@tbwf ftne2'coll6k humber, tgRN&IoAE N

128 nusi cal tonen\é\ﬁ@vj_eg]prnrgnﬁ)%rpl%s Exr% |nt rggﬁgi ]ggeégce 32 nusi cal

t one waveform sa ener ated tffs
musi cal tone RAM vy efThemtoagpresor mweeqowftfoerredlmametam TG he

buffer 2' are accuwlat@caﬁ&&ewéah%é@ tdree Je%&dwauﬁ@brlﬁcm) tO”e
wavef or m %a:rrpl-es in the gfffer I nto

sanpl es, which are then StGfed 5OR®t ﬁ81°r “aate lbsuﬁrgipaﬁefio?tr%p? %(3|
That is, the buffeMofe asprcifically,f oot i orkornt glagtaoiedtihat4é@8oymidiecal tone

waveform sanpl e  tone cdBdA ditfee T3P bYs tha ANReeORLERL b egrSud Yt
: tone color data stored beforehand in a predetermined
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 preéiously set for the part p is saved in a

20 corresponding storage areaiof the hard disk 4.

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

First, similarly to the step S31, 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



15 reproducti on. By thus interpolating nusical ton

wavef orm-=

sanpl es generated at such | ow sanpling rates (wavefor

sanple data in the buffers 1 and 2 in the present enbodi nment)

128 nusi cal tone

wavef orm sanpl es, the 20 128 nusi cal tone wavefo

sanpl es denerated in the buffer 0 and the 64 and 32 nusical to

wavef or m

accurul at ed toget her wi thout generating aliasing noise,

final 128 nusica

the relationship
However ,

sanpl es generated in the buffers 1 and 2 can be -

e

m
into
rm
ne

wher eby

tone waveform sanpl es for 25 reproduction can be
obtained. The interpolation method enpl oyed in the enbodi nent
be a wel | -known one, such as linear interpolation

In the present enbodi nent, as state above, t¥e t hree ki nds of
buffers 0 to 2 arESﬂﬁﬂEd dadtaedaféaaWpr) in buéfemn6|dumnﬁ|dauaohraae set in

Jhndslcated. bgut'jlg %ut a’?g %te%\l%’% fer 2=4.:2: L
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may
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by the nusical tormamne@ @i Ag retrievedipjrmmatbe accep dhgravsficre geesent
enbodi ment Wi || bestored in the predetermined area in the HDD 4 in a
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manner taking the calculation mode CM(p) into account,
and thé thus retrieved waveform data is loaded into the
waveform data area in the RAM 6 (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
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
the wavefbrm 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
RAM 6, the presept'processing need not be executgd, but
re-loading of the waveform data does not pose any
problem,

Fig. 11 shows a routine for carrying out
waveform LPF précessing, which is executed when a
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 S61. If the

waveform data to be processed cannot be retrieved, it



described with reference to Figs. 4A, 4B and 4C 5 For
-exanpl e, when a note-on event of a part pis I nput into the input
buffer of Fig. 2C, tone col or data PDp is designated according to
the event, and then the wavef orm name WN(p) and the cal cul ation
mode CM p) bel onging to the designated data PDp are automatically
10 desi gnat ed, whereby the CPU 1 generates waveform - sanpl es
of a nusical tone corresponding to the input event at a tine
density (equival ent sanpl’ing frequency) determ ned by the

cal cul ati on node CM p) on an out put buffer corresponding to the
cal cul ati on node. Further, 15 the CPU 1 executes a nusical

t one- generati ng cal cul ation includi Ay interpolation on these
wavef orm BN tAS.e valdoFesmt BRe C@i@w alfediadratfarmi deta Nt itrone

f le d f f 6, d
notifies the D a{ﬁ?ro“ﬁ& RoRP L IR 5S tefntos Jfg%th?e?% Tl cu?gt i on

notifies the DVA c of "thé conp
(Fig. 4B). The DMMebie &ilngs 9f down-samglemsemr\dalal fregaecy Heandidical
tone waveform sanpp€ 1imited. data fromthe out put buffer 0 (Fig. 4C).

Per f or mance dat g_i nput, .t hroygh the I_nt rfa 8 dur.i atine
period fromthe i medi at 2?‘3?‘% é&edisnég T"ﬁ‘ﬁub%{il Mt taB ggz Whéjﬂbee%eorrat i on
of a clock signal B tthe havefegentatanghus retrieved npnt-B@\@fagkcnmat i on

of the clock signake8Gds to be repeﬁHQB?§tFéia<§Cthhe RECSRABt wadl £44@L 1 on for
generating a nmusi cal tone. Reading and reproduction of {he nusical

t one wavef or m sanpPRtYAEDHMAhCORtARAR éﬁYch‘P%RlﬁFtllé’nGBa“d Ligti et ed at
a tinme point tCE iprexessimsl iy eikeeubbl at a stepcsmstrorrhen Ods#@rti ng at.

the next tyqre poi nf.f5fs 0 ig executed &L 4°0EL ‘g]szf hc% % @P'.‘Leﬁﬁgé‘ﬁ‘é BC to

generate a nusi cal ch arrow st nply
i ndi cat es varefe s EpPdintedc ®YheEREERT t Hhe c,td!"@ulcat“é@}eﬁﬁ@ cal tone
35 wavef or m sgapecotiat th e Wakeroafli 8gt4 eprsxluci RBe 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-éampling. 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 S63 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; i.e. a

;ffequency spectrum of an original waveform which has

been sampled at a predetermined recording sampling

30 frequency 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



processi ng, but does not indicate that the result of t he

cal cul ation conpleted at the tine point tCE is transferred at the
time point tBC According to the present enbodinment, the 5
sanpling frequency of the DAC 10 of the mnusical tone- generati ng
apparatus’is 48 kHz, and accordingly the clock signal BCis
generated at tine intervals of 2.7 nsec (128/48k). Hence, the
maxi nrum del ay time from i nputting of performance data to actual
generation of a 10 nmusical tone is approximately 5 nmsec, which poses
no | i stening problemon the human. For automatic

performance, the delay tine nay be |onger, .and hence the size of
the output buffer O may be made | onger. 36 Further, the

readi ng-r epr oduci ngbpaboed shngicweedanpl ibe e waveﬁdmmrbédFag t128 sama

timng as generati QQeSLeI:&? f}?@ﬁmers of th 56 C’reQBEng%' Qﬁnp'sfﬁ'xrgt ed at

any timng such as se o0 pr edet erm ne rfg;arlod
after the tine frequeb%?nthIBGaéF“ éhé’f“ét‘f“b‘f‘ﬂ‘tﬁl fapRec Wa¥RIQT Y gt aBC

i nsof ar aati thdoéﬁuﬂﬁldi&s%aﬁ@!lthfﬁéqd@@ @ em rpzt he human. 20
Now, description w nad nt r ol cessi X ed by
the CPU 1 %f t he gFga?O oﬁﬁééé WP Y ené?atlng a %r%tgg %o%@##ucted as
above, with - spectftuRcpfed tWavVRifgam gbtélq%d by subJectmg thefrjg. 5

shows a nain routi RRvRXBeMt &8 Mgt hecChY 2Re waveform Tpe PRbBesOUAGNE S
started when the user t

h |
t one- gener ati ng appafat Eéga flm”tmg( M@ﬁefﬁgr\,’\%‘: o%’?%rﬁqwofjﬁgngﬁﬁ‘%}aﬁggtone

generator is the resyyeirg wavefipgmcdsbawhera firguenganfli/dntimes of

i npl enent eqlgon a QQ%QV%EcBH&PﬂéE%émariagakrEQHPHé§¥)foéﬂéalculaEiﬂg 6 shows
M DI -recei ving interrupt proce55|n |nterru%t groce55|ng IS
executed with t he HW@H@? tone waveform data at the eguivalent samplin

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 dbwn—sampling in Fig. 12D is executed by skipping
every other sample of the waveform data of Fig. 12C
after execution of the band limiting processing.
Therefore, according to the present embodimeht, the

20 down-sampling can be effected only at a frequency which
is 27" times (n: a positive integer) of the recording
sampling frequency of the original waveform. However,
by simultaneously executing the processings at the
steps S63 and S64, 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
loop 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



priority upon inputting of performance data through the - M DI

I nterface 8. First, the processing of Fig. 6 wll be 35
described. At a step Sl1l1, received data is fetched,

29 and then at a step S12 the received data is witten into
the input buffer of the RAM 6 together with tine data indicating
when the data is received. _ In the main routine of Fig. 5,
first, 5 initializations are executed at a step S1, i.e. all the
tone-generating channels are turned off, all the registers are

cl eared, and the readi ng-reproduci ng processing by the DVA
controller 9 is initialized to be started. Then, it is determ ned
at a step S2 whet her 10 or not the inpu}? buffer contains received

data. If the separatBDyt chtfd®f fleas thet tRo8t gédetdted a@@e¥edndat a, the

program i nmedi at el roceed t , | I nput
buf fer contains-ré%%?vgg %a?%%gdggiagﬁﬁﬁg wg@g%ggﬁ %%f%@%ﬁéﬁ&FnEQ§% t he
received data, sudheawangferpndatta and sgpxgd pEoeestemd7hotsdmaiprdyent

processing and peda) the step SP5OCERAE HFore8sRAEEOsEEhalstRpst 88758nd
foll owed by the ogram proceedin

At the step S4, it598 aF& gF‘ﬁ ARl Vet HES tﬁ]gf‘tehgtgésepsegg'% f8n eTBft
such as tone col orressloac whygnthasw@@form haydogr edloop f sent i tish event has
OCCUrred1 the prcmgﬁﬂﬁected to the above processing is as follows: In
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 processing, 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 S6 in Fig. §S.
20 First, at a step S81 in Fig. 133, the contents
in the tone generator register (Fig. 2D) are checked to
determine whether or not new data has been written into
the fegister, at a step S82. If no new data has been
written, the program immediately proceeds to a step
25 S84. 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 $83. More specifically,
the tone generatoi 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 1i.
35 At the following step S84, calculation timing



iI-mmedi ately proceeds to a step S6, whereas if a switch event has
occurred, panel switch event processing is executed, e.g. by
selecting a tone color for each M D channel according to setting
of a tone color-selecting 25 switch at a step S5, and then the program
proceeds“to a step S6. At the step S6, a
subroutine for tone generator processi ng shown in Figs. 13A and
13B, hereinafter described, " is executed, and further other
processi ngs 30 are executed at a step S7, followed by the program
returning to the step S2. Thereafter, the steps S2 to S7 are
repeat edl y executed. Fig. 7 shows details of the note-on
event processing which is one of th# received data 35

processi ngs executmuhtlyplt he saepiQB qut.Fi §pebifically, a timing for

30 @J r%t:mgaEeQdﬁt)& po:.s%lave%oﬁ}ht QQté‘% xaré?ﬁ:rlty ﬂHH@@r

I ndi cated by the received note-on data are ,stored area SP
(hereinafter the SISREOUCsHAPBNES $Hertcvr Fiipe point tBCbe(Fr’@f effefi®to as
"the pitch SP") argtaanimgeaapchlation of hejvefaaiht@astat he> Heoregrodnteat s

t her eof WB' | be n%xt tln{eeg.ﬁr ESthé’ n?aﬁ'x @%hggr‘tﬂapeéorgr( %%%ta Q‘et he RAM 6,

respectively, and same fIme an event OCCurrenc time point
(received tine p0|¢99thﬁ¥9§ﬁéﬂeﬂe?% e drepgoduced Wlth?%%tﬂﬂﬁ?Fﬁ&PFéPnthe
contents thereof vii |tHee repfrenédion block (DMA controller 9). At the

following step S85, it is determined whether or not the
éalculation—starting time point tBC has been reached,
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 S86). 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 calculaiions are stopped
immediately when the time is reached). Then, the data
prepared at the step $83 are developed on the time axis
to preparé 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) = 0

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 S$90. 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



10 to as "the occurrence tinme point TM) preset in the RAM 6.
Then, at a step S22, tone generation-assigning processing is
performed for determning a tone- génerating channel of the tone
generator register (Fig. 15 2D) into which tone color data is to be
witten; and t he assi gned channel nunber is stored in an area i
(here| nafter the stored contents thereof wll be referred to as

"t he assigned channel i"). At the follow ng step S23, tone
col or data PDp 20 for the part p (see Fig. 2A) is retrieved to obtain
a wavef orm nane (waveform designating data) WN(p) and a

cal cul ati on node CM p), and waveform data correspondi ng to the-
cal cul ation node CMp) is selected out of 39 - waveformdata having the
wavef orm name VN( pioremzi s?an&ﬁes forl €86 SHEMESS 0N st GenBAM 84 (&e€ dddbd 2B)

for reading out mdata is set wav ormde5| nat i ng
dat a for the as%lldhé: CE’SEESF ? e H Eé%I_?)) the" Proees iy

t hi s ‘connecti on, aa'pl thel stepofSARNatef 80t dath are not a Bavphg additkore '
wavef or m name VI py s éa PN dat a38o the & a %’ﬂ%@ecowesﬁ@ﬂ&ﬁ m dat a

WD2' and WD2" are ai ned ling . th vef a D2
as > nentloﬁgﬁf%’éfor%’e%cﬂ]rg&ef bhe ‘ﬁ% e ls?aﬁé: 80‘%&

nane as that of thexeaveior mfdatieamtWbl. ofhupdatfn@ a read addpbasal ity of
wavef orm data havi BQrL%Qpéx?&%d"’ac\eeft%”b Admber FW¥Br ¥=enPLRIRALL Pne of

themis sel ected,
(see Fig. 2D), reading and interpolation of waveform

sample data corresponding to the read address, read out

10 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
aré repeatedly performed for each sample of the musical

15 tone waveform data genérated 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
.desigjated according to the waveform name WN(p) of the
part p 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 (equivalent sampling frequency)
set for the channel i, the F number FN value is

30 corrected by the latter term of thé equation (1) for
calculating 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 S90 to 92, reference should be made to the

35 specification and Fig. 13 of Japanese Patent



31 corresponds to the cal cul ati on node CM p).

However-, 'even if a plurality of waveform data havi ng the sane
wavef orm nane are present, there is a . case where no waveform data
corresponding to the 5 cal cul ati on node CMp) is present. For

exanpl e, in Fig. 2B, no waveform data WD1" corresponding to the

cal cul ati on node _CN(p) (p =2) is present. This is because the user
di d not prepare the waveform data WD1", e.g. by waveform LPF
processi ng (described 10 " hereinafter with.reference to Fig. 11). 1In
such a case, waveform data corresponding to the cal cul ation

node CM p) cannot be selected, and therefore waveform data with the
same waveform nane WN(p) but correspdfding to a different waveform
node WM is 15 appl bedteibn alod a-de3d2edf ilesi Jallyt ale s9gYhal is

data, i.e. by changli ng orm dat a, spelflcally
by adjusting the Flhunb®96) - FN. 20 In the present

embodi ment, the cal cul atigs dmlbed hereifd¥die  arGehhe f Waxed fyvin Rada VW of
a wavef or n%sw tabl e o moJe m 1 al tong eltnerf%t | ggel n thenaq:al cul ation
node CN(p? g?geg%’f Ina o c 0 one' Y i ONnShi p- eg
specifically, if thelculatien |mdennden01v(®e)l¢<st®bt lﬁoléSpOSSlbIEP\/(tm = 0,
waveform data t.0o WgkgBrite ﬁﬁﬁ@gdm’gbﬁgdﬁayﬁkorm sa leS Hrigndllotted is

sel ected. However, "th Clsgp) agg?t he waveform

cal cul a
mode WM are based SﬁSEgnateg P’dﬁ"?‘f SFedl %Bﬁﬁc‘éap]tcs“]ﬁr'f °do™ Bhays
correspond to eachcorrecting dtieelF. nthbepr B8 entHevvedi, Mt the Fremelber

arranged sygh 30 gy aEQ@ﬁe¥%%“¥é¥h%‘qg&ae?%adﬂ§ﬂ§&§&94roﬁfampé€§%é

generated by Changéag HisseadaReed, Loreieal iedibarion siaddiGuvelorm

wavef or m WM corresponds to e cal cul ation nod
Referring again to"Flll;}e 71" dehereafefugogo the CorreCtlont'oﬁECcoltiﬂe data PDp
(tone col or data i mdisaatengbyermerated musleanewmd aam tuaber a Tdégraded

Pﬁ;e:oi”f‘itherspr S‘;\gr refah 2ty ! O roP exampiel "GnA {nd ¥ SuhRECFREFACGA di NG tO

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 exceeds 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 frequeéency
components lower than 1/4 times of the equivalent

25 sampling frequency, failing to obtain a quality
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
waveform 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



32 the cal cul ati on node CM p), and set in a predeterm ned

area of. the tone generator register of the assigned channel i
together with the event occurrence tine point TM One of the

obj ects of the processing of the tone 5 color data PDp is to prevent
t he tinme ‘changi ng shape of vol ume envel ope generator (EG control
data for controlling a volune envel ope generator, not shown, and
the cut-off frequency of a tone color filter, not shown, from being
changed according to the cal culation 10 node C(p). Another object of
the processing is, simlarly to ordinary electronic mnusica

I nstrunents, to vary nusical tone characteristics including the
shape of the envel ope, according to perfornmadte i nformati on such as
the pitch SP. The §osgef @9y whather oaumrtﬁec(d@rrbatsehabyéihp is@he as

wi || be described w t.h refereﬂce to Next

note-on data is ww+??%n1qﬁﬂﬁ?thé Eonghether °r§ﬁ§§n§P&FS}aF§%n%té$ at the
assi gned channel ivavefomsfor all theSghandeld gwarkilgdt Epni genéraf inee

present rOUtine 2fusical tones h%bgsbfgntébﬂﬁiéﬂﬂaN rQch89§g$Eﬁ £ Gy NY
vari ous event processin are triggered epr.essi ng
respective panel sﬁ??%ﬂ%% qﬁ%&“ﬁ érreﬁgg ﬁé calgpdatedi nfgP$ s one of

t he panel switch enezmbelprcm:eﬂm ra:gpsnnel to be ececlontlad edt neke sime S5 dat Fi g.
5. The panel Sm”tcggstﬁé channéqax.gg e§bd"€§¥%§%%&b89r9h@ pfgqfam

alternatively on t I spl a

| atter ca§%t“%P%RHsﬁﬂ'Qh§ ﬁﬁ@@dsﬁ 'nééhéjﬁFe§N EﬁPIBEﬁdk%y of
t he keyboard 2 or axeduse, thotprdt@eding0 JePr&ss cther hand, if waveform

10 calculations have been completed'for all the channels,
the program proceeds to a step S595.

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

15 samples generated in the buffer 2 are interpolated
(oversampled), and respective 128 musical tone wavefornm
data samples thus obtained are stored in the buffers 1'
and 2' as musical tone waveform data. Then, at a step
S96, 128 musical tone waveform samples obtaihed 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
effgct to the data, and theh at a step S$98,
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



desired panel switch. 30 Fig. 8 shows a routine for selecting a
part taene color, which is executed when a part tone col or-
selecting switch of the panel sw tches, not shown, is depressed.
First, at a step S31, when the user inputs a 35 part nunber, the part
nunber i s stored in the area p, '

33 and when the user inputs a tone col or nunber, the tone

col or nunber is stored in an area TC(p) preset in the RAM 6. The
tone col or nunber stored in the area TC(p) is the above-nentioned
tone col or nunber TC(p). 5 : Next, tone color data is prepared
at a step S32. More specifically, tone color data-indicated by the
tone col or nunber TC(p) is retrieved froma & oup of t one col or

data stored befor ehsde dam %ep@edeégtmmd mode m wﬁi@ﬂ a tiridrdalieghard di sk
of the HDD 4 and Ioa col or ta area cated

:ﬁ% QC h t one a g_ a &?p in%&

by the part p. &P he %%e‘? 5t BeGEEPERAL Phe® dRE WA BFAPR the
| oaded tone col or masicdls tropesr ped genexmted with a high quketidivv ned whet her
or not waveform dag &%rﬂ;‘“%tne"thYpurpose oft Reedadttan¥Bi Pd1 ashd he-

alculatlon node Cmggg present in the waveform data storage area
of Fig. 2B ?aqﬁﬂ?(kﬂzils not present, the waveform data stored
in ' t he hard di skrwfthelyre bBibbcd tlse reeddudat iandmdédadexh ibe et

for each part, musical tones for 'the part having a
larger listening effect can be generated with a high
guality, to thereby enable making 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 quality can be

15 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. Fufther, ﬁaveform data can be selected out of.
the thus generated wavefoim data according to the

20 calculation mode selected by the user, to thereby
generate musical tones. As -d 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 genérated 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 é 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



t he waveform data storage area. On this occasion, tone col or data
previ ously set for the part pis saved in a 20 correspondi ng storage
area of the hard disk 4. Fig. 9 shows a routine for .
selecting a part ‘node, which is executed when a part

mode- sel ecti ng swi tch, not shown, is depressed.

First, simlarly to the step S31, a part nunber 25 | nput by the user
is stored in the area p, and when the user- inputs a cal cul ation
node, the cal cul ati on node (an integer out of O to 2) is stored in
the area CM p) in the tone color data area indicated by the part
p, at a step $41. 30 Fig. 10 shows a routine for

sel ecting a part wavef orm which is4gxecuted when a part waveform

sel ecting switch, ngl §*AQW'& l'o§: d 9!{9&?@& 1 £ 1 T3dveddl larly
to the step S31, a paert nunb § psampbymtgherﬁg\é?nfg sto‘Feed In the

area p, and when tfRtagrith a &gt‘é’r r?ﬁ%’fﬁ%“% SRR SEME RS AR N ER A RBRAGMS nane

S frequency components over a narrow band3dan be stored in

the area V\N( p) in é]bgCéé)éL% Colrﬁgsdﬁéﬁeg el’_a unnceaﬁessar d\:SaE % ? the part P

at a step S51. Towaver orm dat a Corr es g to the
cal cul ati on node Clgphonatinneedr advavefost ckn WX tHeEecl or data.

specifically, waveform datccdradngatedehy presemty odiment,  whé@ne WN(p) is
retrieved fr0n1thecg{gﬁigégoﬁM%g%fOEﬁkg?thr 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, the waveform LPF
processing of Fig. 11 is automatically executed to

20 prepare 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 Wbn (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 subjected 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



stored in the predetermined area in the HDD 4 in a manner taki ng
the calcul ation node CM p) into account, and the thus retrieved
waveformdata is | oaded into the 10 - wavef orm data:area in the RAM 6
(see Fig. 2B). The expression in a manner taking the

cal cul ati"on mode CM p) into account” neans as foll ows: If a
plurality of waveformdata with the sane waveform nanme WN(p) are
present, which include waveformdata to 15 which is allotted the
wavef orm node WM corresponding to t he cal cul ati on node CM p), only
the waveformdata with t he waveform node WM al | otted thereto is
sel ected and | oaded into the waveformdata area. In this manner,
the RAM 6 can be efficiently used. Alternatisely, all 20 t he wavef orm

data having the saje d’hﬁéé%ft(i?nkgé‘geoxw\'(ﬁ)om the hard@¥sPe |Qadednknkamt he
wavef orm data area i rrespec I ve f the calcul ati on ,node

CM'p) .
I'f waveform data wf tHEI0Sts ¥EHALRT JHhf r’f’z?r’f@fﬁég‘ LPF procesyingaqy been
stored in the waveform dalahangh omly hene?valculaRidvh GpodéheCMipesenn be

processing need noéefn)eectee)&e%gregacgﬁ?rt accordllhs LQa'gﬁ@gango&ilﬂ\%n veform

data does not pose a shows a

routine f&r carryl%l%ms not llmlt%%ﬁé? or MiteEnaEbEaly; n"ghe m1(5?1‘1P§l°“
executed when a 3fode maw\méeaatmf’fcsmg Whanget shewna pBuAAReSsEd.

First, when the us |n utsa ye rmito _he nd
contents of proces‘ghah O tlé"wa rate musical toflﬁs gélal\g/)e orm% %ta to be

processed is retripyedl faerandiag tO the vajaimst, o PAE 6Bt act® eaSf foeeREBRI 6 at

a step S61. If thech§,5nel wavef orm data to be processed cannot be

r riev . . .
etrieved, 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 stored

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

Referring first to Flg 14A, there is shown a
format of the tone color. data reglster 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. 14E shows a format of a sample buffer OB which
corresponds to the buffer 0 in Fig. 3.

30 The buffers WB and OB arée each provided with a
waveform data storage area for 128 musical tone
waveform samples (WSD1l to WSD128 and OD1 to OD128,
respectively. The output buffer OB stores waveform
data obtained by sequentially adding together musical

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



35 Is retrieved fromthe group of waveformdata stored in

the hard.disk 4. The contents of the processing I ncl ude ki nds of
down-sanpling and a frequency band to be limted. 5

Then, it is determ ned at a step S62 whet her or not the waveform
data thus retrieved contains a | oop section to be repeatedly read
out. If the waveform data does not contain any | oop section, band
limting processing is executed at a step S63. Then, down- 10
sanpling is executed at a step S64 to conplete the wavef or m

foll owed by storing the thus conpleted ' waveformin the waveform
data area in the RAM 6 at a step S65. The band limting processing
is enployed in order to prevent m xigg of aliasing noises in the 15

stored maveforn1dq; ’C&Myﬂi n“@klwQ&&fgrAfdé¥§Mlhs@g?L£Q@ out by s
e t 1's wthout e

executed to store t waveformdata as | . xecution of
the band |initing $gpleesdiing. 178epamples for reprodyghyon|eyey iy HHScessi ng
shoul d be effectedhdicll@draBsponding tE&XIMNfrahead¥oi e HEIE UFHaIRA ,Oland

al i asi ng noi ses byréﬁeeat%%f Fﬁs ggmg-g%l{?#ear%oéb%g%rlsggeﬂgyilplﬁp%g o0 be

limted is set he user .
Ref erring next to FpapnelpAit.g.1ghanppks currentlyppgedsEpngiownding -st eps

S63 and S64 will behexdinpiReBurfer WB stdFed Radrgwne8ats htoahsed ssa
represents the freqrt’Jenc vel. Fig. 12A

, 25 1d th i ngte the |
shows an exanple € annel, 5% Fgaugﬁ&}ugg%%%ﬁm% eaﬁcﬁﬂg?ﬁ?%?%veform
name: Pl ANDre ripafadiae fomeonavelfianm ) R whecwsvefigrmidata a

frequency spectrum pfefdy WrdtedknWR¥ehor Mkl vt Rae new waverdSfuatanpl ed
at a predeterm ned_recordi nga sanpl reguen or cal cyl ating

.ng 30 fre gy Fs f
musi cal toffe wavef bPFn R £hannel is gf‘%?'ﬁ%a%"tﬂri v eﬁf‘l\éaﬁ‘ﬁ?ﬁ‘?\ﬁt’f?’é’qﬁéﬁcy of
48 kHz (waved qrem inetl @cilespOhdiky gto ke shrawe dsfegoaknoy a

spectrum of a wavef gpm ﬂbé@qub%!‘tustenggég@&%%@ocltcleil%currenc ghor m of

Fig. 12A to band I1Tmting processing. ) shows a frequency
spectrum of a wavePeiptsihihayy 4n Fig. 4C according 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 modé 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 displayed on part of the

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



36 obt ai ned by down-sanpling the waveformof Fig. 12B at a

frequency 1/2 times of the original recording sanpling frequency,
for cal cul ating musical tone waveform data - at the equival ent
sanpling frequency of 24 kHz 5 (waveform node WM = 1). Fig. 12D
shows a frequency spectrum of a wavef orm obt ai ned by subjecting the
wavef orm of Fig. 12C to the waveform LPF processing, I e. band
limting processing, and then down-sanpling the resulting waveform
data at a frequency 1/2 tinmes of 10 the recordi ng sanpling frequency,
for cal cul ating musi cal tone waveform data at the equival ent

sanpl i ng frequency of 12 kHz (waveform node WM = 2). The down-
sanpling in Fig. 12Cis, as described herei mgbove with reference to

gi g. lf2l3i:' exeggtB ed:o%)ha_&lki th Neh & Vet r3hh En€é5 view, &aarﬁﬂoe:_sohétsb@axlag\[/)ef orm
ata of Fig. . _Sinilar the down- sa in Fig is
execut ed by ski ppiSFgtions ake %ﬁ%ﬁ%ﬂ?ﬂfhépcégﬁb?% %pkb%Q%VﬁV§P5rﬁ%daT%.of
Fig. 12C 150t on/efEcat spiawisadidobadd, | ami titergolecdosi ENT) -

Therefore, accordifgttifqt BEspisy lctagpodiaent aifea Pk 1ter d@ERysampling
can be effected only at "a freque 2lerr] tines (n: a

ncy whi ch I S
posi tive integer) SFEtHRE FéEB}?Wrﬁggt1°“ 35, aanpffeet 1 (EqUeseytdn9t he
ori gi nal wavef or mdildplayesection 36, a\sasmpiiihyafeegpsdncyeXESK) i-sgtt heg

processings at the{‘iis la; sec§£819537s,63& %B‘ilﬁﬁﬁi’ intlelée nge ch3nf if orm.
t he down- 25 saﬁbl?n%Pat a frequency MhICE I'S aﬁﬁg%ﬁgtrary nu?tlple
. number (MPF)-setting display section 38, a currently
sounded channel number display section 39, a duty ratio
10 display section 40, and a sound level display section
41. Further, various key switches are arrangedr.
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 (16w 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



of the sanpling frequency of the original waveform

Referrimng*again to Fig. 11, if it is determ ned at ‘the step S62
that the retrieved waveform data has a | oop section, the waveform
i's devel oped into a waveform 30 having an attack section and several
repetitions of the | oop section connected to the attack section,
at a step _ S66. Then, the devel oped waveformdata is subjected to
a band Iimt processing at a step S67, followed by down- sanpl i ng
the band-limted data at a step S68. 35 Then, a new attack section and
a new | oop section are

37 separately cut off fromthe thus generated waveform dat a
at a step S69, and a waveformis conpleted frqam t he wavef orm dat a

and stored at a stgRce{O0n §4NdAdLs a suiga%i@ 06 SARIBR mdPod for
d>5 68 are t

processings at the steps, S67 an e sane as those at the
steps S63 and. 64. ©PRgining a sanple,FORKGSPARIIRY T rhendFrrgian| BRFr -
section is Thebjiftéepolat idie saltfiagpaOSEEsy Nk dtI oas 3Mokhnnselddr

wavef orm data whic a I i_Qn _an . ction, the
| oop section is forgnggﬁﬁiggfé%%eﬁ%%gglﬁ ge@h&g?lpssla{]r?plaeglbgﬁd therefore
a hi gh-order | ow p&¥actipPpera two-pointginserpelasien tetdiode #ELPIsabj ect the

ori gi nal wavakarmetfct Hien paid hioMukkNgf PLACESSI 1.1 onheeehyd a

saursfctony band GUSRUELT o0 TGS Lt 008 Toquiring o811 100

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 concefned-with a third embodiment of the
invention, descéribed 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



15 enabl es the use of a high-order |ow pass filter even for

wavef orm¥data having a | oop section, to thereby ' achi eve LPF
processing with reduced noi ses. Figs. 13A and 13B show
details of the tone generator processing executed at the step S6
in Fig.-5. 20 First, at a step S81 in Fig. 13A, the contents

in the tone generator register (Fig. 2D) are checked to det er m ne
whet her or not new data has been witten into the register, at a
step S82. If no new data has been witten, the programinmedi ately
proceeds to a step 25 S84. 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 ha& been witten is

exetcut Ied at a _steplﬁﬁﬁuedvme'qoswgggi ihC@idé/:T té) reduce ut@e ﬁ@gt@i@@}embm
control - prepari ng processi . i ncl udes convertin ata.in a_ -

t one- generati ng chg% b i Tht maX1muTi?H%L%ﬁﬂqg1tﬁgfégﬁ5§r HE BRS¢t en)
into various that ozt hel vdetaféortamd Wnewatébor pac abe Wharigew, and

setting the first peafipdinasgel 8 §c8di 8 MHCHAYEHG Bhe nunmerigadala

corresponding to the_data in the channel , .
fol | owi ng >step S84vatug cthigh 4F figphgyed by the maximum tone-generating
38 cont r othasne&nminde rogett Spgcdismiay BwecaivhnBag for

Set to'a time point 18C (HGCdT gty coladed i¥icon, chanpel MU O 1 °
waveformdata to bgisgkﬁyxﬁﬂggion 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, control 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, ahd'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. 1If a



5 next tinme in such a manner that waveform data are

continyously read and reproduced w thout interruption at the
reproduction block (DVA controller 9). At the followi ng step S85,
it is determ ned whether or not the cal cul ation-starting tine
poi nt tBC has been reached, 10 and if not, the programis imredi ately
t er m nat ed. When the cal culation-starting tine point has
been reached, channel control is first carried out to determne a
sequence of cal cul ations and a channel to - be stopped from
generating a nusical tone, according to 15 nmusi cal tones to be
produced by respective channels (step S86). The cal cul ation -
sequence is determined in order to cBrry out calculation for
channel s for trlggeﬂEm@Ifaq;dnuycaakstOﬂne odnterghefdeyeees of

i nportance earlier, ggﬁggnérgg?€¥43ﬂ%hgeggkﬁyﬁg& g?ete%ef Slogannot be

conpl eted by the tlne
calcul ations are s sééeued by execﬁﬁﬁﬂ@dPaF€F§e§WRﬂ¢%Wﬁ3Hﬂ°ﬁ§sﬁén€eadﬂ@ﬂ)
Then, the data tr:.gge?iﬂ@&fﬁd:c&t ilndauakepMBB8 prcrdiMalopedoven the tinme

axi s to pre or, wa al cul ations (st 37 .
at a step %BS t he n% g?dovh ﬁ@%ﬁgggﬁgréFlng Eﬁann Cptﬁe Enp EaV|ng t he
first calculati on buf€eriatsatstep 13196, tone geperagmt eirocessing to be

At a step S89 in F'e&ec&égd é@%ﬂ@é—t@r‘ﬂﬁn@ﬁetlme interdAlC o tre8BoRBERg CM i )
i s determ ned, and if nmusi cal tone waveform data

for 128 sanpl es fof® ©Re fl’am? h%t &ﬁﬁ?@ S(iogs a‘éﬂ%?éf’é‘?fe:fﬁc}“gﬁdﬁa % data
in the bufekecufedt wheste@he89Gwitich Evenys odcumwlads a stiepcallo,

tone “ﬁvef?6n1data nﬂrtgém§ﬁQPlS§ ﬁchééy%n%h%B“SE éxééhted when agenerated
and added to data in the buffer 1 at a step I'f CMi) = 2

hol ds, nusical tondSFNERELAN(GPEmand is 1nP“t 2t 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 éf the MIDI
monitor 31, corresponding to a channel which has
received the MIDI data is lit up at a step S107. 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 Slll.
25 The tone generator processing at the step S108 is
executed upon detection that reading-reproducing
pfocessing 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 8. The tone
generator 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. 1In this connection, Figs.



39 for 32 sanples for the channel i is generated and added

to data i*n the buffer 2 at a step S92. The processings at the steps
S90 to S92 each are not a sinple addition of nusical tone data to
the data in the corresponding 5 ‘buffer. Specifically, the addition
is effect’'ed after execution of control of updating a read address
corresponding to the F nunber FN f'or each channel i (see Fig. 2D
readi ng and interpol ati on of waveform sanpl e data corresponding to
the read address, read out 10 fromthe wavef orm data storage area
shown in Fig. 2B, and then tone color and vol une envel ope
processi ng of t he interpol ated wavef orm sanpl es to obtain nusical
tone waveform sanpl es. The above descri bed psocessings are

repeat edly perforngghfofgeatly Samake eénéméw%eal th8 second ONe waveform
dat a generated by one eneration oce55| n%g For exanple, for the

channel i having tfEpodiment in,which: opfp cfé“éﬁ(‘ll =08, thqelihove
processi ngs are 1nterpdsmﬂairedle¥t|begi odipict alntfiill t228satsingl dfifiect

wavef or m SaOPL fi5s A Eg@ﬁrmgg%e%\@):b%fr%'%%ga{:ﬁeV\Qﬁf@bfS.Lr%@l@ 20

out is waveform data des"fgnate I gnhat1 ng dat a.
The wavef o m dat a FSNEEPECHRY HRdthe displayeki gRRt EBeattReHi BRPd 0 t he

wavef orm name WN(pyrigé. tden and 223 aper&o:pcé@emmlﬁhacﬁustnﬁfdtone bei ng

gener at ed t hrough embo ay( ]) nghgﬁnﬁra II n% e&’%ennﬁ Se@gn%lgc q)réd t he
| i

25 cal cul ati on 'nd e
frequency of the waetformedidiv Qpexating eh%mu@mn yn the contg@heri@tved

nusi cal tone signabndgge é&ﬁpl&%’@eSPQHdtﬁé present spbb@f@éh@i%ﬁﬂ'ﬁﬂe ”Dde

(equi val ent sanpl i frequ t.h nnel the F

nunber FN V@I ue |sgg5 ’E%‘i‘filg’??&"t Loy by ]P‘?\ea]r% tbgrlete‘lfé SFcfh%é%q’dhtlon (1)
for cal cuibhichgthdendximmrbenmbdr dhim<icaletonen te bade

in order to ensure g?@?ﬁ@éaowmﬁmmdﬁhﬁélr cBPr{eor@-gtelﬁ%ratlnggchaxq?engnat ed

pitch. For details”o rocessing a to 92
ref erence shoul d bBSﬁngOFOpqqﬁageneratlon) can be set by operatlng 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 into 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 S§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



35 specification and Fig. 13 of Japanese Patent

40 - * Application No. 7-197923 filed July 12, 1995 -

(corresponding to U.S. Patent Application filed July 11, 1996).

As descri bed herei nabove, even if waveformwth 5 a wavef orm node

whi ch is 'suitable for the designated cal cul ati on node is not
selected, it is possible to generate nusi cal tone waveform sanpl es
at the designated pitch SP in any cal cul ati on node, by

correcting the F nunber FN. However, if the F nunber 10 FN assunes a
value largely different froma reference val ue "1" thereof due to
the correction, etc., the resulti ng generated nusical tone can have
a degraded quality. For exanple, whesithe F nunber FN for the

channel is CorreCtﬁ ééhé&‘“yfﬁbgﬁggﬁoyéléﬁiéggétéhd:Qﬂelévente$5éﬁffgﬁéé3n

(e.g. FN > 2), high, Trequency conmponents of waveform data read
olt fromthe wavefbif¢ pPoint TMjataasEbeRgel 2 e BUO¥EGs P aF T BINA 1T

equi val ent th@nprodad f equency, causing generation of aliasing

noi ses i n waveform sanpl es, obt aijned _hy e_.20 i nterpl atj .
Conversely, if the F nunbetzlfgoﬁfNallas% anQ 1&Q s%%"? rée&ré)(?ftag‘ 28%%9:;?71&??' val ue
due to the correctPeh the tone gemegatpN Rrocsysingatigusrsdnpt eshobidned
by I nt er pohedé e £ BB ridspeRkYngi @besndagvad .Cc frequency

First, at a step S130 in Fig. 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
S130 is to calculate a time period over which musical
tone waveform data can be generated (tone generator

15 processing). More specifically, in the tone generator
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—dampiné-time point TL (time
limit) can be calculated by the following equation (2):

TL = ST + FL x DR - US - AS ce.(2)

where ST represents a starting time point of the frame
30 to be currently repfoduced, 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



conmponents |lower than 1/4 times of the equival ent 25 sanpl i ng

frequency, failing to obtain a quality corresponding to the tine
density set for the channel for generating nusical tone waveform
sanpl es. Therefore, in designating waveform data by waveform
designati*ng data to be read out for generating nusical 30 t ones

t hrough each channel i, it is desirable to select ) wavef or m dat a
with a waveform node allotted thereto, : which I's suitable for the
calcul ati on node CM (i) for t he each channel, e.g. waveform data
with Wi=1if CM =1. 35 "Referring again to Fig.
13B, it is determ ned at :

41 a step S93 whether or not the cursent channel i is the

llast channel, i.e.p¥belhescdysinQl teRbCHAIIPNG Rfime period VMR HH thor al |
t he channel s reqU|red1:{ﬂ§enera si cal _tagnes_have been

conpl eted. 1f wavePdFPAEHRI HRVSH ergtl°%rﬁﬁﬁﬁﬁsﬁﬁngch&ﬁﬁeF§ LeUAR R0t o be
cal cul ated, the etc omudreratkedt wevebauwme| fd abeloakt it ptetl ahaxnetlisme i s

set to theyg fe@n&ngt @He&%“veécﬂ{nlso%q Qgpw&ucwﬂg{ ?ﬁ’e

returning to the step 39, to ther r epeat execut e
processi ngg On t hetBEhRMA eaRErqldefn efB‘Pn*r‘l‘EFebY copRiLlete at R fCfave been
conpleted for all gbaeehedwadrvcessing). the program proceeds to a step S95.

At the step-895, as preVifﬁgﬂﬁﬁngﬁiqkﬁpengiﬁ$E indicates how long the
musical tone-generating proceésing 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 ratio is spared for the tone

15 generator processing, and the rest time period for
other processings by the software tone generator and
other application processings. The duty ratio DR is
set by the duty ratio switch 44. 1In the above equation
(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

S131. The channel control is for setting the .

25 . calculation sequence between the 32 channels such that

" a channel fér generating a musical tone with higher

priority (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 highei
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



reference to Fig. 3, 64 nusical tone waveform sanples generated in
the buffér 1 and 32 nusical tone waveform 15 sanpl es generated in the
buffer 2 are interpol ated (oversanpl ed), and respective 128

musi cal tone waveform data sanpl es thus obtained are stored in the
buffers 1' and 2' as nusical tone waveform data. Then, at a step
S96, 128 nusical tone waveform sanpl es obtai ned by 20 addi ng t oget her
respective 128 nusical tone waveform sanples in the buffers 0, 1'
and 2' are stored in the buffer O. At the
foll ow ng step S97, the nusical tone wavef orm data thus stored in
the buffer 0 is subjected 25 to reverberation processing to inpart a
reverberation effect to the data, af¥l then at a step S98,

reproduction of theish?2®lnisneakotRied Vewas of BheakpPL e period. iOh the

buffer 0.is reserved W tf khe FePLoduct] O A3 racing o mifdARLR
termnating the present toné generator brocesdi g

As described her eivitiiv\iewezcpsidr by tleearte not only apgkarnel sffied deént, a

plurality of cal cUict iU @PEeF used for HEAMYY 88€ L0so Cal i idiNGor
nmusi cal tqne waveformd

at.a . io ?qlgner,a_trg n1I]|r§| cal _ton(ﬁFéeer aqg t he user
can freel 35 genexakdng, gL I A rBYET AW Sore the
42 user caftsat ectecaittiber ofi tinelechanngli clenamol nctlkasaiput
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 S133 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 CD1 is checked at the step
S134., If CDP1 = 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 processiné).
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 S134 to
the step S136. At the step S136, waveform reading from
the designated waveform table and interpolation

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. 1In the processing,
waveform data for the channel designated by the

35 parameter i is calculated for one frame (128 samples).



nunber of nusical tone are generated or a node in which nmusi cal
tones are generated with a high quality, dependi ng on the purpose
of use of nusical tone 5 generati on. Further, since

t he cal cul ati on node can be set for each part, nusical tones for

t he part “having a | arger listening effect can be generated with a
hi gh quality, to thereby enable nmaking the nost of the 10

| imted processing capacity of the nusical tone- generati ng

appar at us. Furthernore, waveformdata with a | ow recording
sampling frequency for a calculation node (nmode 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 calcul ation node ( mode for generating, nusical
tones with a hi ghFirst, at s$%4R S1SQPn¢ ﬁe?am%‘%e‘f‘ﬁ?k?ﬁrdép&%&ﬁ el eiict ed
out of t heo hus ghery adtedch waepl gubfldasn aocarpdilagiba nbBehdd is

cal cul ation node %%l %ESQ B %é%%%ﬁ?ﬁ? t%oakhfﬁé%gFolaﬁlon megﬁggrate musi cal

tones. As a result or ex tones are generated
through a channel rRigdsser CD I A02urFali Balds, meleindieolahiequival ent

sanpling s per@duneay, s@cw/ae\@fanrd@saawhegetﬂs@rmdrmase@hﬁén@s 25
t hat of a nusi cal tone cal cul at ed '

ir o #% gonv Eé¥gﬁ‘%¥e o sanpllng
frequency can be (EASParST W tADL d’e Sra &9 BSi ng noi ses
though it has a sldegieragedegr 3fleeP2 = 1 holdquaﬁlt‘yo point interpolati@pi||
furt fer . wavef of mulaigarea:Adipabé dld % Hee whese! £Ciapaccording 1o the

cal cul at i on node sel ecte user d.t re i n channel
for generating  +REerpo ﬂ‘ﬂ's"gﬁ’ﬁl ig o?fb%flé?eé‘thl ghf ﬁ?ﬁ Ie%ﬁ’t %sdi
frequency,10 poimdydinterpdidian tis pelrifghmedcosucng@s a’r‘malsngwheequency

and having fr equengy coRROREEL Sa Oinds NO341BANM) £401n notse BEnPhECESSEd,
while in a channel for generating musical
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 8152r 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:G, at a step $153. 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 S156. After the above processing has
been executed 128 times, the program returns to the
tone generator processing of Figs. 18A and 18B.

30 In the 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 does not |
contain a fraction part, this inconvenience will not

35 occur,



43 tones at a | ow equival ent sanpling frequency, waveform

data with a |l ow recordi ng sanpling frequency and havi ng frequency
conponents over a narrow band can be processed. This nakes it
unnecessary to change 5 designation of a waveformin the tone col or
data. ~« ° According to the present enbodi nent, when a

cal cul ation node CMp) for calculating a smaller nunber of sanpl es
is selected, if no waveform data having the wavef or m node WM
corresponding to the. selected 10 cal cul ation node CM p) is present,
waveformdata with a wavef orm node WM corresponding to a

cal cul ati on node CMp) different fromthe selected one is sel ected
to generate a nusical tone signal based on the selected
wavef orm data. However, this is not limtatiVe. It 15 may be so
arranged that it is aut oRitFRAIT . d@lgsred-e- if the WwormeAnbr not waveform

data with a wavef ahme&pdeatlon is perForRsfPNEheaddrdsie iseupatedd by

cal cul ati on node % )n $he F. numbeflplg%s%nt aglgldlf no %eit %Id ggp{gsent t he
g y

wavef or m LPF ﬁr O0CEéssin IS au xécuted to 20
prepare wavef or m dawediptaly W% gdeulation at cé!)rsrt@§p§h§7ng In the

sel ected gal cul at itgd s"ed8e P Ra , updated addwesge@an@amla@\almtaaer%aml I's
generated based o vef orm

Further, accordi némtcgat ﬁ§aﬁFé‘§%rRarle{rfb%&l%ﬁgh?re gre wavet%@“\/vg\?'éf‘o?ﬁ R a wWon
(n =1, 2, ...) i saswljescseddviching the addeesavésanpldsPesigoesednigy to

thereby obt ai n vavef Qlddiress of théaidt AR pabd YA apMddud-awetsr egor di ng
sanpl i ng frequencies, but this is not limtative. The waveform

data Won may be sdff) édPPBtapb‘f‘%c]e)s)sPﬁG SERSr OFhahr o the desfgnateds or m
LPF procesei ng. Ravedoxnpkeblelst calstep S158. tDmesdatey dfe ther swor ecor ded

at | ow recording %ﬁﬂ&hﬁ@gare 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 S159.
Then, the contents of the ID register are set into the

15 sample buffer WSD(s) at a step S160. The above
processing is repeatedly executed until the sample
number counter s counts up to 128 at steps S$161 and
S162. After the above processing has been executed 128
times, the program returns to the tone generator

20 processing of Figs. 182 and 18B. )

If CD2 = 2 holds, i.e. if the four-point
interpolation is performed, the address is updated by
adding thé F number FN to an address applied by the
immediately preceding calculation at a step $163. 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



frequencies to directly obtain waveformdata Wbn' and WDn" .

Furthet, -not only the waveform data WDn but al so t he wavef orm dat a
WDn' and WDn" can be stored in the 35 hard di sk 4. Then, the

wavef orm data Wbn' and WDn" can

44  « 7 be directly read out fromthe hard disk 4 into the RAM 6
W t hout executing the waveform LPF processing. Al t hough only
one cal cul ati on node CM p) can be -sel ected for each part according
to the enbodi mrent, 5 this is not limtative. Alternatively, the

cal cul ation node may be automatically changed over a plurality of
channel s whi ch generate nusical tones for the sane part, according
to the volunme, pitch, etc. set for each 56 channel . 10

hext , a second emhafldmil %Egyﬂs Lo ELY 'v@b(‘% /2 p PPe6leS

here| nbel ow. The secon ar ware( I.g. 1) and

basi ¢ nusi cal toneabove Pr°°e§§hé‘5a’t$ n’@eliﬂaé@é’s]éf ﬁg‘eEFT—ﬁd ‘lF)t’s]uthb(eant ially
i denti cal sanigld hsdefl cbtigtét rstcamaedupend, 12 ceptstidiad stifsg 15

contents of controé é)r%)l Si gtgxegﬁéeq?ob‘ye tpt}%chglgig ha ereg{écﬁrgats

of nusical tone con? ata use
those in the firstl2%Hodesmenthe program returns F1|Og§helﬂ9¥’f€ cﬂelf@%w

formats of tone coppbcdliihg of Figs.anghVawefiwsn data stored in the RAM 6
and data stored 20 IP["efterrlng éant.):lljf&)erf‘land 1t8 gggrgeegeeéuattlon o%gl ster
the waveform reading and interpolating processing, a
filter control register CD3 is checked at a step S137
10 in Fig. 18B. If CD3 = 0 holds, digital filter
processing is not executed, followed by the program
. proceeding to a step S140 to execute. volume control and
accumulation 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(128)) at a step S138. On the other
hand, if CD3 = 2 holds, dual-order filter processing -
having a frequency characteristic corresponding to the
20 filter control data is executed on the values of the
sample buffers WB at a step S139. Then, the volume
control and accumulation processing is executed at the

step S140. :
At the step S140, 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
amplitude EG generally generates a moderate curve, and
therefore a 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(1) to OD(128)). The addition is repeatedly

35 executed for each channel having the i-th calculation

30



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 culation node CMp), 25 described with
reference to Fig. 2A, is omtted, are stored. Fi g.
14B shews a format of a sanple buffer WB. Fig. 14E shows a fornmat
of a sanple buffer OB which corresponds to the buffer 0 in Fig. 3.
30 The buffers WB and OB are each provided with a
wavef orm data storage area for 128 nusical tone wavef or m sanpl es
(WsD1 to WsD128 and OD1 to OD128, respectively. The output buffer
OB stores waveform data obtai ned by sequentially addi ng together
musi cal 35 tone waveform data for 32 tsme-generating channels. A

45 - cal cul 4R, 0OlhYRYEY MM LRl hﬁtEQVGéfEE(BE W% musical tone
cal culating 128 sanples for. reproducti on over

correspondi ng to SYSEPEReIRE? %ﬁéﬁ”ﬁﬁ@ﬁﬁé?teﬁnﬁPr L3k theréﬁ@ﬁ??ﬁ@ e sane
cal cul ation for tlstored dtuntB2 Gutput bufifamneBs (i.e. channels currently

used for sounding). rg’g ngbteflgu;iﬁa B S4 q{tesd \g%\r% :‘Ngﬁmdata for

one channel , and t e ou accunul at es
waveform 8ata for Wﬂﬁ?h?ﬁaﬁﬁepoﬁoﬁh#u¥ﬂﬁm$@ﬁéﬁﬁﬂd5}@ﬁ point TIghpgab§est or ed
therein, whenever ddweheay Wagets dlaiimation time point TL has been

reached, termination processing is executed at a step
$143, 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 generated
waveforms are added to data in the output buffer OB. '

If the termination time point has not been

reached, it is determined at a step S142 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 8142 is affirmative (YES), when
the musical tone generation processing has been -
completed for these channels, then the program proceeds
to step S145 et seq. 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 S144, followed by the program
returning to the Step S$133.
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 S145, wherein an effect control
register CD4 is checked. 1If CD4 = 0 holds, effect
imparting is not performed, followed by the program

35 skipping to a step S148. 1If CD4 = 1 holds, low pass



10 for one channel is calculated. |In this connection, the :
time perirod corresponding to one franme is equal to a time interval
bet ween adj acent clock occurrence tine points shown in Fig. 4C
according to the first : enbodi nment. 15 Fig. 14C shows a
format sof the input buffer, which is identical with the format of
the i nput buffer in Fig. 2C, description of which is omtted.

Fig. 14D shows a format of the tone generator regi ster which
corresponds to the tone generator 20 register of Fig. 2D in the first
enbodi nent. The tone generator register of Fig. 14D is different
fromthe tone generator register of Fig. 2Din that it stores a
note nunmber in place of the pitch PS and thecf nunber FN in Fig.

2D, has omtted th refron1 he area for t g cal cul ation node CM p)
in Fig. 2D, and contdiSfs GAnichtagton 1s Perﬁ%ﬁm?§t5P|ﬁgtd%%§ to CDB,
referred to herei nafdgrency componeixsepf ther 2iBesemplae imnehegendpator

register of the piuefer O ® egtﬁéﬁigﬁﬁgmﬁﬁégﬁﬁ hg§n5£0ﬁesygﬁrhf4§ﬂ: of the

first nbodlnent tion thereof 1s

oni tted. fol 1°WedkP§ thy Eﬁ%ﬁﬁa%uPﬁﬁﬁﬁﬁﬂlégoF°tH%eaf?%ﬂmﬁ%ﬁﬁnt of a
control panel viewsicoy &dehbﬂdbheadréiéibeﬁ%ﬂﬂmancalculat1on main routlne

of Fig. 16, referré%%%ﬁ% §§'Eﬁ£&§% réf erberation E Qﬁgrfgg %lﬁ%gg‘ﬂl
di spl ayed on part 0 screen of the dis
so-cal |l ed wi ndow the output buffer OB, at a step S147, followed by the
program proceeding to the step S148.
At 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
S171, 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 period 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 currxently
25 sounded channel nﬁmber display section 39 at a step
S173.

. Fig. 21A shows a program for carryirng 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



46 format. In the control panel view, various display

sectiops -are arranged, including a MDI nonitor 31, an LFO on/ of f

di splay section 33, an interpolation (INT)- setting display section
34, a digital filter (DCF)- 5 setting display section 35, an effect
(EFT) -sefting di spl ay section 36, a sanpling frequency

(GSR) -setting di splay section 37, a nmaxi mum tone-generating channe
nunber (MPF)-setting display section 38, a currently sounded
channel nunber display section 39, a duty ratio 10 di spl ay section 40,
and a sound | evel display section 41. Further, various key

swi tches are arranged, irncluding a cursor (CURSOR) key 42, a val ue
( VALUE) switch 43, a duty ratio (DUTs9 switch 44, and a reset

(RESET) swi tch 453 nor Lon 524 W) afiaded BREKOLEUDE W], 42 ool Bl cates

that the cursor is place ot Or ¥ 31
lights up a I anp locatlonc@f-r ébﬁoh‘fﬁ’ rp/iof fa diveblag hegegtelonviidehthas recei ved

or del i verﬁct atéanLE&éi@NJﬂs@qagng&c@ﬁshIi@,t Ctrwe digital Which
i s displayed by th IECF? on/ ff dasg%]? sec §§ arLs a wavy
effect |1 ke vibrattiTeeTs ST6EiRg) OF 3'Ec?e" i6n bea'é;%nte’f A/ of f

swi t chi ngSof the Lf@tdany lddsplay secttion i36d iouthbyconiray ‘tm ofr sbe 32 on

the displ ay disiSEy Yo E?M ﬁf‘@nslspf h@%oeaaﬁertdf%é%@%tqeﬁratI ng
the value switch 43, Functions ng},a‘l\;f t he ot her |spI ay

sections 34 to 38 TarFhfe Vﬁh“?cﬁﬁat 3 ﬁorresmngﬂ% @ ®nanner as
above. locatikre dfntbepotatenBXetit.engtiiespghty Gxictisosed4and

di spl ays whi ch intéﬁ;ﬁ&éﬁ'éyftﬁétgﬁé $ﬁ?bf¥“ﬁl gg%?cgggtlon 33, theVBh€a

speC|f|caII , When_ the sa reguenc waveformdata In a
wavef or m t'dbl e (co?‘?%sé}forfdfeng}n SrPﬂéatmn’sett%véfﬁ?ﬁ?ﬂaﬁ%c%‘r 3de area of
Fig. 2B in the flrsme data CD3 emboHen@iditdln flineerAbkbtisg sdidrileg accord|ng
to the fy£q c f cal e aensr a
read -address for r eadHrjfg1 o:’r'u‘r’f3 tgﬁg \)/é\gge ga{lt %tc%ﬁghg%ge%g ei fr actl on
part. The interpotisPhiE SaQtiieg aﬁsp¥%®PeCtivelY

Fig. 21B shows a program for carrylng 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 changed

20 according to the changed data duty ratio DR at a step
8175. _

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. 223, 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 ... (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



47 section 34 selects a suitable interpolation nmethod for

obtainjng a sanple corresponding to the fraction part. The

interpol ation-setting display section 34 can sel ect a four-point
interpol ation nmethod using a cubic 5 function, a two-point

i nterpal ati on nethod using a | i near function, and no use of

I nt erpol ati on net hod ‘which is selected for nmusical tones requiring
no . frequency shifting, such as percussion instrunent

tones. 10 The digital filter-setting display section 35
selects as a digital filter, a single-order filter, a dual - or der
filter, or no use of tone color filter. The effect setting
di spl ay section 36 turns on/ of f thesgffect of reverberation or a

| ow pass filter ve- HEHR%O ed setting

di spl ay sections s%ﬁrmlnatl°n {Pﬂg B%ﬁ%%ﬁn@?<ﬁ*“Fh8eféﬂg R i Pr ocessi ng
execut ed bgrnirat@Rly the processing, and A§r ehpesttireocsmsiinang

frequency-setting Qiﬁéﬂﬁﬁkféﬁ (a tlméeﬁéffﬁh5¥%dﬁ%faanESrQﬁﬂfH“EJ‘6%Hé¥ rd
enbodi nent of the invention,” described hereinafter with reference

to Fi gs. PEPCSHREB®B, whi ch changes the equival ent
sanpl i ng forequency (nor naNdst ,48hkhing 1 atondrral iMIsixeauted at a stteme

vaveformdata 1s caigdy at&d echlg BRL'IAI Sl draer pEERELAIH! When 11

is to be set to a OMH reque { rding e enbodi nent,
the sanpling frequ %@n%%ﬁ13“0h that Be°§%$H?¥)§P¥Iaﬁfe£HHl&2 XPBuS ¥eadddi ti on |
to 48 kHz. tone with HiheeXpRilbrioyerganaridledrngushasned twinber -

waveform calculation. Thereafter, three independent

10 output buffers OBO, OBl and OB2 are cleared and a
pointer i indicative of the calculation order is set to
1 at a step S183, followed by execution of steps S184
to S192. The oufput buffers OB0O, OBl and OB2
correspond to the buffers 2, 1 and 0 in Fig. 3,

15 respectively.

First, at the step S184, waveform data

calculation-preparing processing including setting an
address corresponding to the channel i of the tone

. generator register (channel i register) is executed.

20 Then, a sampling frequency control register CD5 is
checked at a step S185 in Fig. 22B. If CDb5 = 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 ai a step
S5188. 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 fof one frame is to be formed with a
guarter of the original degree of accuracy (at a

35 quarter of the equivalent sampling frequency: 32



setting display section 38 is concerned with a fourth 30 enbodi nent of

the inverttion, referred to hereinafter, and di spl ays the maxi num
nunber of tone-generating channels to be used for tone generation
by the software t one generator which can sinultaneously generate

32 - nmusi cal tones at the maxi nrum when the maxi num nunber 35

of nusical tones to be generated at the sane tine is

48 _ linmted below 32 in order to reduce the burden on'the

CPU 1. The maxi mum nunber of tone-generating channels that can be

used for tone generation can be changed - within a range of 1 to 32

by changing the nunerical 5 val ue which is displayed by the nmaxi num
t one- generati ng channel nunber-settigg di splay section 38.

The currently SO“'E‘L%%#@W CabEPSNEardTRes, samples Q{ssl%'a%uisﬁ%&%n@
di spl ays the nunber tone- . generati ng channel's current used for
tone generation, yded to gdaga ipcthemydPrust PHESPELDBE Gtes SGEPeRLBY-

gen_eraged Iby tg@g&%laméeofhm 3RGeEakorcons (l}ereinafter The dgty
rati o display section 4 Lsplays,.t he wy ratio of .capacity, occupie

by the software torneefne.rred to ag Nt a B d §2Pnd TRk 2 csaeﬁa%%tryegfy‘ht he CPU 1.
The 15 5 capaciehanneldiis gepgeately ashalatehfpPp (#0depengrinigepn By

operating the dutypaldaQ pehtCBriusidie WRpes hildbictdRto the chafheihe duty

rati o of the capacity of the CPU 1, which
P whég the cgannea is soé%ded, or alternatively it may be

set as a single value CDS5 for the whole software
generator. .

10 In the latter case, i.e. to set the data CDS5 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 value switch 43 is operated.
Then, according to the answer to the question of the

15 step 8185 which depends upon the single data CDS value,
the program proceeds to one of the steps S186 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 is set for each of
1 to 16 MIDI channels. More specifically, the user
sets the data CD5 to 16 values CD5(1) 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 CD5(i) for the MIDI
channel cor;espoqding to the part £ for which the event

30 is input is set to the tone generator register. That
is, the data CD5(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 CDS5 (1)
is set for each tone-generating channel i, and the

35 steps S186 to S188 following the step S185 are executed



the software tone generator can occupy, can be set, and t he thus

set upper- [imt of the duty ratio is displayed 20 on the duty ratio

di splay section 40 in a dotted line 40b. The tone
generation |l evel display section 41 di spl ays the sound | evel of a
current.ly generated : musi cal tone signal in a bar chart 4la. 25
Next, control processing executed by the nusical t one- gener ati ng
apparatus according to the second enbodi mrent will be described
with reference to Figs. 16 to 20. Fig. 16 shows a
mai n routine executed by the CPU 30 1. Wen the programis triggered,
first, initializations such as presetting of register areas

are executed at a step 8101 and then a viewgi o be di spl ayed on

t he screen shown|d1 S102. ,Furt her,

occurrence of a trleé)ﬁé1 |1rr1‘8 °I§§tgéegg?r§c Dg"ﬁ( )s £0& ?ﬁﬂga?or%{)egpegl%fﬁé gnd

S104. If a channel 1i.

triggering factor occursyeke fRSI&AM Scdtfe MRracteristidsd mﬁJ&1@059r i's
determ ned at a st cuting a carresponding

processi ng. The tie &gtFrCBaeWFﬁb ?%ué?ﬁ°51mfpu§§§ekPEf P ocedki to be 5

execut ed ghen M Ditaiet generatprt procesoindhef mpgs . 22A and 2A¥.ebyat a step
S106, tone generatQd) JUtdcRIS BRebtPEy the steps S186 to S188 depending

on the determination of the step S185, the number of
waveform samples to be generated 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. 1In 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 frequency. The

20 equivalent samp;ing frequency is set according to the
data CD5 to 48 kHz (CD5 = 2), 24 kHz (CD5 ='1), and 12
kHz (CDS = 0).

Referring again to Fig. 22B, it is determined at
a step S189 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
$191 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
$190 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 S184 in Fig. 22A.

35 If the processing has been executed for all the



executed at predetermned tinme intervals corresponding to one frame
at a step S108, other processings to be execut ed when other switch
events occur at a step S110, 10 and term nation processing to be
executed when a termnation comand is input at a step S112. The
term nation processing is for saving set data and faor - clearing
regi sters. .After execution of the term nation - . processing, the view
of Fig. 15 is closed, followed by 15 term nating the program \Wen
the M DI processing has been executed at the step S106, a display
of the M DI nmoni tor 31, corresponding to a channel which has
received the MDI data is lit up at a step S107. The ot her
processi ngs include processings correspondi nggto 20 various panel

i nputtings and co ﬁkefgn“gf RYR tggﬁlqgtlonzfroggger Vmgéenbe descri bed

hereinafter with réferernce xécut1on of the
ot her processings,executed, t@lesBm?r%lhmquﬁr 8€e3spheP coYIbspbedeny to

execution t10é éckl’ﬁ:é?it@elbfptﬁée@@&ﬂ&s uu&ff@&ecsoeglr@to@ﬁaﬂmgall 25
The tone generator roc SSI at .th step %g% qﬁed upon
detection that readtn |ﬁ§ur beds 3 38e§§?h§aéﬁﬂﬁquqP 2§. ‘4C has
advanced t® the neﬁtequency (4~udréplehdwdr issmpdisell by obitasin wettion £
triggered by 128 wééﬁgmqehoislg&é@rﬂa %a%oekstﬂw SbGodd BaleedrOr 30
caused by trigger b% t he DVA control |l er to ener at or
processing will %scr??ﬁﬁ?qrn &QFaF?nVﬁQqF B b °“FB?%r¥Hﬁﬁ? &Bgi gs.

18A, 18B and 19. Dmrg oversampledabioagrenuney nmwei takes om® therber di spl ay

ggoce55|ng ﬂcfggﬁéﬁgzg%“%ggﬁgs§£gﬂggﬁ%%§2§%99t§99% W.dl be described

with refere nection
10 sampling) to obtain data of 128 samples Wthh is added

to the data in the output buffer OB2. 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 contrecller 9 for
reproduction at a step S194. _

By virtue of the above setting of the data CDS5,
the sampling frequency is changed to generate musical
tone waveforms, which makes it possible to generate

20 musical tone waveforms dependiﬁg 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 simultanecusly 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



SO 18A, 18B and 19 are concerned with the second enbodi nent
in whichon/off switching of the LFQ I nterpol ation setting,
digital filter setting, effect - setting can be perforned by -
operating the cursor in the 5 control view on the display 3. On the
ot her hand, Figs. 22A and 22B are concerned with the third

enbodi nent in which sanpling frequency setting can be performed by
operating the cursor in the control view on the display 3. In the
present specification, the 10 fourth enbodi ment will be also briefly
described in whi ch the maxi mum nunber of nusical tones to be

gener ated (nmaxi num nunber of tone-generating channels used for tone
generation) can be set by operating the 64 cursor in the control view

15 Fi e of ) ‘ i
| 9on glbe? s ep%alhug da? el %aq%m%)é‘leghn?efoof htec;}{e()_ceSS| ng

which is one of the processing an . ]
M DI - r ecei vi ng. i nt ¥¢ReFAt D EBeerRgsoto be soundgdy sigulipgpeditehy mherd -

note-on event dat aufigg H9eN 1imited mdkihbi®minder die 1leBpUb £ behdmie 120

First, at a step S120., t he note_nunber, velocity . apd ton unber
for each part in thS FBEeiveq adls reepdtron rdtig (dues plhiel & hE Vel

and t, respectivel §PUahdcan be limitedihe thwe qintralidngvbhe wether afce
time point (data- tone-generG@igVicRENhENE)td oS odticd BIhaMBiSéoudddy Then,

at a 25 step S121, tone geperation-assjignin rocessi, S
performed for determ ni nd& %o §§§%8Fé??nﬁlgﬂéﬁggfo 2 %ifeh the tone
gener at or regi st erefbogindmD)ofi the Whivehtiome In the secohdraodthisdto be

witten, and the agshoafe@NMcribed befofdMAe bt 13718 DATARELEr .
At the followi ng step 30 8122 °Cone ool or é%f%m%b(t) %ead fromthe

: t
RAM 6 - 10 accBRRRRLEY f e GRE AukBebetusef fofofihgaspifuare tone
processed accor di ngeherater nicrassingr ol andevelwnilley capacity o¥Hhe

e oosnzen S FUPH 81 dd AN BASLATGE che cuny AAEET BRI B0 By o T
gener at or rebisterthe 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-—
generating 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
according to the number of tone-generating channels to
be currently sounded simultaneously. That is, in the
note-on event processing at the step S121, the number
of channels to be sounded simultaneously corresponding

35 to the capacity (calculation capacity) of the CPU 1



51 together with the note-on data and the event occurrence

time point TMat a step S123, followed by term nating t he program
Figs. 18A and 18B show a program for carrying 5 out the tone
generator processing triggered at the tinme i nterval s correspondlng
to one f rane. First, at a step S130 in Fig. 18A, a

cal cul ation Is made of a tine point at which the tone generator
processing is to be termnated. The termnation tinme 10 point is
cal cul ated based on the duty ratio of capacity occupi ed by the
software tone generator to the whol e capacity of the CPU 1, and
the processing at the step S130 is to calculate a tine period over
whi ch nusi cal " tone waveform data cames be generated (tone generator

15 processi ngaccoMarrﬁ,f REEhbI g@ééydu fp zfa@ot pRE Q@r@{@t&rta CD6 is

processi ng, waveform dat or one frang
cal cul ated for 32 ERGHHEY, PEWEDEr MuFHHL aFone ass“gn‘ﬂ?%‘ae’t%rerﬁeﬁé‘(ﬂefil ne
period over whi ch #beh Glé cxib@m number ofdme-gdnbast thqpsethnellzeMp

processing is forcggéy%%thle Valug Pgl&gé %e %db‘aé%e the sal ¢l l,b[m%tlon of

t he wavef orm ne processing is errupt ed,
wavef orm data for BBn@f&Mﬂi@l@ @&ﬁﬁé@t%ﬁé gefleggitdngdmusical tones in

the tone generator register is smaller than a value (MP
- 1), an empty channel or empty channels MP are
assiéned 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 assignment is carried out
based on the number of channels currently sounded,

20 which can prevent assignment of tone géneration 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
per channel is changed due' to change of the tone color
or when the data DR or the value CD6 is changed during
performance of music. However, according to the

30 present embodiment, the number of channels to be
sounded simultaneously 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 quick or incessant change in the

- 35 number of channels sounded simultaneously. This method



In such a case, nusical tones fromsuch channels are forcedly

danped, i~.e. the volune | evel of the nusical 25 tone signals is
sharply lowered to stop generation of nmusi cal tones. The
forced-danping tine point TL (time limt) can be cal cul ated by the
fol | owi-ng equation (2): TL = ST + FL x DR -US - AS

... (2) where ST represents a starting tine point of the franme
30 to be currently reproduced, FL one frame tine |length

(length of one frane), DR the duty ratio, US a term nation tine
period (a tinme period required for term nating the processing
(forced danping), and AS a )

52 post - processing tine period (a ti period required for
executing reverberation processing, LPF calculation, etc.. on

gener at ed maveforn%sfﬁ?ta;tW%ﬁﬁﬂﬁv%thfteﬁaﬁﬂ§T§are tone ggngreheh PRServing:

the waveforns for agpooaipplicabley th all typhe OV orentgenlelrat o8 s wniéMereby
conplete the tone are ca?ﬁﬁﬁ§mgfuéqén%ﬁ98eﬁﬁénﬂ;ximu number of chagnglélne
ow [ ong the nu

limt TL thus indicates _ sical tone-generafting
processing for eachochanpepnded simuligpseguedy dafFerf e tofengdréPas or
processi ng for each Although in the above described embodiments, the

on/off setting of the digital filter DCF is carried out
on the whole software tone generator, the on/off-
setting may be carried out on each tone color part
and/or each tone-generating channel. That is, a
10 digital filter-setting regiéter CD3 (1) 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 S137 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 CDl, CD2, etc. may
be presét for each tone color part and/or each tone-
generating 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 ié 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



10 frame should be continued. According to the equation : (2),

out of a:time period fromthe current frane- starting tinme point
(ST) to the current framne- conpleting - time point (ST + FL), a
first tinme period determ ned by the duty ratio is spared for the
tone 1§ - generator processing, and the rest tinme period for

ot her processings by the software tone generator and _ ot her
application processings. The duty ratio DRis set by the duty
ratio switch 44. In the above equation (2), the tine limt is
preci sely cal cul ated by taking 20 the termnation tine period US and
t he post-processing time period AS into consideration, however,

t hese considerations may be omttedg? Next, channel

control is execut eglh‘%gaﬁaa} 3 oﬁhss eed,Sjﬁﬂ)d t-ﬂ%?e?g Qne}E POJ}H is for

setting the uence et ween chan eI s such that
a channel for gene‘t’%‘t‘?rﬁgj‘% %:*rf“@a}ls?énesmqtﬂm*?ﬂgﬁéPcessmg of dficority

(channel for gener@igmpmﬂysmabaten@dwtch cannot be di spensed

with) is earlier subject wavef or, a smce as wll
be |l earned fromthe 30 e& m<—"é’boe sae%](’:?anpﬂe%rtfma\%a\%feigogénk%% WS n for a

channel 5 giereratopweacedvger a$ @a?@ulp&trlféﬁmﬁageadﬁ‘i@hé?c’t only
possibility of beigept Qidﬂé‘éﬁz% haf ek@ehm saea;qraal ghedalso MIDI evEh®s

channel for generatin ne wt means a
channel for genera’f??l‘g ‘i‘?ﬁji tg‘flouﬁ n@" %‘?Stmatq\fﬁ PREECRPENGT %%??nrd’"?/evel or
a channel for geneea¢tt¢ufged 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 latter case, a tone generator section
conventionally formed by an electronic circuit 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 accoiding 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



53 - musi cal tone sounded over a short tinme period. On the

ot her hand, the channel for generating a nusical tone with | owner
priority neans not only a channel which is not currently used for
soundi ng, but also a channel for 5 ~generating a nusical tone with a
| ower solnd | evel . After execution of the channel control, the
out put buffer OB is cleared and a pointer i indicative of the

cal cul ati on sequence is set to 1 at a step S132. Thereafter,
wavef orm data cal cul ati on processing at 10 steps S133 to S144 is
executed for each tone-generating : channel . First, at
the step S133, an address desi gnated by an address pointer in the
RAM 6 is set to an address correspongsng to a channel of the tone

gener at or d%% %# gj s@%b@goﬁé‘e?f 4 q:lerr%qutgf ofal FHl @t i sagdence

to enabl e readlng hanne execut e

wavef or m data cal ctRiEh AFepigarphy b cﬂ:fe%%qtndjype but diffRrfPin doFdheont r ol
flag CDLl i s checkegrade tdf eFifept processidikBénd kheDiaFcdldwwidls ,andut

processing i s exec t ep Th O br £85) ng is for
frequency- y&ﬁgld%dat%?x PERC §1r§ %]ﬁ corr’esgo!r'rl [ n‘g éc:) tcfife not e
number NN2by an Lpﬁﬁmrefnﬂ%e@sieg Wb*%ﬁ@agﬂﬁs’oeé%\ﬁng?lcu:latlon anpyat
frequency of the Li&nisSrddWeir bhbBrtpLodaisd Gi)s tl%n@ecreased, fdaguaney and
one frame has a shprt_t rq:fore one

val ue of LFO frequehcy ecre%sed nu&%ﬁ’ff?% M egﬁg %‘?a e?hleno Q% at o

processing is Sounderctcﬁ}imvé@anehes;)yogrﬁmqﬁf@(;:@edshﬁr@mt heastep S134 to
the step S136. At &&et&ﬁ&@%@aam@xeﬁefmé@%a%u%@m of channeid&o

desi gnat edI wavef orm t abl e and i nt ergol atjon pr ocessi ‘? are

execut ed. be soundeg, sifulEn ?W?Je%ld"?% v SEHPEF pBF &LT iy

processing at the setxnﬁﬂjﬂheMGU4 ratube described in detail with
reference to Fig. 19. In g 20C i £ 1

channel desi gnated by %h%r %ﬁg g%%eejrﬂ?wio %%%%gtgg ?’L?c%%df

(128 sanpl es). th e software tone generator, 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

20 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
for every frame. However, the present invention is
characterized in that a plurality of waveform samples

25 can be generated in the time direction by one tone-
generator processing.



54 First, at a step S150, a sanple nunher counter s is set
to 1. Then, at a step S151, an interpolation nethod is sel ected by
referring to an interpolation nethod register CD2. If CD2 =0

hol ds, no i ' [ performed, such as a case where

per cussi On Immlmummnllmlf tones requiring no pitch conversion are to be
generated. If €D2'= 1 hblds, a two-point interpolation i's
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 del i cate musical tones in which

al i asi ng noi se can be conspi cuous are to be generated.

If no interpolation is perfornmed, the F nummser FN is added to an
address applied byhhbeismaedidelds 15 preceding calculation (in the -
present enbodi nent, an address generated at the end of the waveform
reading in _ the i nmmedi ately preceding frane for the tone-generating
channel for which the cultrem neztihod affi ganesatbiqignusical topesforned), to

t hereby update th%oﬁgggg§ﬁg,at a step 20 S152. A waveformsanple is
read fromthe designated ., . waveformtable according to the updated
address and set foMIF L EH rgesPePepREERY %ﬂeﬁiﬂgrgGB?EFﬁ+%%d area of
t he RAM 6 muaticalstepeflIhsethen, mbhtcebni@d wvaglefolie Riples

regi ster are set i fer a 9 S154. The
above progessi ng igrsétn(r&é%g%tae §°€¥{e(§utpé§§%§%y.&fa?ulﬁgtnﬁ%%t%ﬁe sanpl e nunber
counter s counts up to 1ggPgfformance infpgpatmanmsingittdpgestaptef the above
processi ng has inputtihgepe eEemdrd 1d%okmA€Seont he programreturns to the

a control information-inputting step of

inputting control information depending on an amounf of
10 operation of an operéting element operated by a user;
and

a musical tone waveform sample-generating step '
of generating musical tone waveform samples for each of
said éhannels corresponding to said performance

15 information input within a predetermined time period,
in a number corresponding to said input control_
information, whenever said predetermined time period
elapses; _

said musical tone-generating step generating

20 musical tones, based on said generated musical tone
waveform samples.

2. A method of generating musical tones,
comprising: .

a musical tone-generating step of generating
musical tones, based on musical tone waveform samples

5 generated through 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

10 control information for each of said parts; and

a musical tone waveform sample-generating step

of assigning said input performance information to at



tone generator processing of Figs. 18A and 18B. 30 In the above
processiAg—the-fraction part of - t he address caused by the

fraction t he F nunber FN is neglected, and therefore
al i asi ng Emﬁm generated. However, if the F nunmber FN does
not . ction part, this inconvenience will not 35

occur. 55

If CD2 =1 holds, i.e. if the two-point i nterpol ation is perforned,
the address is updated by addi ng the F nunber FN to an address
applied by the I nmedi ately preceding calculation at a step S157. In
5 this case, the updated address contains an integer part and
a fraction part, and therefore waveform data7®f two sanpl es

sandwi chi ng t he adﬂ%ﬁﬁsp@&@ﬂﬁk6§aﬂ@sémﬁﬁﬁé¥$ bﬁnd generatinq@dédisasaiof the
integer part and atn adgr %6%09};1 Eax%%l?s rtnqliout% %g?d Bgriegg ]i)t) %re read

out fromthe deS|gné}e at "a e data of
the two e ehagnelsi ndar Fgspenss ol sedd base‘d REY ZormENge of

the fraction part11&¥H¥d&ﬂiobesﬁkthnglﬁ@“déhdf%ys%brkggﬁondlng to s¥id D
regi ster preset in the the contents

of the | D egister® %ﬁef%ﬂﬁ?ognFBE?ﬁ@aigg °rsﬁ%ﬁﬁ 8fbﬁ?f%}p%ﬁiis) at a step
S160. The above correspongriogessi sagidsinmpegeadioymereeutefioxmgtjon;he

sanpl e said musical tone-generating step generating
musical tones, based on said generated musical tone
waveform samples.
' 3. A method of generating musical tones,
comprising:
a musical tone—generating step of generating
musical tones, based on musical tone waveform samples;
5 a performance 1nformatlon—1nputt1ng step of
inputting performance information;
a control information-generating step of
generating control information; and
a musical tone waveform sampie—generating'step
10 of carrying out a musical tone-generating calculation
based on waveform data stored in a waveform memory
beforehand, in response to said input performance
information, to thereby generate musical tone waveform
samples at a time density corresponding to said '
15 generated control information;
said musical tone waveform sample-generating
step carrying out said musical tone-generating
calculation by selectively using different data of said
waveform data stored in said waveform memory according
20 to said generated control information, said musical
tone—-generating step generating musical tones, based on
said generated musical tone waveform samples generated
by said musical tone-generating calculation.
4. A method of generating musical tones,
comprising:

a first storing step of storing in memory means



nunber counter s counts up to 128 at steps S161 and S162. After

t he abpve een executed 128 times, the program
returns t erator 20 processing of Figs. 18A and 18B. '
If CD2 = 3mﬂﬂwjmugmuu the four- poi nt interpolation is

per f or red; « 'S updat ed by addi ng the F nunber FN to an
address applied by the : I mredi ately preceding calculation at a step
S163. In 25 this case, the updated address contains an integer part
and a fraction part, and therefore waveform data of four sanples
sandwi chi ng the address (sanpl es desi gnat ed by addresses of the
integer part mnus 1, the integer part, the integer part plus 1,
and the 30 integer part plus 2) are reatt out fromthe designated
waveform table at @ ,$CRavdflrm u¥@ Y 0GeBePRE Phg musical toRkeaponding to
the fraction part on a cubic curve connecting the four sanples is
det er ni ned, and t fRFedetermined spptingy fFEAYENFE  set into the I D register
at a step 35 S166. aTkeppndhst@niMentepobft benvéxiriog Stadd acerset

56 . !nto tk@i&&”@a@egggﬁegaé@%)wa?ef@rﬁt 89t§1§§n l-gbe at a above
processing is repeatedly executed until the sanp‘fe nunber counter s

counts up3to 128 atamildmg Srgauency diffgrens) fgomasr i RERISHSIPENgRocessi ng
has been executed fampling ¥28qhefe$, dMe sVoRGhaNss B8 Whdée fornt RRALRONE

generator sampled at said different sampling frequency in said
memory means as second waveform data; and . :

a musical tone waveform sample-generating step

10 : of generéting musical tone waveform samples, based on
said first waveform data or said second waveform data
stored in said memory means;

said musical tone waveform sample—-generating
step being capable of generating said musical tone

15 waveform samples 'at a plurality of different time
densities, by selecting said Ffirst waveform data or
said second waveform data according to said different
time densities and generating said musical tone
waveform data baséd on the selected first or second

20 waveform data.

5. A method as claimed in claim 4, including a
control information-generating step of generating
control information, and wherein said time densities
are selected according to said generated control

5 information.

6. An apparatus for generating musical tones,
comprising: o

musical tone—generating means for generating
musical tones, based on musical tone waveform samples

5 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

10 calculation of an operating element operated by a user;



processing of Figs. 18A and 18B. Referring again to Fig.

18A, af.ter execution of t he wavef orm readi ng and interpol ati ng
proces§rﬁ§f"___*_*“—fT+Te control register CD3 is checked at a step S137

CD3 = 0 holds, digital filter processi ng
|s not eL“ﬂ u, by t he program proceeding to a step S140
to execut e v0 WTe MC accunul ati on processing. If CD3 =1

hol ds, si ngl e- order fllter processi ng having a frequency 15
characterlstlc corresponding to the filter control data S
executed on the values of the sanple buffers WB (WBD(1) to
WBD(128)) at a step S138. On the other hand, if CD3 = 2 holds,
dual -order filter processing havi ng & frequency characteristic
corresponding to thg420 filter control data is executed on the val ues
of the sanple buffers WB at a step S139. Then, the volune

control and accumul ation PReEeRktRpS wayeéermegampleienerating meang s140.
At the step S140, ‘ekuUgenepatimd musicialegbad, wabeform sunipllesafipki escwm

volume time variatiQn.te nhﬁa#ﬁéig'g%rrespﬁndlnﬁeg {hergﬁ% %ﬁgnkgne

waveformto a tralllng e val ues or -t he
sanpl e buf$ers WB GMSBrmatlon ingut) WhtﬂﬂsDa(E289?teba§éﬁiGﬁmﬁnﬁﬁrtgﬁe

envel ope gener ah%eéE@r@é@&i@&\aehovehwelmtaM&m The 30

anpl i tude EG generall erate noder at.e cur refore
a single EG val ue §§F¥F§8§1?8f %ﬁﬁﬁﬂ%ﬁ% pregetermﬁﬁFd I perids
| evel -control | ed valapsest t he sanple buffers VWB are added to

respective sanples in OUtQHEde$§fﬁéﬁ(g%ne— enerat { (a0 %3%1% The

addition is, repeatedly .35 execut ed fqr, each Channel aV|ng t i-th
calculatioho mu81ca1 tones, based on said generated musical

waveform samples.
7. An apparatus for generating musical tones,
comprising: '
musical tone~generating means for generating
musical tones, based on musical tone waveform samples
5 generated through a plurality of channels;
performance information-inputting means for
inputting performance information for a plurality of
parts; '
control information—setting means for setting
10 control information for each of said parts; and
musical tone waveform sample—generating means
for assigning said input performance information to at
least part of said channels, and for generating musical
tone waveform samples through said at least part of
15 said channels, in response to said input performance
information, at a time density corresponding to said
set control information for each of said parts
corresponding to said input performance information;
said musical tone-generating means'generating
20 . musical tones, based on said generated musical tone
waveform samples. .
8. An apparatus for generating musical tones,
comprising:
musical tone-generating means for generating



57 order, whereby an accumul ated val ue of the nusical tone
maveforn1q§%§;§9_LgL_ggn3LaLed for all the channels is stored in
t he out put buffer Thereafter, it is determned at a step

S141 5 W‘“M“‘W‘the term nation time point TL has been
reached. If\“ time point TL has been reached,

term nation proéessiny i’ éxecuted at a step S143, that is, danped
wavef orms are generated for forcedly danpi ng nusical tone waveforns
for channels 10 for which waveform data have not yet been cal cul ated .
up to the termnation tinme point, and the thus generated

waveforns are added to data in the output buffer OB. If the
term nation time point has not been Zreached, it is determined at a
step S142 whet her rarsinetl tbnes, bddwl pmomesscal tﬁuetuxueﬁamacsbmﬁlégr al |

t he channel s curr I n h h
channel s are provided in t%ggkﬁﬁgéggﬁégg.gg ?39?£§ﬂ€§iég1mé§J§ ?B?

nunber of channel§JuuﬁﬁéﬂﬂlyeﬂﬁéﬁmﬁQﬁetkﬂﬂQrmathHf generation is Iess t han
32 and the ansvver to thec%&trol lﬂt&&ﬁa&@nat;ehéeaﬁi@@ et irpraf firmative

(YES), wh 5& g # Pn generatlon processi ng has been
conpl eted for t hesEtH: ﬁ@ﬁéc PHER t ﬁgﬂfproceeds to step
S145 et seq. On the ot her wandfoih m¢mpnnnﬁqgastorlng waveimmm geter aghdn

processing has not been %@alca&e@loxﬁ@rwa%form sahb1dhee chaingls redhsent |y
i value i1ndicative of

used for tone gen Eatlon o the qﬁi
the cal cul ation or car%ﬁ%&ﬁeﬂ&% %Im%fﬁﬁégptgﬂﬁlge?%TT?hﬁﬁjqﬂ} 8L5PBgr am
returning to the shapediBBwaveform data storedf ihheahusvaed fdmmenegemer at i on

processingghas 30 4 re%ao‘?& C‘Egpgg%,c?dn{ t %lerft)?ﬁaﬁ@@nmférmﬁldnf the

term nation proce55|ng been effecte program proceeds to
t he step S145, whevRe¥ebih Iemezate cBRsie! t°ne wavefapm 3P kSH gts achecked.
If CD4 = 0 holds, effeciensity corréspadding tios saatl genécated,cdmirdoanwed by

the program information;
- said musical tone waveform sample-generating

15 means carrying out said musical tone-generating
calculation by selectively using different data of said
waveform data stored in said waveform memory according
to said generated control information, said musical
tone-generating means generating musical tones, based

20 on said generated musical tone waveform samples
generated by said musical tone-generating calculation.

9. A method of generating musical tones,
comprising:

a performance 1nformatlon—1nputt1ng step of
inputting performance information;

5 a selection information-inputting step of
inputting selection information;

a musical tone waveform—-generating step of
carrying out a musical tone waveform calculation in
response to said input performance inforﬁation, for

10 generating musical tone waveforms; and

a musical tone-generating step of generating
musical tones by sélectively subjecting said generated
musical tone waveforms to a plurality of characteristic
control processings according to said input selection



35 Skl pp| ng to a step S148. |If CD4 = 1 holds, |ow pass
58 . s perforned to cut off hi gh

frequency co 28 sanples in the out put - buffer OB by
a |l ow pass fﬂlﬂ@ ﬂg Ey ep S146, foll owed by the program
proceedi ng to+*t If CD4 = 2 holds, a reverberation

calculation is execut ed to inpart reverberation to the 128 sanpl es
in the output buffer OB, at a step S147, followed by the

program proceeding to the step S148. At the step S148,
reproduction of the waveform 10 data thus prepared and stored in the
out put buffer OB Is reserved by notifying the DVA controller 9 of
t he addresses stored in the RAM 6. 74 Fig. 20 shows -a

program for executimeoika iBH,Y said charad@dd BeanRd GeRebat prosasd Gfs t one

mber di spl 15 at t
nuber OBl 15 nevind SRR, o el RGN Ml cafblifat @ oter
generator or the tameunfendframoeaghootberng by the CPU 1 |s '

calculated. Aratio of thethyspeehel 8iefiaimed in TR BEriQch fPa{L@ by
the CPU 1 to the whole 2 cal gulation tinme period b the sanme is

0
cal cul ated, and 91SPlay hen. 9f GI"EP(‘-J?!Y’r%ﬁ‘ Aok |C§"sdil§[.¥l 2688 S o™ tHPWSU
occupati on ofredlauditsipinayegedtednbyOsaid bars ichdr toaé wawdBprnS5172.

calculation and a number of musical tones generated by

5 said musical tone waveform calculation.

11. A method as claimed in claim 10, wherein
said selection information is information for adding or
omitting at least one characteristic control element
used by said characteristic control processings to

5 - which said generated musical tone waveforms are
subijected,

an amount of calculation by said musical tone
waveform calculation required for generating a musical
tone waveform for one musical tone varying according to

10 said addition or omission of said at least one
characteristic control element.

12. An apparatus for generating musical tones,
comprising: _

performance information—inputting means for
inputting performance information;

5 - selection information-inputting means for
' generating selection information;

o musical tone waveform-calculating means for
carrying out a musical tone waveform calculation in
response to said input performance information, for

10 generating musical tones; and

musical tone waveform-generating means for
generating musical tones by selectively subjecting said
generated musical tone waveforms to a plurality of
characteristic control processings according to said

15 input selection information, said characteristic
control processings having different processing



Then, the n of tone generating channels currently used for
t one generatlon |s the currently 25 sounded channe

nunber dISp| a step S173. Fig. 21A
shows a prog mg out swi tch-on event processing which
i s one,of the ot%eﬂ ] proce55|ngs If the swtch 43 displayed on the
di splay 30 mﬁndom/SO i's depressed, a value of data CDx

corresponding to the current |ocation of the cursor 32 is set
according to an operating anount and direction of the depressed
switch. The data CDx is used in the above descri bed tone generator
processing. 35 According to the present enbodi nent, the cursor
59 32 can be noved by neans of the a@garsor key 42 to any

| ocation of the ngh@gﬂﬂgfaﬂﬁ5a@l@ﬁl§€§éﬁcﬁhéﬁ%t§|F%om each other.

I nt er pol ati on-setting dlgglay sec% gn g the di

filter-setting display sktti éh "$5hognQE t FRASHF mgslcal t%ﬂﬁ%ﬂng di spl ay
section 36 in thecompti®ingi ew of the ) di splay shown in Fig. 15.

According to the Operat'é”berﬁormancgflﬂ SiﬁgﬂfgiJfﬁbhﬁglﬁé sfgﬁf%f

corresponding to the ocation o e cursor , the data CD1
is set and inpHbbiRe RATfAT@aPFe dRFOFTAAYY ay section 33, the data
10 GP2 at the i nterpolpiiten-isat thagroiisidmyipetting Sdep of

inputting limitation information; and

a musical tone waveform-generating step of
carrying out a musical tone waveform calculation in
response -to said input performance information, for

10 - generating musical tone waveforms;

' said musical tone waveform—generating step
generating musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation
thereof limited in range by said limitation

15 information.

14. A method as claimed in claim 13, including
a display step of displaying on display méans an amount
of calculation required by said musical tone waveform
"calculation and a number of musical tones generated by

5 said musical tone waveform calculation

15. An apparatus for generating musical tones,
comprising:

pérformance information-inputting means for
inputting performance information;

5 limitation information-inputting means for
inputting limitation information; and

musical tone waveform—-calculating means for
carrying out a musical tone waveform calculation in'
response to said input performance information, for

10 generating musical tones;

said musical tone waveform-calculating means
generating musical tone waveforms by said musical tone
waveform calculation which has an amount of calculation
thereof limited in range by sgid limitation



the data CD3 at the digital filter-setting display section 35, and

the data-CD4 at the effect-setting di spl ay section 36,
respectively —++g. 21B shows a program for carrying out
duty 15 vent processing. Wen the duty ratio
switch.4'4is ) mg'E’[uta duty ratio DRis changed
according to am operat s nt and direction of the depressed
switch, and the dotted |line 40b of the _ CPU occupation ratio
display section 40 is changed 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
nmusi cal t one-generating apparatus amcording to a third 25

enbodi ment of the jhp¥eRht 98n. First at a step S181 in Fig. 22A a

calculation is made of a %IHE poi at ,Which th tone gener at or
processing is to be ?ﬁ &F. IPRETREITY MU TGl H8%Feint TL i s
determ ned by thecosprdbinbe above menti oned equation 30 (2):

TL = ST + FL x DR - US - Aggrforma?ce lnformgglon 1nputt1ng‘@y%56 §
represents a starting time point frame to be currently

reproduced, FL° oné“PP&ﬁénglﬂﬁrf%ﬁmﬂqu lnfOrmat(*P%ngth of one frane), DR the
duty ratiso, US a a calculation accuracy information-inputting

step of inputting calculation accuracy information; and
a musical tone waveform-generating step of
carrying out a musical tone waveform calculation in
response to said input performance information, for
10 generating musical tone waveforms;
said musical tone waveform-generating step
generating musical tone waveforms by said musical tone
waveform calculation which has calculation accuracy
thereof designated by said input calculation accuracy
15 information.
17. A method as claimed in claim 16, including
a display step of displaying on display means an amount
of calculation required by said musical tone waveform
calculation and a number of musical tones generéted by
5 said musical tone waveform calculation
18. An apparatus for generating musical tones,
comprising:
performance inférmation-inputting means for
inputting performance information;
5 calculation accuracy information4inpﬁtting means
' for inputting calculation accuracy information; and
musical tone waveform-calculating means for
carrying out a musical tone waveform calculation in
response to said input performance information, for
10 generating musical tone waveforms; .
, said musical tone waveform-calculating means
generating musical tone waveforms by said musical tone
waveform calculation which has calculation accuracy

thereof designated By said input calculation accuracy



60 termnation time period (a tlne period required for
term natiron the processing—and AS a post-processing time period (a
time period required to shﬂb to ot her processing). 5

c

Next, chann l“‘m \m’“lu uted at a step S182, for setting the
caIcuIatTonT

channel s such that a channel for
generating a*muéi cél tone with higher priority is earlier subjected
to wavef orm cal cul ati on. Thereafter, three independent 10

output buffers OBO, OB1 and OB2 are cleared and a poi nter i

I ndicative of the calculation order is set to 1 at a step S183,

foll owed by execution of steps S184 to S192. The output buffers
OBO, OBl and 0B2 correspond to the Waffers 2, 1 and 0 in Fig. 3, 15
respectively. information. First, at the step S184, waveform data

cal cul ati on-preparing prpgessjn i ncl d|n setting.an add r ess
corresponding to the chaﬁ% §hlgppﬁﬁe ?cwﬁh genes%tlagnng %?l T Srer

(channel i reglstep%prssem@cuted 20 Then, a sanpling frequency

control register CD5 'S tone—genef&ﬁ@ﬁﬁeﬂnﬂérﬁhéﬂdﬂls@%&@nbnmgiﬁb £2B. | f CD5
= 2 hol ds, ns t hat mavefgrn1data for one frame (128

sanples) isto beSFBFﬁBﬁ Eﬁ??1QQQ?ESFFBFan Y e Gt accur acy
(i.e. at ghe original eqmsitaehttaenpbvaforfiyeneratfingqueasy)fomavef orm

data of 128 sanpl G@nb§a€%§%@§f&1\l tone wav@f@rn?éjd%@skg Qﬁt 8ald -t put
buffer OB2 at a step CD5 1 hol ds, :whi ch nmeans f hat

wavef or m dat a t°ne’g?6?r%ﬁ&9§|%ﬁﬁQrW§t%Eth?Qqn§ﬁﬁjQRFPﬁlﬁal? RS T
ori gi nal ndebeeecodf macixaladypneat tbabé @gdndrae e@iquivaleatesasipl i Ng

30 frequencya,egédsg %gfa efzﬁefe%f Qﬁﬁhdééﬁ?gtiq\éa§%%lrﬁ§t§.§n;

cal cul ated and ad a I'n the output a step
S187. If ©5 = 0 hol ds, GAPEFChefoRidion—generatifg, edPm §8Fa for one

frame is to be fog@mdratifAgacontrol infowaht €6n Ozfndnhﬁtﬁﬁrlegbﬁfah degree: of
accuracy (at a 33,4 JY2LLEE Rl GARLYE! SPLnSAM RYnLLeRYeREY: 32
generated simultaneously by said musical tone waveform—
generating means; '
15 - pefformance information-inputting means for
inputting performanée information; and
control means for converting said input
performance information to said tone-generating
information according to said generated control
20 _ information and writing said tone-generating
information according to said generated control
information into said tone-generating information-
storing'means. '

_ 20. A machine-readable storage medium storing
instructions to cause a machine to perform a method of
generating musical tones, which comprises:

a musical tone-generating step of generating
5 musical tones, based on musical tone waveform samples
generated through a plurality of channels;
a performance information-inputting step of
inputting performance information;
a control information-inputting step of
10 inputting control information depending on an'amount of
' operation of an operating element operated by a user;



61 sanpl es), waveformdata of 32 sanples is cal cul ated and

added to_daLa_Ln*LimL4un$nm_buffer CBO at a step S186. The
of the register reinafte referred to as "the data

CD5") mayl!ﬂlﬁlﬂi"l“ " channel i separately as data CD5(i)

dependi ng |caI part of.nusical tones allotted to the

channel When the channel is sounded, or alternatively it may be

set as a single value CD5 for the whole 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 sanpling frequency-setting display

section 37 in the control view of Fig. 15 and the value swtch 43

i s oper at ed. Then, according to the”answer to the question of the

15 step S185ada ch depends upon the single data CD5 val ue,

the program proceeds 10 gng,gf N6 SERRVEHIN QaRbEE-generat ing! 868" 1Y OU

the correspondi ng processing descri

t he ot her hand, |f°ﬁ|i§n6§?51E£5mP%l%ﬁ# trape pgveformegemp ke ity eéébeﬁﬁlng

on a nusical part fid¢ehagakls correspdrﬂi’i@fg e balgepefeéﬁﬁhnd&e data CD5

is set for each of, 6 chann Nbre C|f|caII t he
Leer ot 198 08D DlangormarsontibBut Syl HBMABER e MPACL AP HeiTon
respective 16 M Diirclramuebsr berm@pmxfm rene@id2input cenprndier, vvhen a
note-on event is iiHRYrra@ iOKECHhENEYEr said preddRbemPRe&Veite PGRASI NG Of

Fig. 17, during Mﬁlflr] : processing into the channel i tone
generator regi st ers-apses: executed at the step S123, the data CD5(i) for
the M DI said musical tone-generating step generating

10 musical tones, based on said generated musical tone

waveform samples.

21. A machine-readable storage medium storing
instructions to cause a machiné to perform a method of
generating musical tones, which comprises:

a musical tone-generating step of generating

5 musical tones, based on musical tone waveform samples
generated through a plurality of éhannels;

a performance information-inputting step of
inputting performance information for a plurality of
parts;

iO a control information-setting step of setting
. control information for each of said parts; and

a musical tone waveform sample—generating step
of assigning said input performance information to at
least part of said channels, and generating musical

15 tone waveform samples through said at leasﬁ part of
said channels, in response to said input performance
information, at a time density corresponding to said
set control information for each of said parts
corresponding to said input performance information;

20 said musical tone-generating step generating
musical tones, based on said generated musical tone
waveform samples.

22. A machine-readable storage medium storing
instructions to cause a machine to perform a method of



channel corresponding to the part t for which the event 30 i's input

s set te mwﬁgister. That I's, the data CD5(i)

set for the part t is set as the data CD5(i) for the assigned

tone-geneE%tJi "m ' TR of the tone generator register. Thus,

the data C J'Hlﬁ I"I""'l et for each tone-generating channel i, and the
g g

35 steps’ Sf86t 0"S188 fol | owing the step S185 are execut ed

62 depending on the data CD5(i) for each tone-generating

channel -i. Next, musical tone characteristics controlled by
the data CD5 will be described hereinbelow. In the 5 t one generator
processi ng of Figs. 22A and 22B, by sel ectively executing the steps
S186 to S188 dependi ng on the deternf’nation of the step S185, the
nunber of asaerBsingsanplesl ttenes, gehdeht eemrrisgdef orm data for

one frame is changed. Thg hasded1 tdhdldRBerafindOstep otRRkRREELAGMPl s for
each channel to be %enerat ed fo the longer a_tine
T

r one frane,
period required fgpsical tonen, hased op H‘éﬁséc?s)rt?rhee HSHS™ STRBLSS S,

there is a cor r @l perbortmeiose dm folreahliobeinwit viange fstlem oéinpl es to
be generaged and tjhe RLQGES EPEofrhéTﬁieO%r 103 mat Roh e 15 present
enbodi nent, the nul%er of %frﬁames to be nrorna ogenerat ed per second is

fixed (48(kHz)/128 - 378@ control information-genérating step of
generating control information; and
| a musical tone waveform sample—generating step
of carrying out a musical tone—-generating operation

10 based on waveform data stored in a waveform memory
beforehand, in response to said input performance
information, to thereby generate musical tone waveform
samples at a time density corresponding to said
generated control information;

15 said musical tone waveform sample—generating
step carrying out said musical tone-genérating
calculation by selectively using different data of said
waveform data stored.in said waveform memory according
to said generated control information, said musical

20 tone—-generating step generating musical tones, based on
said gener;ted musical tone waveform samples generated
by said musical tone-generating calculation.

23. A machine-readable storagé medium storing
instrﬁctions to cause a machine to perform a method of
generating musical tones, which comprises: |

a first storing step of storing in memory means

5 - first waveform data for generating musical tones at a
predetermined sampling frequency;

a second storing step of converting said stored
first waveform data to waveform data sampled at a
sampling frequency different from said predetermined

10 sampling frequency, and storing said waveform data
sampled at said different sampling frequency in said
memory means as second waveform data; and

a musical tone waveform sample-generating step



frames), ant—acecordingly a change in the nunber of sanples to be

gener at ed per frane corresponds to a change in the equival ent
sanpl i ng frB m'm”mﬁﬂm equi val ent sanpling frequency is set
according t ta CD5 to 48 kHz (CD5 = 2), 24 kHz (CD5 = 1),
and 12: ° =*0). Referring again to Fig. 22B,
It is determ ned at a step S189 whether or not the term nation
time point 25 TL has been reached. |If the answer is affirmtive
(YES), term nation processing is executed at a step S191 in a
manner simlar to the second enbodi nent descri bed before.

On the other hand, if the termnation tine p0| nt 30 TL has not been
reached, it is determned at a step 805190 whet her or not the

processing for al loft genehanhed gnusical tonkawapeéerreorpsirdiesd. brseghenanswer

i's negative (NO, shid fJ_rst wa ve SS9 Al @ bra5a§d5§@<£br§1%veff@| lhowgda by the
program retur he step S184 in Fig. 22A | f

the processing ha$*B&& ﬁeﬁ?ﬁ d"$W Va2 Ré
63 . channel s, or shidtmusdcwl |1:@mepmawe§ermgsdrm{sldawneratlng

execut ed, sthe progha BEQESeéépzsk?l@osft %n%]rg%an&hgéﬁi r}nus1ca1 tohfi€ contents

of the output buffer O are oversanpl € frequency four tines
of the equival ent W?é’ﬁﬁPingSBmples ay raeéﬂé’ﬁéy}lfx ﬂﬁl‘?’r%ﬁeered\}:ertlg‘ﬁnpl ing) to

obt ai n data of densities, by selecting said first waveform data or
said second waveform data according to said different
time densities and generating said musical tone
10 waveform data based on the selected first or second
waveform data. '

24, A machine-readable storage medium storing
instructions to cause a machine to perform a method of
generating musical tones, which comprises: _

a performance information-inputting step of

5 inputting performance information; '

a selection information-inputting step of
inputting selection information; .

a musical tone waveform-generating step of
carrying out a musical tone waveform calculation in

10 response to said input performance information, for
generating musical-fone waveforms; and
. a musical tone-generating step of generating
musical tones by selectively subjecting said generated
musical tone waveforms to a plurality of characteristic
15 control processings according to said input selection
' information, said characteristic control processings
having different processing contents and calculation
amounts from each other,.

25. A machine-readable storage medium storing
instructions to cause a machine to perform a method of
generating musical tones, which comprises: '

a performance 4information-inputting step of

5 inputting performance information;

a limitation information-inputting step of



128 sanpl es which is added to data in the output buffer 0oB2.
Furt her, "the contents—of Luc-output buffer OBl are oversanpled at a

frequency t equi val ent sanpling frequency
(2-mul tipl ennmy"ﬁmi, H Ilng) to obtain data of 128 sanples which is
added : t he out put buffer OB2. 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 DVA
controller 9 for reproduction at a step S194. By
virtue of the above setting of the data CD5, t he sanpling frequency
i s changed to generate nusi cal t one #avef orms, which makes it
possi bl e t o gener dinpu2@ing 1imnmém%dn1mnmermaveémrnnudepend|ng on the
capacity of the acﬁhéical tone waveform-— %anﬁhﬁxk?%&%g S%bOd'nEnt

t he maxi mum nunber of t one- generatlng 0 be sounded
sinul taneously  carryingyophea Jpgifle tOgReHEREPHY (T2 I YatdrPednt o 32 or
| ess 25 as daiea;pGla@ebebogeb@nrhplﬁndetrlﬁerhehae Nid f g iQ0g S FoBg

at the step S141 in Fi 118Bn | ted results of a
det er mi nabi on as t%?qﬁ#%F 318% 2%grlsa%imber of currently sounded

tone-generating channelssald muslC#&uﬁQﬂ@a@ﬁﬁdfPﬁ@‘?¢¢ﬁ§Qﬁ#ﬂﬁnﬁt#9n1nunber
That is, 30 GGt Gt augh@ai ) vaRrRedrRBNby 41 daisA cal) tone

i ndi cative of the maxi n1nu?b qgcgegeratldg Sﬁﬁﬁrgls to be
sounded si nul t aned{iSFIE §8 B;a?+ﬂp w s, a8, dheuet, 05 6h

t one- gener ati ng chHammsofmdrdinéted in range dgt shad Yimptagisection 38 in Fig.

15, and tq%n the 3§ formaty@htWare tone generator generates nusical tones
based

26. A machine-readable medium storing commands
for carrying out a musical tone—generating method,
comprising:

a performance information-inputting step of

5 inputting performance information;

a calculation accuracy information-inputting
step of inputting calculation accuracy information; and

a musical tone waveform—-generating step of
carrying out a musical tone waveform calculation in

10 response to said input performance information, for
generating musical tone waveforms;
said musical tone waveform—generating steﬁ
generating musical tone waveforms by said musical tone
waveform calculation which has calculation accuracy
15 thereof designated by said input calculation accuracy

information.



64 " on the data CD6 val ue as the maxi num nunber of tone-

generating channel s t-o be sounded sinmul taneously, i.e. usi ng the
i mtéd maxi num nunber or |ess of channels. ~ In this case, the
occupation ratio (duty ratio) of the 5 CPU 1 can be limted by thus
control 1ing the nunber of t one-generating channels to be sounded
si mul t aneousl y. Next, .description will nmade of a fifth
embodi ment of the invention. In the second and third enbodi nent s
descri bed before, the upper limt of theg 10 capacity of the CPU 1 to
be used for the software tone generator processing out of the
whol e capacity of the CPU 1 is controlled based on the duty ratio
DR set by  MySICAIl MONFGENERATING MEBTHODhAND MUSISAL ﬁ@%qui’n%
enbodi nent descri bed above, the mP8ARAEUSUnbDer of tone- 15 generating
channel s to be sounded by the software toone generator is limted
to the value CD6 set by the user. ' In each of the enbodi nents, the
nunber of tone- generating channel s sounded by the software tone
generator is changed. However K ABSERRGBEB THE P ISeLOFURBQ only inside
t he tone generator processing for generating waveforns at the step
S108, but not effectivel agglied to rocessinﬂ ot her, th?n t he

t one gener at of ﬁ?BE@gsPﬂé,a b3ratyst ARTt BRBSHRRAPE: PBRICS

assi gni ng procegsheg ékenprgelaéatingushaametoaés are gesegatedtbased
processi ng) . ording t r odji en

not e- 8h Qvgﬁfa&r888§s Vefgggxg%h Sg ﬁ%ﬁ@%gﬁ%ﬁgg%SEQ%h ¥

whi ch can changelulelhtyberf ohanoaéSQenedapBHQOQMQnﬁGIsnformatlontésbe
sounded si wlta@ﬁ@ﬁ%‘% ¢bhe -baNEngBRAERLORATI I inpue_EapeARl gSEhoBRENt At

the step S121 i S Chan according to the nu
t one- generatlnga@ﬁ§nﬁep§ pperation ofpancgPeEALINIs SIFTED s CREFELFEEY v .

That is, in theg yser. Mﬁ%tl%aqnt@w%nha%mws@@pabst heeSigemeTh2ed t he
nunber of channels to bg ounded S|nultaneous%y gg{respondlng 35

to the capacity ¥¥al®@@"a %o “t“;‘?)lsoFotrﬁ(? SERg Yt ng

performance 1nformat10n input within a predetermined
time period, in a number corresponding to the input
control information, whenever the predetermined time
period elapses. Musical tones are generated based on

the génerated musical tone waveform samples.

Figure 1



65 according to the data,dﬁfy ratio DR, or the data CD6 is

recei ved,” and the nusical tone assignnent is executed. with the
maxi mum nunber of tone-generating channels M set by the val ue of
the received data. |If the nunber 5 PN of channels currently

gener ati Ag nusical tones in the tone generator register is smaller
than a value (MW - 1), an enpty channel or enpty channels MP are
assigned to.tone generation, i.e. set gf@xgenerate nmusi cal tones. On
t he other hand, if the channel 10 nunber PN is |larger than the val ue
(MP - 1), a channel or channel s correspondi ng i n nunber to a nunber
(PN - MP .+ 1) which exceeds the value (MP - 1) are set as a

channel or channels to be subjected t one generation- decayi ng,
and a command to stop tone generatjon \s 15 i ssued to the channel or
channel s, and at the sane tine

single enpty channel is preserved
as a channel afsigael to tjone|gener pi=mes=y According to the
processi ng, the nusical Eérﬂ hsei_gnnment i s car&éed out based on
t he nunmber of channel s ¢@drieEn IV'soundemL_Jul < ich can prevent
assi gnment of tone gerel @ién to tdo weEny} channel s whi ch causes
noi ses or assi gnment of Br® geQSLﬁiio too few channel s which
causes unsatisfac*gry use [of tlhe tong: erating capacity of
the tone generator. The nupber of chanrels t%ﬁggﬁn :
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25 sounded si nul taneously quickly or incessantly changes W th
the | apse of tinme when the anount of processing per channel is
changéd due to change of the tone col or or when the data DR or the
val ue CD6 is changed during ' per f ormance of music. However,
according to the 30 present enbodi nent, the nunber of channels to be
sounded si nul taneously by the tone generator is obt ai ned when the
musi cal tone assignment is executed 2 upon inputting of a note-on
event, etc., to enable coping\ﬁﬁﬁlsuch a qui ck or incessant
change in the 35 nunber of channel s sounded S|nultaneously Thi s

met hod ' S

not limtative to the soft generator but o applicable

to all types of tone generj?gﬁéi are cl%l!ﬁhzzl?changlng t he

maxi mum numnber of chanRRhRIE CO%PR@AW soundedygA CF@WLQMNCCOI‘dI ng
t

to conditions. hough I n the above scri bed enbodi nent s,

t he on/off setting of the dlgltal filter & ried out
on the whol e soffk w tqne_generataor the on/off- >etting may be
carried out on epch |:?1one (W‘F(VEFORM- ahd/ qr AA@? top e§- enerating
channel. That is tiqg Tegrsre 3(i) may be
preset fo?,[igch qf g@g@%-rlrt%gﬁgg and/jor - gerer ating
channel s, and the ony of f e bof the digital flilt
' : LFO CONTROL OD j

FEG CONTROL OD wD2'

AEG CONTROL OD '

OTHER OD WD3

PD16 CM(2) ' WD2"
WD1' /gOWN-
SAMPLING

FIG.2C FIG.2D
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EVENT NO. 1DATA fch L1sp
o1 | |CONTENT o | |FN
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2 |\TIME LFO.CONTROL D
D3 FEG CONTROL D
AEG CONTROL D
- NOTE-ON EVENT
™
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32ch
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DCF may be effected in each setting node of the tone
and/or the tone-generating channel. In the 15 af oredescri bed tone
generator processing of Figs. 18A and 18B, the determ nation at
the step S137 is carried out for each tone-generating channel, to
t hereby 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 CDl1, CD2, etc. nmay be preset
for each tone color part and/or each tofg generati ng channel,
simlarly. To generate rhythm c tones, pitch conversion is
general |y unnecessary, and therefore the data CD2 is 25 set to 0 (no

col or part

interpolation). To tune nusical tones for ot her nusi ca

i nstrunents, however, the data CD2 may be set to 1 to control the
pitch. In the above ﬂiflksaﬁﬂ enbodi nents, the MD

event processing i s not considered i n&c i«ig out the 30 duty ratio

{ RESERVATION
FOR REPRODUCTION

control calculation. The duty ratio control cal cul ati on may,
however, take the M DI even processing into consideration as one
gsgpg;égi‘ O?f}gc?jlr:’bi Sg\/\glrjtealgﬁi:-ﬁeonunbeﬁ tB;Pp:p%:\'\qr © tggeBgL‘E??cﬁt?;i. cal tones
gt70ne-generg%;ggecggngehis)ghs ‘alleed, and theﬁQBr e,| for «aaS\$D1
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wat chi ng by the user, snoothing processing of the di spl ay may be

carried out. ‘It may be so arranged that the software tone 5
generator receives, as-input performance data, not only M DI data
from an external ‘device but also MD events reproduced t hrough an
aut omat.i ¢ perfornmance program executed by the conputer per se as
wel | as tone- generating instructions generated through gane 10
software, etc. The software tone generator according to the
invention may be inplenmented, as descri before, by a gener al
pur pose conputer in which an operating em (0OS) such as W ndows
(Regi stered Trademark) is 15 installed. But, this is not limtative.
The software tone generator may be inplenmented by a control CPU
provided in an electronic mnusical instrument with perf or mance
operating el enments such as a keyboard or a t ohe generator nodul e
with no performance operat+ ngl20 el enent . hell atfer case, a tone
generator section W copventional ly forned an{elegtronic circuit
may be . reduced o oniltt ed. Al ternagjvely,/ a hgrdware tone
generator section and thetsoffware tone gen€g may be both
enpl oyed. 25 gn thhe effect controlf ac¢ording tp the above
descri bed enbodi nents, oné of {no-effect-executi processing, | ow
pass filter processing and t hd reyerh Lon- ing is
sel ected based on the val ue of the data CD4./lIn her words, two
different types 30 . of efflects, i.e. thelo filg r processing and
reverberation processing can Qe sel ectivel ylllnpartéd tgii= wavef or m
data. Selection of the two tygdes of effects cPpO¢ regarded as
selection of different calcul gtion anpunt|s re d for the
processi ng. O her enbodi nents |35 of effegﬁ sgl ecti re possible.
For exanple, the Lo
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68 user may select one of a plurality of effect prograns

which aré the same in effect type but different in the gr ade of

ef fect processing and the cal cul ati on anmount required for
processing. That is, if the grade of 5 effect processing is

I ncreased, the cal cul ati on anmount required for other processings is
decreased, resulting I n a decreased nunber of tone-generating
channel s to be sounded si nul taneously. Therefore, the user may
control the bal ance between the nunberspjizchannels to 10 be sounded
simul t aneously 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 tine
correl ati ons between franme 15 size, inputting of perfornmance data,

wavef or m al cul ati on, eproduci ng of waveform
data are not FJGdSby t he f{ glMAINFBOlthNEI e,) the timng of the
per formance data I nputting, | cul ati on, and readi ng and

reproduci ng of waveform 9 to the .i‘rarre may be
differently set. Besi diNITIA qu Nge kine length of one frame is
fixed I n the above , It may be variable

for every frame. Howevef —tie presemt*invention is characteri zed
can be gener gt ed in the
Y&Sessi ng

inthat a plurality of wgpeform sa :
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69 What is clained is: 1. A nmethod of generating
musi cal tones, conpri si ng: a nusi cal tone-generating
step of generating nmusi cal tones, based on nusical tone waveform
sanples 5 generated through a plurality of channels; a
performahce information-inputting step of | nputting performance

I nformati on; _ a control information-inputting step of

i nputting control information depending on an anmount of 10 operation
of an operating el enent operated by a 6795 and a
nmusi cal tone waveform sanpl e- generating step. of generating nusica
tone waveform sanples for each of sai d channel s corresponding to
sai d performance 15 information input within a predetermned tine

peri od, _ i n a nunber corresponding to said input control

I nformati on, whenever said predeterm ned tinme period el apses;

sai d nusical tone-generating step genejﬁqug;go musi cal tones, based
on sai d-generated nusical tone for m sanpl es.
2. A nethod of generating nusical tones, conpri si ng:

a nusi cal tone-generating step of ' . sical tones, based
on nusical tone waveform sanpl es NOTE-ON EVENT - - '
_ PROCESSING
$21~ —STOREPITCHPARTNO &

OCCURRENCE TIME POINT IN
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Y
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SELECT WAVEFORM CORRES.
TO CMsg) FROM WAVEFORM

DATA WITH WN(p), AND
SET READ ADDRESS TO ich

¥

PROCESS TONE COLOR DATA
INDICATED BY TC(p),
BASED ON SP & CM(p)

T ,
WRITE NOTE-ON |

S22 —

S23 —

S24 -

325-j~
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5 generated through a plurality of channels; a

performance i nformation-inputting step of | nputting performnce
information for a plurality of parts, a contro

i nformati on-setting step of setting 10 control information for each of
said part’s; and a musi cal tone waveform sanpl e-generating
step of assigning said input performance information to at

70 | east part of said channels, and generating nusical t one
wavef orm sanpl es through said at | east p#R2 of said channels, in
response to said input perfornmance information, at a tine density
corresponding to said 5 set control information for each of said

parts corresponding to said |nput per formance i nformation;

sai d nusical tone-generating step g RT‘gl'ONE CO‘_(DRI | tones, based
on sai d generated tone maﬁg Etﬂ; es.
AN :

A net hod of generating nu3|cal t one

musi cal tone-generating stepggf-generating musical._tones, based on

musi cal tone wavef orm sanpl es; STORE PABTFNG dNpr&e

i nformation-inputting step of TT)NFFBEHJDthﬂyrWWWWF@QE i nformation
tep o '

a control information-generating
7
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generating control information; and a nusi cal tone waveform

sanpl e-generating step 10 of carrying out a nusical tone-generating
cal cul ati on based on waveform data stored in a waveform nenory
bef orehand, in response to said input perfornance information, to
t her eby. generate nusical tone waveform sarrpl es at a tine den5| ty
corresponding to said 15 generated control information;
sai d musi cal tone wavef orm sanpl e- generati ng step carrying out
sai d nusi cal tone-generating cagpap ation by-selectively using
different data of said waveform data stored in said waveform
menory according 20 to said generated control information, said
nmusi cal t one-generating step generating nusical tones, based on
sai d generated nusical tone waveform sanpl es generat ed by said
nmusi cal tone-generating cal cul ation. ' 4. A met hod of
generating nusical tone KSi ng: a first
storing step of storlng ' %Eg ?
71 first wavef V’gﬁ( z i ng nusi cal tl-g!egalla
pr edet er m ned sa _Qg a second storing step of
converting said stor DESIGNATE/\/ave ormdata to waveform data sanpl ed
at a WAVEFORM TO BE
PROCESSED &
PROCESSING
CONTENTS
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5 sanpling frequency different fromsaid predeferninéd

sanpl i ng-frequency,

wavef orm dat a; and
step 10 *

said nenory neans,
sanpl e- generati ng
tone 15

densities,

generating said
first or second

and storing said waveform dat a
di fferent sanpling frequency in said

of generating nusica
said first waveform data or said second wavef orm dat a

step being

wavef orm sanpl es at a plurality of different tine
by selecting said first waveform data or
wavef or m dat a according to said different

_Itzli wavef orm data based on the sel ected
f orm dat a. 5. A nethod as

sanpl ed at said
menory neans as second

a nusi cal tone waveform sanpl e-generating
tone wavef orm sanpl es, based on
stored in

sai d nusical tone waveform
| e of generating said nusical

sai d second
time densities and

clainmed in claim 4, |nclud|ng a control information-generating
step of generating contr T time
densities WAVE&F@HM(NAME,cor ding to sai\d 5

i nformati on. PIANOO 6. Ap apparatus for t ones,
conpri si ng: S (»nu5|cal t one- generat Amg neans for generating
musi cal tones, based on nusf cal ne waveform sa gener at ed

through a plurality of channels;

information-inputting neans for
control

el enent operated by a user;
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72 and nmusi cal tone waveform sanpl e- generati ng neans
‘for generating nusical tone waveform sanples for each of said
channel s corresponding to said performance 5 i nformation input
within a predetermined tinme period, _ i n a nunber corresponding to
sai d input control i nformati on, whenever said predetermned tine
period” el apses; sai d nusi cal tone-generating neans
generating 10 musi cal tones, based on said generated nusical tone
wavef or m sanpl es. 7. A@o@@@aratus for generating nusica

t ones, conpri si ng: . nusical tone-generating neans
for generating musi cal tones, based on nusical tone waveform

sanples 5° generated through ﬁﬁ i f channel s; _
performance information-inputting riéo é [ nputti ng perfornmance

information for a plurality of parts; control
I nformati on-setting neans for setting 10 control information for each
of said parts; and qusi cal tone wavef orm sanpl e- gener ati ng

means f orf TOMNE GENMERATORNuUt performance information to at
| east part of sai AchBROCESSING orfgenerating nusical t one
wavef orm sanpl es through sayd at | east part of 15 said channels, in

‘response to said iinpuCHECK TONE +_r381| nformation, at a time density
r

correspondi ng to 4ai dGENERATOR c ol information for each of said

parts confrespREGISTEERsai d § nput perfornmance i nformati on;
sai d nusical tone- eratt g neans. generating 20 musi cal tones, based
on sai d generated rl&lEiF T(Esvvavef or m sanpl es.
8. An apparatus fq ones conpri si ng:
N s _comricis
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musi cal tone-generating neans for generating

73 . nusical tones, based on nusical tone waveform sanpl es;
performance i nfornmation-inputting neans for i nputting performance
i nf or mati on; control information-generating neans for 5
generating control information; a waveform nmenory for
storing waveform data; and nmusi cal tone waveform
sanpl e- gener ati ng neans for cargyymg out a mnusical tone-generating
cal cul ati on based on waveform data stored in said waveform nmenory,
10 . I'n response to said input performance information, to
t hereby generate nusical tone wavefor | e t a time density
corresponding to said generated cohtﬂghaiiﬁlfilfinfornation;
sai d nusical tone waveform sanpl e-generating-15 means carrying out
sai d nusi cal tone-generating cal cul ation by selectively using
different data of said wavef or m da tored in said waveform nenory
accordi.ng to said generated cont rf ormation, said nusical
t one- generating nmeans generating nusical tow€s, based 20 on said
generated nusi cal tone waveform sanpl es ‘5 -gererateg-by—satd—misi cal
t one-generating cal cul ati on. - g A d generati ng
musi cal tones, conpr:m CM(i) 731\0,— 2 _
: |
4t st
GENERATE MUSICAL
TONE DATA FOR
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a performance information-inputting step of | nputting performance

informati on; 5 a selection information-inputting step of
i nputti‘ng sel ecti on i nf or mat-i on; : a nusi cal tone
wavef orm generating step of carrying out a nusical tone waveform
calculation in response to said input performance information, for
10 generating nusical tone waveforns; and . a nusica
t one-generating step of generating 2 husical tones by selectively
subj ecting said generated nu3|ca? tone waveforns to a plurality of
characteristic control processings according to said input
sel ection ' 74
i nformation, said characteristic control processings havi ng
di fferent proceSS|ng contents and cal cul ation amounts from each
ot her. 10. A nmethod as clainmed in claim9, including a
di splay step.of displ spl ay rrear‘ﬁzeg;aw
cal cul ation requi re&NE/éI Ny cal t o) FI £4ann and
a nunber of nusical O4&BRAdAby 5 BUFEER Wi ¢ ﬁég%l&\:ef orm
cal cul ation. 11. A nethod as clained in erein
sai d select'o&abq o nation Is information fdr adding ér ting at
| east one cha Eﬁiéﬁ elenent WSDded | by #aid])1
characteri sfic cont h@
PD2 DESIGNATING DATA WSD2 OoD2

(WN(2)) .
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5 whi ch sai d generated nusical tone waveforns are subj ect ed,
an anount> of cal cul ation by said nusical tone waveform cal cul ati on
requi red for generating a nusical t one waveform for- one nusi cal
tone varying according to 10 said addition or omi ssion of said at

| east oné ' characteristic control elenent. ' 12. An
apparatus for generating nusical tones, conpri si ng:

per formance information-inputting nmeans for i nputting performance
information; 5 sel ection 13)y2@ mation-inputting neans for
generating selection information; nmusi cal tone

wavef orm cal cul ati ng neans for carrying out” a nusical tone

wavef orm cal cul ation in response to said input perfornmance
information, for 10 generating mnusical tones; and '

nusi cal tone waveform generating neans for generating nusica
tones by sel ectively subjecting said gener ated nusi cal tone
waveforms to a plurality of — cf¥racteristic control processings
according to said 15 i nput. sel¥ctidn information, said characteristic
control processings having different\ prbcessing :

75 contents and cal cul ptTonfanpunts from each ot hgr
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13. A nethod of generating nusical tones, conpri si ng:

a perforimance information-inputting step of | nputting performnce
i nforimation; 5 alimtation information-inputting step of
inputting limtation information; and a nusical tone

wavef or m generating step of carrying out a mnusical tone waveform
calculation in response to said input performance information, for
10 generating musical tone waveforns; - - sai d nusical
tone waveform generating step 144®rating nusi cal tone waveforns by
sai d nusical tone wavef orm cal cul ati on which has an anmount of

cal cul ation thereof limted in range by said limtation 15

i nformati on. ' 14. A method as clained in claim 13, including
a display step of displaying on display neans an anount of

cal cul ation required by said nusical tone waveform -~ - cal cul ati on and

a nunber of nusical tones generated !ﬁ‘ulq sai d nusi cal tone waveform
cal cul ation 15. An pars or generating nusical tones,

conpri sing: , per f tn-i nputting neans for
i nputting performance i nformati On; MAIN ROUTINE imtation '
I nformation-inputting neans for WETTREE limtation informtion;

and musi cal .ton hng nmeans for :
carrying out a nusical tone wav f?NTTW'.%ﬂONSi S101 response to
sai d i nput performance informatiQQ._10Or gdner ati ng nusi cal tones;
sai d nusical tone waveform cal cul ating _nsans Wati ng nusi cal

t one waveforns by said nusical f{ m cal cul ati on whi ch has
an anmount of cal cul ation V@%PE@’AW@W{:MW by said

[imtation

\
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76 i nformation. . | 16. A rret hod of gener at| ng nusi cal

t ones, : conpri si ng: _ a performnce

i nfornmation-inputting step of i nputting performance information; 5
a calculation accuracy information-inputting - . step of inputting

cal cul ati'on accuracy information; and a nusi cal tone

wavef orm generating step of carrying out a nusical tone waveform
calculation in response to said input performance information, for
10 generating nusical tone wavef dS/2 sai d nusi ca
tone waveform generating step generating nusi cal tone waveforns by
sai d ‘nusi cal tone wavef orm cal cul ati on whi ch has cal cul ati on
accuracy t hereof designated by said input cal culation accuracy 15
i nfornmati on. 17. A method as clained.in claim 16, including
a display step of displaying on display neans an anount of

cal cul ation required by said nusical EGNT7T orm cal cul ati on and
a nunber of nusical tones generated sai d nusi cal tone waveform

cal cul ation 18. An —ggnerating nusical tones,
conpri si ng: per f @i i nputting neans for
i nputting performance informati of cal cul ati.on accuracy

i nformation-inputting neans. ul ati on accuracy

i nformation; and WNS-‘-F@TEWEJMBE# 120 ng neans
for carrying out a pusi caNEp#e\V/EROCHTYY cal cu-ation in
response to said input perfofmnce{+ATONBICOLORor 10 generating

musi cal tone wavef orms; FOR EACH PART _
TM+DATA-RECEIVING TIME

!
EXECUTE TONE |y S12
GENERATION-ASSIGNING
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sai d nusi cal tone waveformcal cul ati ng neans generating nusica
tone waveforns by said nusical tone - wavef orm cal cul ati on whi ch has
cal culation accuracy t her eof designated by said input calculation
accuracy 77

i nf or mat ion. 19. An apparatus for generating nusical tones,
.conpri sing tone-generating information-storing neans for
storing tone-generating information; 5 nmusi cal tone

wavef or m generati ng nmeans for gepapati ng nusi cal tone wavef orns,
based on said stored tone-generating information, and for changing
a maxi num nunber of nusical tones to be generated sinultaneously
based on said stored tone-generating information; 10 contro

i nf or mati on-generating neans for generating control information

I ndi cative of a current vaI‘EﬂlgagabaggPX|nun1nunber of nusica
tones to be generated sinult sai d nusical tone waveform
generati ng neans; 15 performance information-inputting nmeans
for inputting perfornance_inforne .. and control -
nmeans for converting sai¢ i NN EGENER 3 Rnce information to said

t one- generating _ iNgf_or byl h sai d generated control
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20 ~information and witing said tone-generating - I nformation

according to said generated control I nformation into said .

t one- generating i nformati on- : storing neans. 20. A
machi ne-readabl e storage nmedi um storing instructions to cause a
machi ne fo performa nethod of generating mnusical tones, which
conpri ses: a nusi cal tone-generating step of generating 5
nmusi cal tones, based on nusical tone waveform sanples - gener at ed
through a plurality of channels; 17/22 a performance _

I nformation-inputting step of I nputting performance information
a control information-inputting step of 10 | nputting control

i nformati on dependi ng on an anount of operation of an operating
el ement operated by a user;

78 and a mnusi ' ef or m sanpl e- generati ng
step of generating nusical tEnl(&gm sanpl es for each of

sai d channel s corresponding to said performance 5 i nformation input
within a predetermned tine period, - i n a nunber corresponding to

n, whenever said predeterm ned tine
sai d nusical tone-generating step

sai d i nput contrql I nf or mat
peri od (Ei)pses;
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10 nmusi cal tones,
wavef or msanpl es.
storing .
generating nusical tones, which conprises:
tone-genérating step of generating 5

tone waveform sanples
a performance information-inputting step of
information for a plurality of ig8paets; 10

I nformati on-setting step of setting control
of said parts; and
sanpl e-generating step
information to at

musi cal 15

sai d channel sEI&s@g
at a tinme density correspondi ng

based on said generated nusica

ef or m sanpl-e

se to saj dA“hl!
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79 generati ng nusical tones, which conprises: a
musi cal tone-generating step of generating nmusi cal tones, based on
nmusi ca# tone waveform sanpl es; ' a perfornmance
information-inputting step of 5 i nputting perfornmance |nfornat|on

a control information-generating step of - generating control

i nformation; and a nusi cal tone waveform sanpl e-generati ng
step- of carrying out a nusical tone-generating operation 10

based on waveformdata stored in a wa&/&2n nenory bef or ehand, in
response to said i nput perfornmance information, to thereby generate
nmusi cal tone waveform sanples at a tine density corresponding to
sai d generated control information; 15 sai d nusica

t one wavef orm sanpl e- generati ng step carrying out said nusical

t one- generating cal cul ation by selectively using different data of
sai d waveform data stored i Wlﬁ mef orm nmenory accordi ng

to said generated control informati ok Je sical 20 t one- generati ng
step generating musical tones, based on sai d generated nusica

t one wavef orm sanpl es gener at ed P D|S%LAM d i cal tone-generating
cal cul ati on. _ _ 23. st orage nedi um st ori ng
instructions to cause a machine to performa nethod of generati ng
nmusi cal tones, which conprises: a first storing step of

storing in nenory nmeans 5 e f en ITUSI cal
t ones gt a y or edet =r%h§c}"s‘%’%§‘ Igs?%w@b 81719

second storing step of conyertin fifrst vvaveformdata
different from
said waveform
y in said
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80 of generating nusical tone waveform sanpl es, based on

isaid first waveformdata or said second waveform data stored in
"said nenpry neans; sai d nusical tone waveform

sanpl €-generating 5 step being capable of generating said nusical
tone _ ° wavef orm sanples at a plurality of different tine

densities, by selecting said first waveformdata or ' "sai d second
wavef orm data according to said different . time densities and
generating said nusical tone 10 ygyghor m data based on the selected
first or second wavef or m dat a. ' 24. A
machi ne-r eadabl e storage nedi um storing - instructions to cause a
machi ne to performa method of generating musical tones, which
conpri ses: a performance information-inputting step of 5
i nputting performance information; a selection

i nformation-inputting step of GO?I g selection information;

a nusi cal tone waveform generating slgl* carrying out a musica
tone waveform cal culation in 10 response tor said i nput performance
information, for - generatin veforns; and

a nusical tone-generating step/fof QSWF@N-E}IENT nusi cal t ones by
sel ectively subjecting said ge SESSING tone waveforns to a
plurality of characteristic 15 processi ngs according to said

i nput sel ection information, saiq characteristic contro
processi ngs _ _
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havi ng different processing contents and cal cul ati on amounts from

each ot her. 25. A machi ne-readabl e st orage nedi um storing
‘instruettons to cause a machine to performa nethod of generati ng
‘nusi cal tones, which conprises: a perfornmance '
Jinformati‘on-inputting step of 5 i nputting performance information;
‘a limtation information-inputting step of
81 inputting linmtation information; and a
nmusi cal tone waveform generating step @1/22 carrying out a nusica
t one waveformcal culation in response to said i nput perfornmance
information, for 5 generating nusical tone wavef orns;
sai d nusi cal tone waveform generating step generating nusica
tone waveforms by said nusical tone - wavef orm cal cul ati'on which
has an amount of cal cul ation fglimted in range by said
limtation 10 i nformation. -lzltg%sﬁZfi 26. A nac%ineyreadable
medi um st ori ng comands for carrying out a nusica
t one- gener ati ng net hod, = Q .N ; ATOR a
erformance information-inputt{n ipputtin erformance
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a calculation accuracy information- |nputt|ng o step of inputting

cal cul at ig@-accuracy information; and .a nusical tone
wavefoﬁnhgeneratlng step of L carrylng out a musical tone waveform
calculgtipn in 10 response’ o said i nput performance i nformtion,
for S - generating nusical tone waveforns; : sai d
musi cal tone waveform generating step generating nusical tone
wavef orms- by said nusical tone 22/2@mvef orm cal cul ati on whi ch has
cal cul ati on accuracy 15 t her eof desi.gnated by said |nput cal cul ation
accur acy I nformati on.
FIG.22B
(F)
I’y :
S186
N A
CALCULATE 1
WAVEFORM |
DATA OF 32
SAMPLES AND : B
ADD IT TO OB0O S187 S188
_/ vy
CALCULATE CALCULATE
WAVEFORM WAVEFORM
DATA OF 64 DATA OF 128
SAMPLES AND | | SAMPLES AND
ADDITTOOB1§ | ADDIT TOOB2
£ 5189
' TERMINATION |
PROCESSING Nres S191
EXECUTED?  / S190 ]
NO [_:_)(E(;U'#Elal ?:o TE%{)l(\EﬁR'T'I%N
S192 r< ALL CHANNEL 387 PROCESSING
L\- , YES _ ]
i+
r—————j . :
OVERSAMPLE 0B0,0B1 $193
| TO OBTAINDATAOF |
128 SAMPLES &
ADD THEM TO OB2
¥ ,
EXECUTE S194
REVERVERATION
PROCESSING
N ' :
RESERVE REPRODUCED} 8195
WAVEFORM DATA
O REPRODUGING.
SECTION FOR
REPRODUCTION
)




