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Tone Generafing Device and Method/Using a Time Streﬂ@ﬁiﬂgﬁ%réfsion

- Control Techni que The present invention relat 0 a tone-
~generating * devi ce and nethod for perform ng control t ptionally
stretch 5 .or conpress a tine-axis length (reproducing tine |ength) of
t¥ig€ waveformdata in whole or in part independently of pitch cont rol
of the waveformdata, to thereby enhance_exp ession - and
controllability of the tone in the time-axis direction. The present
invention is applicable extensively as a tone 10 generating device and
met hod for not only el ectronic nusical i nstrunments but al so various
ot her tone or sound generating I nstrunents such as ganme machi nes,
personal conput er STeprl Geneyatings Pevicgedia@deqMeithod . Using a [Mimehe
conventional | y-known tone génerators based on the 15 waveform nmenory

readi ng met h&Eqeich/Sonpragsion Capifnlatieshniquaet hod) which are used in.
el ectronic nusical instrunments and the like, a pitch of each tone
wavef ormto be generated have been controlled by adjusting the rate of
t he wavef orm dat a readout fr

wnen 30 sequent | 5, FERARRY offUPRELGH, R 5, o, (i, " Hifereiine
generat ed by [eaumiLayl HgtﬁBB%f ?%r%ﬂi%&énﬁ&gie%%dnal)l MRSt

whi ch are constants proportio a tonepitc guency),” the pirtch

can be confrqd %ﬂﬁé&’é%ﬂh&hﬁiénengthn?{ﬂéﬁﬁbaaci@h’gﬂgéﬁa%gﬁ:ﬁfsl ﬁf

nunber and beconme l'ower by 25 decreasing the value of _ _
this. case, wiiie ¥avefoii daftananewholedet ai®fpddtiiribpginddntly oFf pedeh

out. the control of the waveform data, to thereby enhance expression

and controllability of the tone in the time-axis direction.

The present inventi;n is applicable extensively as a tone

10 generating device and method for nof only electronic musical

instruments but also various other tone or sound generating

instruments such as game machines, personal cémputers and
various multimedia equipment.

In the conventionally-known tone generators based on the

15 waveform memory reading method (PCM or Pulse Code Modulation

method) which are used in electronic musical instruments and

the like, a pitch of each tone waveform to be generated have

" been gontrolled by adjusting the rate of the waveform data

"readout from a waveform‘ memory. More specifically, when

20 sequentially réading out the waveform data with read addresses

generated by accumulating so-called "F numbers" (frequency

numbers which are constants proportional to a .tone pitch

frequency), the pitch can be controlled to become higher by

increasing the value of the F number and become lower by

25 decreasing the value of the F number. ' In tﬁié-gase, when a

set of waveform data of limited quantity is read out, the



-2 -'f 4 tUnel-—r"é‘pTTdWC'i"TW‘T one-generating tinme length of the

wavef or m dat a I ragbly vary depending on the readout rate of the
wavef orm dat a \(MP%ljls é{@fgseﬁeenﬂ? léé‘fd. yNamaIDy, thg tone-.generati ng ti me
| ength woul d beé\q EMEM the pitch 5 b¢dbi®:SHEEDHAS.BEERLs, t he
cenventional PCM ! tinm s - were not {sati HERLAGED in that it
COE.-I| d not performcontrol to freel g stretchor—cohmpress—the tine

| ength, i.e., tone- generating tinme length of the waveformdata to
be read out fromthe waveform nenory, independently of the tpi tch.
10 Furtome-reproducing POV tiorewgenrerating itings lpngth of the
conventional to control three different tonal fagtors:. pi

h;
vol une; and weveformdatapiquld prdesirabde yaLy, gp?gdiﬁé;&g the readout

particul ar expression to a ta to, b d (whi W - b
someti nes refate 8t §hes Wat"(?-tjég-“b(?é’r‘?efaa? C‘Eae‘tr'%%‘gnﬂ(%?ﬁlgfe%' apPPeR ’sg:rPee

dification to th | than
Terel y gener SORRCOTREEY EHal (Ve i, WOl1d Becgme shGEEREVad Hulf o2l
the tone € LLﬁQcorﬁ‘eQ ' ﬁfgg%f’g;l 2hu8" the contehtibnall®eMitche igdtiratyrs

attack pi 'S I npar nodul ating the waveform data readout
rate as necegsAlndPlaatidiad iy A eHAlITE, cBuldenDt peffonk dintihal lide
is inparted by i mparting a volume anplitude envel ope, based on a
given FESNEY ORAPEVEN Obf dompiesd eatieoutime@y diemgthjat h. 1, bytone-
periodi cally nodul ati ng the volune anplitude of the read-out ' '
wavef or m dat genébatiwy, time flleagtbnefcdihe wavefcin edatmeto bes negidorout
control is performed by subjecting the read-out waveform -data to a
filtering préressthaswavetdrabmemoryheirdeppndently of theopitehting
technique for inparting expression to a to-be- ener at ed ton%
conpr i sedOper f or n"FAEtEEFe oEMty g¥hese { REM; fope generators, i1t has been

conventional to control three different tonal factors: pitch;

volume; and color (or timbre), when a user desires to impart
particular expression to a tone to be generated (which will
be  sometimes referred to as "to-be—generated tone") by
15 .applying some modification to the waveform read out from the
memory rather than merely generating the read-out waveform
directly as a tone.. For.the toﬁe pitch, a pitch modulation
effect, such as a vibrato or attack pitch, is imparted by
modulating the waveform data readout rate as necessary. For
20 the tone volume, a tremolo effect or the like is imparted by
imparting a volume amplitude envelope, ‘based on a given
enveiope waveform, to the read-out waveform data or by
periodically modulating the volume amplitude bf the read-out
waveform data. Further, for the tone color, suitable tone
25 color control is performed by subjecting the read-out waveform
data to a. filtering process. As noted above, the knoﬁn'tone
controiling technique for imparting expression to a to-be-

generated tone comprises performing some control on the three



- 3- maj or tonal factors: pitch; volune; and col or. However, there

- has never been proposed so far an idea of controlling waveform dat a of
a to-be-generated tone along the tinme-axis to thereby | mpart expression
to*“the to-be-generated tone for enhanced 5 tonal expression and
controllability. Further, quality of natural instrunment tones can
not be easi |y approxi mated by the ahovwpe-nmentioned external control

of the three tonal factors in the PCMtone generator: vari ation of the
readout rate; control of the volunme anplitude 10 of the read output; and
filtering of majerttomal dartor®upitch; vodusehamd adleomualHowever, t tinese
generated by the PCMtone generator, it has been conventional to
prestore in hhe never hgen @uapases gopfar An ddsaa: ofagensratlingvayeeform
nodul ati on effects, such as a vibrato and trenol o, previouslzhinparted

15 theret o s8atRaPftde2-PRIPRLINERD TANRRIONGn tBef time-gxispko thereby
generated, w,th as good quaglity as .that of natural  inQstrune t ones, by
just readi ngiHBFth§xﬁr&%§d'qﬁav5‘? of . E%&Evgfﬂ,‘erﬁtea oRe g%"e Sipreanced o
wavef orm data of .ton having dul at | ects inparted thereto are
read out ro%ﬂ‘ﬁ% %%ﬁ%??,glf)ﬁ‘ea Ogﬁggggggﬁ%lgi;&re and nodul ating tine

woul d undesi r abl erﬁ.rt)clteﬁé %gl}?%g ﬁgvgg@flghgﬁ%gﬁﬁfﬁﬁeﬁgagaﬂésrééﬁ ASt b

changed; that is, cyc ating tine, etc. could not

be cont r gbligdyl Bgppeadaiced oy b WX EHAChd APt Coontrol - €.

tone pitch. 25 urther, although the PCM tone generators can
prestore, ofi Nthé hechmsw efton@l NMeEabtyrs 1in glich@albclMy tvAsef gemerdledr:
corresponding to desired tonal effects and characteristics by sanpl i ng

t hem di r ect | yarlatiannaf wwhe pessioudt! ratet reaomttol tdfethe volume amplitude
10 of the read output; and filtering of the tone. color. Thus,
to enhance the quality of tones generated by the PCM tone
generator, it has beén conventional to prestore in the
waveform memory plural-cycle waveforms with various modulation
effects, such as a vibrato and tremolo, previouély imparted
15 thereto so that tones having these modulation effects can be -
generated, with as good quality as that of natural instrument
tones, by just reading out the stored waveforms. However, in
the case where the waveform data of tones having modulafion
effects imparted thereto are read out from the memory, the
20 modulating cycle and modulating time would undesirable vary
as the waveform data data readout rate is changed; that is,
the modulating cycle, inodulating time, etc. could not be
controlled independently of the wéveform data readout rate,
i.e, tone pitch.
25 Further, although the PCM tone generators can prestore,
in the waveform memory, -high—qu'ality waveform data
corresponding to desired tonal effects and characteristics by

sampling them directly from a natural musical instrument, they



-4- preset the problemin that if they are read out with the pitch
controlled (i.e., with the readout rate varied), the tinme axis of a
generated tone would vary in response to the vari.ed readout rate. Such
a di sadvantage may be avoi ded by 5 preventing variation of the readout
rate, but where a multiplicity of pitches are to be reproduced
precisely in cents as in the case of_nusical instrunent tones, an
extrenely great nmenory capacity would be required if a nultiplicity of
sorts (sets) of plural-cycle waveform data having various 10 effects

i npart ed t hepeesed&r echer eprobkemf dn et offt ithey ans trdad. oGltusyitthi the

approach is very inpractical. _Further, inthe field of voice
processi ng, ph&chl conkrolledet(ioi,s wikh ebheyrradattagalice wAried) spthen
speed converting techni ques. For exanple,. when applied to a 15

si tuati on whEiBena¥dfolh A generated tonepwail & Vafy finy reSPORGR cte yEhes
are read out _in.the mentioned order at a . redet er m ned .r eproduci

sanpl i ng freEfGErilea Fﬁagﬂf‘ uteteyoi C‘""é‘ca‘ a \&f\?&&yﬁﬂ%q% BRORA ?‘Fé?’n‘g‘?f?%@ﬁ
use, for the fir cyel e g vef or,m obt ai y i ng ge [._a
wavef or m %ornga?‘;r}Sléﬁt VaglgFﬁgﬁaA‘%andtrpéeno%‘%éb%\?\ﬂgef %&%’f oP{lg ad%’ﬁgrlen a
bl ock B and $ s PYle | ' a o] n f QU g hs
cycles. In mi?ﬁ?%lﬁgﬁ’ vl%n}ft h ﬁ?gﬁ%rgyf‘% t eE?)ér eggFg‘?%ﬁ%%g &)ertpérb ol(ﬁ%i#lgln
sanpling freguaReYyas!fie tALEBBE Rt £ Qg tunidt Waekor h extremely
originally having a total time length of five cycles, with the 25 ting
axi s conpr esgedatomphidryf edpacyelefouYicbe applutted 0if a MaDtIWIicityadf on
where waveform blocks A, B and C for three cycles are read out in the
ment i oned or dertat (sefrse)dedfr plugal-cycieprnaaiefomn sdapai igviingueacions

out put a voi ce waveform and _
10 effects imparted thereto are prestored for each of the

pitches. Thus, this approach is very impractical.

Further, in the field of voice processing, the PICOLA
method is currently known as one of the speech speed
converting techniques. For example, when abplied to a

15 situation where waveform blocks A, B, C, D and E for five
wave cycles are read out in the mentioned order at a
predetermined reproducing sampling frequency to output a voice
waveform, the PICOLA method may use, for the first cycle, a
waveform obtained by adding together a waveform for fading out

20 Dblock A ax_ld another waveform for fading in block B and' then
output blocks C, D and E for the second to fourth cycles. 1In
this way, without varying the predetermined reproducing
sampling frequency, the PICOLA method can output the waveform,
originally having a total time.length of five cycles, with the

25 +time axis compressed to just four cycles. When applied to
another 'situatioh where waveform blbcks A, B and C for three
cycles are read out in the mentioned order at a predetermined

reproducing sampling frequency to output a voice waveform and



- 5- If time-length expansion or stretch is desired, the PICOLA

met hod may use block A for the first cycle, then use, for the second
cycle, a waveform obtai ned by addi ng together a wavef orm for fading
out bl ock A and anot her waveform for 5 fading in block B, and then out put
bl ocks B and C for the third and fourth cycles. In this way, w thout
varying the predet ermi ned reproducifag sanpling frequency, the Pl COLA
met'hod can out put the waveform originally having a total tine | engt h

of three cycles, with the time |ength expanded or 10 stretched to four
cycl es. Hovidy imetignogth pexpansioregr stredeheds rpgixeti gblee cBACARRel vy
read out the recorded voice signal at the predeterm ned reproducin '

sanpl i ng fredifdhod ggy use plogk, A £o% Ehe bl st Wé%]i%rblt;;‘%é‘ﬁﬁngfpﬁetgﬁi ce
signal at an tional pitch (tone pit L. 1n of her ds, .the

convent i onal Sf$ech¥Fafte p?oﬁ%’«fsfn(?HPc %%&Pﬁgas esa%&{%%l l}ﬂggﬂ:h[e(}. t fte
above- ment | oned QB Sy rading A SBLobR! W1 AREYEnchE QAL Al kor
wavef or m menory- based faone generators for electronic nusica

i nstrumentss hafing 14 hslaéﬁbb?mghhattﬂéaﬁ SihbBut epObEKkES Bt Bed RIEQH! the

waveformdata 2071s 1nvariably determ ned depending on the readout rate

and - hencergaa HHd beositet €pelesNd TANMIESS &Y, 6fl tholtI v&Eying théhe
conventional voice processing technology is in no way i nt ended Tor

preci se pit clpradeterinined ereprodnding | samplinlg f fimagueriay,apphe SBLOOLAI ce
processi ng technol ogy directly 25 to the waveformnenory tone generators.
It is theref oedhod obpecutpitithe wayedorm,noehginally having @ itddad time
Locnniaue sulf 2oeh °BF' Lhzae” dyetes,  wilh the “fime length expanded o
10 stretched to. four cycles; However, this speech speed
converting fechnique can merely read out the recorded voice
signal at the predetermined reproducing sampling frequency and
is never intended for variably reading the voice signal at an
optional pitch-(tone éitch). In other words, the'conventional
15 technique provides no countermeasures or solution to the
above-mentioned problem.
| As set forth above, the conventional waveform-memory-
based tone generators for electronic musical instruments have_
the problem that the time length of the read-out waveform data
20 is invariably determined depending on the feadout rate and
hence can not be sfretched- and compressed freely. Further,
the conventional voice processing technology is in no way
intended for precise pitch control in cents,. and it is

difficult to apply such voice processing technology directly

25 to the waveform-memory tone generators.

It is therefore an object of the present invention to

provide a technique suitably applicable to a tone generator



based on waveform data readout froma waveform nmenory, which can
perform optional variable control of the data readout rate (pitch) and
al so performcontrol for optionally stretching and conpressing the
wavef orm data along a tine axis independently 5 of the readout rate.

It is another object of the present invention to provide a technique
suitably applicable to a tone generator haged on wavef orm dat a readout
froma waveform nmenory, which can inpart expression to a tone to be
generated and significantly enhance 10 expression and controllability of
the tone wit thasesl mpi avaveform datiaymeadepti fneqn o wayiefioam im@morycr wadehi n
menory capacity, by just introducing, as one ton control factor, -
control for ﬁ&%@@mfﬁg'maﬁﬂtégﬁﬁile‘é@'*@mﬁlé’m]opﬁl thedata readqute reitee
axis direction. is still another object of he resent

i nvention to (Pltcrb)r m31§°&%?%@%ﬂ’%ﬂqoﬁ°§ ?‘éb‘P’S’/a ching andase

wher e hi gh- qual fqrm data of
Cor 1 espondi T aef?“%é?q "cﬁ%‘ WRPrBraCaBed flpndce SAR Rl mandepengenﬂy

wavef or m :%& Sut QPRd s reproduced by readl ng out 20 the stored
waveformgtrrgég ch can vari a%’y control a wavef orm data readout rate

to reproduce a tong alg %rﬂﬁﬁie&egbg ectprC{?hé pASsdiRt A tih S BrovaEed

wavef orm data to be shared for a plurality of different tone pitches

and thereby a tedHmitue SUIHENLY GRRAGIHaDb1ED the as Wokled Generatosapadedandn

which 25 also perfornms control for stretching and conpressing readout
| ocati ons of wdvefurnedata daesdoatofxpm 4 waveform nemepe nddnidly can impairite
control of the waveform data readout rate to thereby provi de a
ti me-axi s corexmtessdmdoed tenertcabei genenatedand significantly enhance
e 10 expression and controllability of the tone with a simple
structure requiring no substantial increase in memory
capacity, by just introducing, as one ton control factor,
control for stretching and compressing the waveform data in
the time axis direction. |
15 It is still another object of the present invention to
provide a device and method suitably épplicable to a case
where high-quality waveform data of a plural-cycle waveform
corresponding to an optional performance style are stored in
a waveform memory so that a tone is reproduced by reading out
20 the stored waveform data, which can wvariably control a
waveform data readout rate to reproduce a tone at a'desired
pitch so as to allow the same stored wavéform data to be
shared for a plurality of different tone pitches and thereby
allow the memory capacity to be substantially saved and which
25 also performs control for stretching and compressing readout
locations of the waveform data along a time axis independently

of the control of the waveform data readout rate to thereby

provide a time-axis control parameter as an additional tone



control paraneter for the optional performance style, thus achi evi ng
sui tabl e tone generation and tone control for the opti onal performance
style with enhanced expression and controllability that have never
been achieved to date. The 5 waveform data corresponding to an opti onal
per formance style to stored in the waveform nenory may incl ude those
wth nodul ation, such as a vibrato orz trenolo, inparted thereto,

those with pitch nodul ation, such as a pitch bend, inparted t her et o,
and those with transient pitch fluctuation, such as 10 a transient tone or
ornanent, i npentealt paremeter for the| pptiongl| pexfermancepjstetler thes
present invention to provi de a device and nethod suitably applicable

to a case ach}pgieg,ghdtapierdicreogenenation And g FWMHAY L bR | n
f g t hat t i S d db di t 15 th
Stored vavel GPRLURRS. REFEATRANCR AT H0N Ui ofhhancad, JoBPheRF IR, and
dout te t - ' o L |1 h
G st or o SROSFETARHATEER bRAE Ravd, SEVET boen TR &F ditd:, R4

Saved: andoahreRetB0R,iase cop SpnponllBg TPERN GBPIGhAY periimidics BhrTS 7

_ so perfor : etching and conpressing
readout kaC i ofind €esi kadeloirhi Gleddbp! Rag’ DEIda®f thBaeaypfRr m
data along a tinme axis independently of the control of the wavef or m

dat a readout mpatiatfohhesaby @t isonalbnateoir Otremolo, tiNEar€sd otheidto O
tone-generating tinme length of the desired 25 portion, thus achieving a
vari ety of vé&hosei ehthopichomeodulatisnef Grunhs @sas tpoltaothilered t cdmparted

generation and tone control wi th enhanced expression and
control | abi | theretat andetheserwith transientepitchofbuetuation, such as
- 8- Nanmely, the present invention seeks to provide a device

10 a transient tone or ornament, imparted thereto.

It is still another object of the present invention to
provide a device and method suitably applicable to a case
where waveform data of a plural-cycle waveform are stored in
a waveform memory so that a tone is reproduced bf reading out

15 the stored waveform data; which can variably control a
waveform data readout rate to reproduce a tone at a desired
pitch so as to allow the same stored waveform data to be
shared for a plurality of different tone pitches and thereby
allow the memory capacity to be substantially saved and which

20 also performs control for stretching and compressing readout
locations of a desired portion (whole or part) of the waveform
data along_a time axis independently qf the control of the
waveform data readout rate to thereby optionally control a
tone-reproducing or tone-generating time length of the desired

25 portion, thus achieving a variety of variations of a tone
waveform so as to achieve tone generation and tone control
with enhanced éxpreésion and controllability that have never

been achieved to date.



and nmet hod which can freely performvariable control of a

tone-generating time length of a rising portion, falling portion or the
|i ke of a tone so as to achieve a variety of 5 variations of a tone

wavef orm and tone generation and tone control wi th enhanced expression
and controllability that have never been achi eved to date. It
Is still another object of the present ingeation to provi de a tone
gener ating devi ce and nethod which can variably 10 control a total tine

| ength of a to-be-generated tone by tine axis control of waveform data
to thereby freel yNamelypl the present- :g@mmhw:ngseelﬁ% terrovide @ rdevige y
with a note |length or the like. . Is still_ another obJect of
the present ?@@eﬂ?tbﬁdt@h¥ﬂ?rﬁ%ﬁlé€e&1¥om9ﬁiﬂﬂﬂwﬂ?FﬁFﬁkﬁwE@nEHB math

whi ch | ect | t t t r et chi ng/
cont rol par SHERSTOTeIRtAd 3 ﬁbaeq'sﬁze%'r%fa{seﬁs ' B£8Rk Gatnliin o
I nformati on des%_?(Patl ngFﬁlet?nEecgl oL hgo as lﬂokeach %‘%s t%%?ﬂﬁy

vari ety of VBT atTond o one wave ofm &8t respénding to 1
desi gnat egl t&%fﬁéf&&ﬁsoéftge nelﬁévéfHthéﬁﬁeQXnﬁr h%ra%&%%“gﬂ}
axis control, varrety of waveformvariati ons f om sane waveform ata

of one pééﬁ@éopm»&l WaKaheel expression ldnd Soditrbl1 188311%5 SRLEGaws
the present invention to 25 provide a device and nethod suitably

appl i cabl e tgever deen achbeved weyefigtgl data of a sane waveform portion are

read out in a repetitive or | ooped manner from a waveform nenory, which
achi eves a vari etytolsvatiali anstberaobjeetwafeftlhremprederdn invention to.
- 9- carry out tone generation and tone control w th nonot onousness

due to the Ipepedde eadone generatingydeviqae mnkaethpd which can variably

10 control a total time length of a to-be-generated tone by time
axis control of waveformlda%a to thereby freely control a
tone-generating time length in conformity with a note length
or the like.

It is still another object of the present invention to

15 provide a tone generating device and method which can
selectively generate a time-axis stretching/compressing
control parameter of a time-varying charécteristic in
accordance with information designating a tone color or the
'like, so as to achieve a variety of variations of a tone

20 waveform corresponding to the designated tone color or the
like and thereby create, through the time axis control, a
variety of waveform variations from same waveform data of one
plural-cycle waveform.

It is still another object of the present invention to

25  provide a device and method suitably applicable to a case
where waveform data of a same waveform portion are read out
in a repetitive or looped manner from a waveform memory, which

achieves a variety of variations of a tone waveform and can



perform ng control for stretching and conpressing readout | ocati ons of
a desired portion of the waveform data al ong a 5 time axis to thereby
optionally control a tone-generating tine | engt h of the desired

porti on. It is still another object of the present invention to
provi de a device and net hod which achieves a variety of vari ations of a
tone waveform by performng control for. glQ stretching and conpressing
readout |ocations of a desired portion as well as a repetitively

read- out portion, of wavef orm data along a tine axis to thereby inpart
positive camy it tenehgansezatibngand ccand coatirolbeigbmomdeoshousness

It is still another object of the present invention to 15 provide a tone
gener ati ng ddwecetandthet hdgomedch reedont n efifectivedaur |l igrinageddudey on
of a tone waveform can preformcontrol for stretching and conpressing
wavef or m datReBforRing t cRBtERls for stredtghingngandsFORPECESLignARAPUY

h [ t] f S d stretch al t ti is. 20
It is still HRARNSLPECE BFSLREd,PEELION RiciProlavetom Haff @iapd dhe
ti deyvi d d ich, .| f ' | _f ,
et chi g oHPS G 8 RS et ot e1 ot e e Tp Seberartenalio bine o
time axis, af&jggﬁ bk "Bre desfi‘{aa é&{rﬁign.and conpression control providing
0

for a snooth wavef orm vari ati rough cross-fade synthesis.

I't is yet anotherzgbjgcktehil BacRheseRbjeMeHE thd Dresert ML MEIA OUS
| nprovenents in cross-fade synthesis of waveformdata in relation to

the foregoi nfrovide a device and method which achieves 1) variety of
According to a first aspect of the present invention, there is

provi ded a tvarigtbtenat ofg aetione whavdfaompr bye performingacehdrmlmetar y
havi ng stored therein waveformdata of a

10 stretching and compressing readout locations of a desired
portion as well aé a fepetitively read-out portion, of
waveform data along a time axis to thereby impart positive
control, such as a swing, to a tone to be generatedT

It is still another object of the present invention to

15 provide a tone generating device and method which, even in the
course of reproduction of a tone waveform, can preform control
for stretching and compressing waveform data along a time axis
in real-time response to dynamically changing ratios of
compression and stretch along the time axis.

20 It is still another object of the present invention to
provide a tone generating device and method which, in
performing control for stretching and compressing readout
locations of waveform data along a time axis, achieve time-
axis stretch and compression control providing for a smooth

25 waveform variation through cross-fade synthesis.

It is yet another object of the present invention to

provide various improvements in cross-fade synthesis of

waveform data in relation to the foregoing.



waveform of a plurality of cycles; a designating section that 5

designates a pitch of a tone tone be generated; a control I nformati on
generating section that generates control i nformati on specifying, in a
ti e function, an address | ocation of the waveform data to be read out
fromthe wavef orm nmenory; an address generating section that generates
10. a read address advancing at a rate q@rresponding to the pitch

desi gnated by the designating section; a control unit that makes a
conpari son between the address | ocation specified by t he control

i nformation and Adcwuating b ahdirsid aspecds Pf thegprepghEd ipyerddon,
address generating section and controls to 15 shift the read address in
accor dance whelres iseqnqvigied e tone QEBﬁﬁﬁF%ESn?eHﬁﬁeaW?éGEiGﬁmFﬁ&Feﬁéads

out the waveform data on t he basis of. the read addrgss cqntroll.ed b
t he control aufaveform memorYTH@V&Bﬂt?5qu%(#hﬁﬂﬁﬁﬂ1%ﬁXﬁféﬁ%daﬁégt & T by
contr ol i nf or matd on_gene | .NQS  on. S [ fd4 ' ' | on,
OOl e Y A" g PSR SR PG ey Bddeod ik o1
wavet or i Mell g o f33ad, aéidgi%ahpro%rf%ﬁg_ Rondd Y dferated; I 8t &dritrdl
read address vaﬁ&lng or advanci ng slope) is esignated by a read

address gengratfohd¥sidle §adEE8€in sed1onAt i fihSecbABrateBParddiirdls
made, by thg'contfgﬁi%ﬂit, 2§§Ebe ween the addressé | ocation specified
by the coniffdrmation i FpadiEyiey,(aikork otikar ghinctionyt il rehlimss

| ocation) and the location of the read address generated by the

addr ess loagaiaymmt ofg thet iwavdfomn , dataactaalbe caéddt butat fvenm, Hhel

t he control unit shifts the read address in accordance with
t he conpanvesinrn awmary ;Tieins addyesshgeneratingr setien sthah genagrates
(i.e., read address varying or advancing sloge I S contéolled I n, h
corr espéhdere &emd pddresFe SOVARSINGCRtoR FRES: GPETEIPPRIING To the pitc

designated by the designating section; a control unit that
makes a comparison between the address location specified by

+the control information and a location of the read address
generated by the address generating section and controls to

l15 shift the read address in aqcordande with a result of the
comparison; and a section that reads out the waveform data on

the basis of the read address controlled by the control unit.

The control information generated by the control
information generating section specifies, in a time functioh,

20 an address location of the waveform data to be read out from
the waveform memory. Read address progressing or advancing

rate (i.e., read address varying or advancing slope) is
designated by a read address generated by the address
generating section. Comparison is made, by the contrbl unit,

25 between the address location specified by the control
information (a sort of target or virtual readout location) and

the location of the read address generated by the address

generating section (i.e., an actual readout location), and the



5 generated, and rel ationship between the readout |ocation of t he

waveform data and the tinme is controlled by the control i nformation. As

a result, the waveform data corresponding to the desired pitch tone can
be read out fromthe waveform menory with the data freely stretched or

conpressed along the 10 time axis in accordance with the control

i nformati on I ndependently of controlipf-the readout rate (i.e., pitch
control of the tone to beée generated). In the preferred

enbodi ments of the present invention to be set forth hereinafter, the
control infocemtroh, uspbcehyfhg the xradd @édresisoda iancaydanae \wi/di ke
data to be read out from the waveform nenory, is_presented as a V|rtual
read addr esscomparipen cregitl o Thid Ways &H@aﬁ@?ﬁgagngSFa?@V%%@+%@ﬁ%%

to a designated pitch is presented as an act yal

d
Preferably, the® vV ¥ AR W@Fﬁﬂmﬁh°Fh€dW89€F89n? Qﬁe?ngﬁmﬁgnEﬁ%}led

di vi ded I f d h
hat ‘T espect FocoPtFaPPRHIBRSP AP, the Ye it el GPcEpRl SR ”@””er

coi nci de i 0o 80k 0k N°hndNro1 o cRBASR1 pARANIER Ardl TIIFRRS AR

addr ess Ioc Specified by t ontrol I nformation an ocatlon

of the 25 repd gaVEessmIgaehabAd Rhe! REmIdILTHMSRANYG N8 SO '&Bh{‘fél
exceeded a predeterm ned value, the control unit shifts the r ead

address by ainfoBhaticn! r ospedicimlit) ehe RavaBbemOdatiecorrespbiding to
di vi sions. Wen readout |ocations of the waveform data
- 12 - the e desiebdhaili tieh ctopeesaed e omrgatiheout nErami thet heswe fowrh d
occur sone discontinuity in the readout |ocations. However, with the
arrangenent memory witledtheydiirtes Srieelan siwetiched or comnprepsedi alors v or
more of the data divisions, a snooth 5 waveforminterconnection or
|nterl|nk@ngt+%eacﬁ*éﬁed1§veﬁcpﬁrdance with the control information
independently of control of the readout rate (i.e., pitch
control of the tone to be generated).
In the preferred embodiments of the present invention to
be set forth hereinafter, the control information, specifying
15 an address location of the waveform data to be read out from
the waveform memory, is presented as a virtual read address,
while the read address advancing at a rate corresponding to
a designated pitch is presented as an actual read address.
Preferably, the waveform data stored in the waveform
20 memory are divided into a plurality of data divisions and
managed in such a manner that respective first waveform data
of the data divisions generally coincide with each other in
phase, and when a difference between the address location
-specified by the control information and the location of the
25 read address generated by the address generating section has
exceeded a predetermined wvalue, the control unit shifts the

read address by an amount corresponding to one or more of the

data divisions. When readout locations of the waveform data



t he case where discrete waveform segnents are interconnected by the
stretch or conpression. I n anot her preferred inplenentation,
there is al so provi ded a cross-fading section which, when the read
~address 10 is to be shifted by the control unit, perforns cross-fade
synt hesi s between the waveformread out fromthe waveform menory on
the basis of the read address generated_bgjaqre the shift and the
wavef orm read out fromthe waveform nmenory on the basis of the read
address generated after the shift. 15 Also in this case, a snooth
wavef or m i nt&re ostesteled oor | copressed abdng velte evine i axide thare whoubd

di screte wavef orm segnents are interconnected by stretching or
conpr essi ng d>¢eurmmiscombi;lalﬂiblﬂsimtlnd!leremmlwmfepmongﬂ@W@V@#‘m&
axi s. The present invention also provides a nethod of

generating avithe the taeraagesent rtdwjouther #aad waddreem by ﬁEnD?WO%‘al ng
stored therein waveformdata of a plural cle eform whic

conpri ses: ac‘%’f%%s%?n‘é’egg gTﬂ%t ?PR% %Ipp‘f"?’é‘ﬁ %%/ the %F“E%rfi"‘f’os’o%“%er%r%?%?lth
step of g§nerati con ormat i pn ni r ol ste&t‘of d SI natlng,

Lo o onen gy Edrg it Sreopned FLSH (B {iltef) SREHAS 48 (dh fv 5 A% o

to be r e

wavef orm dat a coél‘-iR r ol"lﬁ%d} %I djéggf% ée{%:%@%%ym% r%rr'%?téée?ﬁ %Q&%%%%?%%%%%
with the contyolnd nferaBEhOSr aBflpPesseBndf reading

- 13 - out fromthe waveform nenory the waveform data at the

| ocations desi gnatfd dnother Crd frde®p idiplemenitdtion, COLhegRONdENtalso t he
pitch designated by the step of designating. This way, a tone is

gener at ed whpxdwided td ecross dfad hngt ssc i dre hwlatch wavtedorthel ateadfaddress
characteristic controlled to be stretched or conpressed along a tine
axis in 10 is to be shifted by the control unit, performs cross-fade
synthesis between the waveform read out from the waveform
memory on the basis of the read address generated before the
shift and the waveform read out from the waveform memory on
the basis of the read address generated after the shift.
15 Also in this case, a smooth waveform interconnection or link
is achieved even in the case where discrete waveform segments
are interconnected by stretching or compressing the readout
locations of the waveform data along the time axis..
The present invention also provides a method of
20 generating a tone on the basis of readout from a waveform
memory having storéd therein waveform data of a plural-cycle
waveform, which comprises: a step of designating a pitch of
‘'a tone to be generated; a step of génerating control
information; a control step of designating, in response to
25 passage of time, discrete locations of the waveform data to
be read out from the waveform memory with a time axis of the

waveform data controlled to be stretched or compressed in

accordance with the control information; and a step of reading



accordance with the control information. The control step

desi gnates, in response to passage of time, discrete |locations of the
wavef orm data to be read out 10 fromthe waveform menory and controls the
desi gnat ed di.screte | ocations to be stretched or conpressed al ong the
time axis i n accordance with the generated control information. Nanely,
t he | ocations, of the waveformdata to be;4ead out fromthe wavef orm
menory, designated by the control step do not 15 necessarily have to be
sequentially designated, for every address of the nmenory, as in nornal
readout of wewef drondatthe wasefipirms, manodrymytiee desiefioateddditacr atel yhat
appropriate spaced-apart points or over an appropriate section or
range. Decagioms ddesjgneted obyt heth# sceentrobcastens eft tile vate
waveform data to be read out fromthe waveform nenory, sequenti al
readout of t¢RITeIPRdiRg e ef Baeh oﬁ’e’ép%arﬁﬂ’%b@nategrdwth@%ieﬁ%tééﬁ

| ocations, i.e. deS|rgl;nat|on of actual read addresses in,the waveform

menory is ca‘?ﬁ’?’eﬁlf‘%’&’t y t 1S Wa¥%adRn§onee sitg9enent ted oFhishoh@shgth®
the d t h f d t t f th
dosi gnat o8 Sesfindfea, Pregh nd SialBeRe ThERa0 BEC A7 Rt tAIB S
appropri at e é&?’&ﬁ%&é {c?'}%e stg:f c{h%d"’%‘ff}&:%nﬁ&:@@%ﬁyalﬁhgtgetlme dAE in

correspondi ng esi gnate
-14- P d&tofdande wLeH- BHE &@M%J}Qi nme&@maélsﬁnt rolled in
accordance wth the designated pitch, while the |ocations of t he

waveform data to Breresfitecl btem Heeignweee! MikEFESpolsR to psEdRies
Wthits tine-axis controlled to be stretched or 5 conpressed in

accordance wtime} hiiscrétel locdtiomns ioff the wanefmmialdty td bd eresadh cowt
rate (pitch control). As a consequence, the tine-axis |ocations of
t he wavel®r nfxilen achey waveform memory and controls the designated discrete
locations to be stretched or compressed élong the time axis

in accordance with the generated control information. Namely,

the locations, of the waveform data to be read out from the

waveform memory, designated by the control step do not

15 necessarily have to be sequentially designated, for every
‘"address of the memory, as in normal readout of waveform data

samples, and may be designated discretely at appropriate
spaced-apart points or over an appropriate section or range.

During the designation of the discrete 1locations of the

20 waveform data to be read out from the waveform memory,
sequential readout of the ‘individual waveform data samples

from the designated locations, i.e., designation of actual

read addresses in the waveform memory is carried out by the

reading step at a rate corresponding to the designated pitch.

25 Thus, the waveform data are read out froﬁ_the designated
locations, at appropriate spaced-apart points or over an

appropriate section or range, of the waveform memory, at the

rate corresponding to the designated pitch. This way, the



be read out fromthe waveform nenory can be optionally controlled to be
stretched or conpressed i ndependently of the 10 readout rate (pitch
control). Here, in order to not inpair the inmpression of the pitch of
t he read-out waveform and the tone col or characteristic of one cycle of
t he read- out waveform it is preferable that the above-nentioned
spaced- apart points or the approprLajg section or range be set to 15
cover at |east one cycle of the waveform data. Further, a

machi ne-readable recording nedium in accordance with the present

i nvention copitcls af cobipeit eread-owt ogwaveformexdata i nis t heontookledntimned
tone generating met hod. 20 Accordi ng to anot her aspect of the
present invemcterdance whthethe desigueted phkechgerkiteithe elomps cpf
conpri ses: a wavef orm nmenory haV|n stored therein waveform data of a
wavef orm of Bh¢uagfeym Jaty e de me §rAmdihe WaveRgr™ megory are

oL O0 S S BBE ! DL T85! 012510 2 Eboa o
gener at ese copl ol oLOLST MRLT 00k, GRHLLO! (A Bl BILARL P, 2

control umit gnates, In r esponse hs passa rete

| ocati ons ofy &Eb%Pdentl of the readout rate (pitch confyél)
maveforn1data to be read out fromthe waveform nenory with a tlne aX|s

of the vavef goissiencaNt £18é | eine DixiHe1608t1Ghs of tﬁétwaééféﬁmsaéeﬁoﬂ@d
or conpressed in accordance with the control information control unit;

and a readoube saRiddnouat from MERASwawtbEbEAM MdfOMAY &ad NbEE B i1 del 1y
wavef orm data at the | ocations designated by the control unit at a rate
correspondi ngpnoreohkedi te thaledingizhed oy thapdessgdaindgpendenttyi ofi. the
10 readout rate (pitch control). Here, in order to not impair
the impression of the pitch of the read-oﬁt waveform and the
tone color characteristic of one cycle of. the read-out
waveform, it is_preferable that the above-mentioned spaced-
apart points or the appropriate section or range be set to
15 cover at least one cycle of the waveform data.
 Further, a machine-readable recording medium in
accordance with the present invention contains a computer
program for executing the above-mentioned tone generating
method.
20 According to another aspect of the present invention,
fhere is provided a tone generating device which comprises:
a waveform memory having stored therein waveform data of a
waveform of a plurality of cycles, the waveform data having
a modulation effect imparted thereto; a designating section
25 that designates a pitch of a tone tone be generated;
a section that generates control information to control a time
axis of modulation; a control unit thét designates, in

'response to passage of time, discrete locations of  the



Hi gh-quality waveformdata of a plural-cycle waveform 10 having

nodul ation, such as a vibrato or trenolo, inparted thereto are stored
in the waveform nmenory. As the waveform data are read out for
gerfierati on of a tone, the readout rate is variably controlled to
reproduce the tone at a desired pitch, which allows the stored waveform
data to be shared for 15 a plurality of ggfferent tone pitches and thereby
al low t he menory capacity to be substantially saved. Al so, as the
wavef orm data are read out for generation of a tone, control S

perforned foravefexmhiataatel benpead sout fremothe |waveform memoxy with a
waveform data along a tine axis independently of the 20 control of the
wavef or m dat Bimeaasis of cthehraneferme@data gprntrolirgier BYi dhearfPrbrel
control wi th enhanced_ expressi gn and controllabilit% t hat have never

beeh achi evedPt®r ghPebe stretchegd oF rogpTeseed| ing ghancre itdt the

e R S R ¥ e R

ol ural - v o SENET QLI £2ofieThANALLASCIRChARLY 1Hhe. vavlERAN AR 2P LD O

a tone to be genera ; sectl on enerates contr rmatron 1 n

correspondentSeiidn® designated by the control unit at + -rate
predeterm ned portion of thée waveforimdata to be repetitively read out

fromthe vwavebprezpER@ing &o°08h&e0lpitdH 883ignatedeYdNBhES,dddl GrasPONFe
to passage of time, discrete |ocations of the waveformdata to be read

out fromtheseewbdor mmenory 5 with a tinme axis of the waveform data
controlled, by the control unit, to be stretched or conpressed in
~accordance wi th Highhguabdihtyowavefformatdats @fidaa plegaduricysdest iwave form
reads out the waveform nenory fromthe waveform nmenory at a rate

cor r espoHdi rgaYing hmoguilakigesi Fuahed@py a: felhratqna¥i fgemolo, imparted

thereto are stored in the waveform memory. As the waveform

data are read out for generation of a tone, the readout rate

is variably controlled to reproduce the tone at a desired

pitch, which allows the stored waveform data to be shared for

15 a plurality of different tone pitches and thereby allow the

memory capacity to be substantially saved. Also, as the

waveform data are reéd out for generation of a tone, control

is performed for stretching and compressing readout lodations

of the waveform déta along a time axis independehtly of the

20 control of the waveform data readout rate, which achieves tone

generation and tone control with enhanced expression and
controllability that have never been achieved to date.

According to still another aspect of the present

invention, there is provided a tone generating device which

-25 comprises: a waveform memory having stored therein waveform

data of a plural-cycle waveform; a designatiﬁg section that

designates a pitch of a tone to be generated; a section that

generates control information in correspondence with a



10 section, wherein when the predeterm ned portion is to be read "~ out
repetitively, the readout section reads out the waveform data at the

| ocations designated by the control unit at the rate corresponding to
t het desi gnated pitch. In the case where the waveform data of a
sanme waveform 15 portion are read out in a repetitive or |ooped nmanner
from t he wavef orm nenory, the tone ggﬂgtating devi ce achieves a
variety of variations of the tone waveform and can carry out t one
generation and tone control wi th nobnotonousness due to t he | ooped
readout eff estédeterminsd nedLeion byf md wavietorm?@atantoobe frspstieiedlng
and conpressing readout |ocations of a desired portion of the waveform
data al ong theadi maitaxifromo the tewefiprmopmenpaily gomondirad unit that

t one-reproduci ng or tone- generating time length of the desjred
poriion. designatesy dimFesponse tospassege hidmegf digergtestegations

I nvention, there is provided_a tone generating device which conpri ses:

a wavef or m nehokhe HRYetesh ofatat herke Rl PoF from the ayetomn memorycl e

waveform _a pjfch desjgnating sectjon t hat designates a.pitch_ of t one
to be gen%ra‘t’%ﬁ? 8 s"-e’d% Oﬁxn.g. ofC '{:he waveform atag con‘ls:rolfeé, by -'911% )

that gener at gs, gont gl d My JB! LD YALXANG. Welho g 3 aceofRRRERI b

t hat desi gnates,” over scre ocat’i ons e waveform

be read out EQ@%@&#Vﬁfoﬂmy and a YehBoAt! 5BBt3¥hStRht! REadBVELLT M
d, by the 5 d

dat a control_e control unltz to be stretched or conpressed in
accordance Whd wavefidi@h CRABRORY | FF&H MiHO NwadBEo2m! GRciidty SRt | an thed

reads out fromthe waveform nenory the waveform data at the | ocations
desi gnat ed byoihesponding wa tthé pitaile desigapeadi Ny t ehehalesignfptind
designated by the pitch designating section. 10 Thi s arrangenent
achi evesl@ vsecteignpfwherein iwiren dfhea predetermined portion is to be read
out repetitively, the readout section reads out the waveform
data at the locations designated by the control unit at the
rate corresponding to the designated pitch.
In the case where the waveform data of a same waveform
15 portion are read out in a repetitive or looped manner from
the waveform memory, the tone generating device achieves a
variety of variations of the tone waveform and can carry out
tone generation and tone control with monotonousness due to
the looped readout effectively eliminated, by performing
20 control for stretching and compressing readout locations of
a desired portion of the waveform data along the time axis.to
thereby optionally control a tone-reproducing or tone;
generating time length of the desired portion.
According to still another aspect of the present
25 invention,.there is provided a tone generating device which
comprises: a waveform memory having stored therein waveform
data of a plural-cycle waveform; a pitch designating section

that designates a pitch of a tone to be generated; a section



tone waveform by, in accordance with the time-varying control
I nformation (such as a swing waveforn), perform ng control for

stretching and conpressi ng readout |ocations of the waveform dat a
aleng the tine axis to thereby positively inpart time- 15 varying
delicate control, such as a swing, to the tone to be gener at ed.
According to still another aspect of thejpgresent I nvention, there is
provi ded a tone generating device which conprises: a waveform nmenory

having stored therein waveform 20 data of a plural-cycle waveform having
a tonal chathatter generates canfrael | dnfopmation t Ner¥ipdoveith time; a
predeterm ned period based a predeterm ned,styl e of ggrf rmange; a

pi tch dezlgﬁﬁpﬁﬁgl unltsﬁhﬁ#cﬁﬁ?%ﬂRaFﬁ%igﬂ%?%stémﬁktgﬁSSF.§et3R§at&°F§
generated; a sectjon that generates contr I nfor mat i tr a
torr]e 25  Qdndbe WRyeLoan %‘taogi?e e Ffad gyt Srofe e é’%r%otg?" yﬁ%qmgg)
performance; ,g.control unit: th i L N P ' asgpoe

st o8| e gitie BF 3T, v SPorn 'abES T flded, P

of time, di e Waveformdata t e read out from

the waveformgy quiiggt @otﬁg%%'%dﬁ%%ﬁompressed in accordance with

- 18 - waver or m a contr e control unit, to be stretched

Or conpressqgd Boatrd1d3RTeriaitioniCan@nkal Pbadbher S8¢tDon Wk reads out
readout section that reads out fromthe waveform nenory the wavef or m

data at the frematimen Syl Gnmt Aembyy t bRe cwavesbrmndataSatatthe raications
corresponding to the pitch designated by the pitch desi gnati ng
section. designatéditbyafmble ednttrolhend&satvhcrateaefresperdingfte the
pl ural -cycl e waveform corresponding to a predeterm ned per f or mance
styl e, such mistathalasignated withe plteh dasignabing: PeAtiPRe a pitch

bend, those with a slur, or those wth transient pitch fl '
li ke al ansi ent Thi® aFrangement achieves a vargety o% varia€£gﬂgﬂdé"e

tone waveform, by, in accordance with the time-varying control
information (such as a swing‘waveform), performing control for
stretching and compressing readout 1ocations of the waveform
data along the time axis to thereby positively impart time-

15 varying delicate control, such as a swing, to the tone to be
generated.

According to still another aspect of the present
invention, there is provided a tone generating device which
comprises: a waveform memory having stored therein waveform

20 data of a plural-cycle waveform having a tonal'characteristie
variation imparted thereto over a predetermined period based

a predetermined style of performance; a pitch designating
section that designates a pitch of a tone to be generated; a
section that generates control information to control a tohe

25 generating period based on the predetermined style of
performance; a control unit that designates, in response to
passage of time, discrete locations of the waveform data to

be read out from the waveform memory with a time axis of the



ornanent, are stored in a waveform nenory so that a tone is r epr oduced
by reading out the stored waveformdata, the present invention can
generate the tone based on the 15 predeterm ned performance style wth
hi gh quality, and also can performcontrol for stretching and
conpressi ng readout | ocations of the waveform data along the tine

axi s i ndependently of the control. qig the waveform data readout rate
(prtch control of the generated tone), using |less capacity of 20 the
menory capacity. Thus, the present invention can provide atine-axis
control par gaReforasdataadontiohhéd) dne thentooltrol unipartedie stretched
optional performance style, thereby achi eving suitable tone

gener ati on axdcbmpressedr oh Acrorfance with ihpteontreld IGF@RERY 80 o

wi th enhanced expression and 25 controllability that have never been
achi eved t o adzeedouttnsection; khatcreadst @t FEeR R RO Th AN iq:é’t":i c

variation | nparted to the f dat a, st i.nth A

other than HRSfoRh dpEe 4F 5he {REatonEnAeataneted i gy B T

- 19 - tone cql or_or tone vol une. . 1 Al At |

of the Zbov&'mhts e(ﬁ’orrestproé‘ﬁiéingnt@)m&\;lgf @rﬁﬁ%‘o?ﬁ%@% :o es?:glngf PN

I nvention pg@éﬁ§§%£1qgjﬁééggbﬁpnerating devi ce which conprises: a waveform .
S

menory 5 havin or erein first waveformdata representative of a

first waveform sacandppveld Mgatend eRageeRéIYe Wiveform det@ndof a
waveform and third wavéformdata of a plural-cycle third waveform

having a t ojAlurdIlREIRS | SkdeeFéfnm at c6Prespohdpagt edot her etprddetermined
i nterconnect the first waveformand the 10 second wavefornm a pitch

desi gnat i ng ariommardmt ggsignatsasch as pihage ofwith orransisnierktated;
a section that, when a transfer fromthe first waveformto the second
wavef orl@ i s modulation like a pitch bend, those with a slur, or those
with transient pitch fluctuation like a transient tone or
ornament, are stored in a waveform memory so that a tone is
reproduced by reading out the stored waveform data, the
present invention can generate the tone based on the
15 predetermined performance style with high quality, and also
can perform control for stretching and compressing readout
locations of +the waveform data along the time axis
independently of the contfol of the waveform data readout rate
(pitch control of the generated tone), using less capacity of
20 the memory capacity. Thus, the present invention can provide
a time-axis control parameter as an additional tone control
parameter for the optional performance style, thereby
achieving suitable tone generation and tone control for the
predetermined performance style with enhanced expression and
25 controllability that have never been achieved to date. In
this casé, the <transient tonal characteristic wvariation

imparted to the waveform data stored in the memory may be

other than thé'pitch variation like a bend, such as that of



Instructed, perfornms control such that the first waveform and t he

second waveformare read out with the third waveform 15 inserted

t her ebet ween; a section that generates control i nformation to control

a tinme over which the third waveform is to be used; a control unit that

desi gnates, in response to passage of time,. discrete |ocations of at

| east part of the third waveformta g read out fromthe waveform '

merfory with 20 a time axis of the third waveform data controlled, by the

control unit, to be stretched or conpressed in accordance with t he

control i nfororsd icwlomrmk atommdeotumect i on t hat reads out t he wavef orm

data fromthe waveformnenory at a rate = corresponding.to the pitch

desi gnat ed by t heA®i t shoghergndmmgnentatian | #f whBeei W@'t“iﬁ"f‘i}"ned

waveform data are to be read out t he readout,  sect iq%r eads Quéeét]%e
at

thiTd vavef drranmkeptavavRiorm confzalofheddaitlt e d BT HET AT o thi
1130 T vone GRRBRAELRE A, TORCEI SHUBRATERI % FENSTOTR. R

on-al so one generating

devi ce ﬁf%gi éé#ﬁés%fgfeﬁ;%ﬁgfégﬁnkg¥ggr%agafb?ﬁhEEQ%eggpreséﬂﬁﬁfﬁdé of

wavef or ‘ural - yclre wavetforn a pitc esi gnating section

that designa} efi?s‘ei %»l‘éji}eﬁ)rﬁ\,t URdrdl Rfave Porie N4 64 edepreB8ataivENYE a
generates control Intormation in correspondence with a predeterm ned

partial tonegglesed dhP8form, Pahdocthidd andvetortini datdabfdesipihatals;cyaile
response to passage of time, discrete |ocations of the waveformdata to
be read third r aravdfomay ciavingrenor ytanah achamrestedistic t aniafiaen m
10 data controlled, by the control unit, to be stretched or conpressed
i n accor danciempatted hthevatootoi nhtengonoactathes first wayefiorde @ndritheat
reads out fromthe maveforn1nennrg the =~ waveformdata at the |ocations
desi gnat &@ b§e¢¢n§cgﬁﬁgfqr@hiq pitch designating section that designates

a pitch of a tone to be generated; a section that, when a
transfer from the first waveform to the second waveform is
instructed, performs control such that the first waveform and
the second waveform are read out with the third waveform
15 inserted_'therebetween; a section that generates control
information to control a time over which the third waveform
is to be used; a control unit that designates, in response to
passage of time, discrete locations of at least part of the
third waveform to be read out from the waveform memory with
20 a time axis of the third waveform data controlled, by the
control unit, to be stretched or compressed in accordance with
the control information; and a readout section that reads out
the waveform data from +the waveform memory at a rate
corresponding to the pitch designated by the pitch designating
25 section, wherein the third waveform data are to be réad out,
the readout séction reads out the third waveform data at the
locations designated by' the control unit at the rate

corresponding to the designated pitch.



at a rate corresponding to the pitch designated by the pitch

15
desi gnati ng section. By performng the control for stretching and
conpr essi ng readout | ocations in a desired portion (whole or part) of
t he’ waveformdata along the tinme axis independently of the control
of the waveform data readout rate (pitch control of the 20 generated tone)
to thereby optionally control a tone- - 2peproducing or tone-generating
time length of the desired portion, the present invention achieves a
vari ety of variations of a tone waveformso as to permt tone
generation an@heopresemt ginvgntiamhaheedpeRpidesi én ane generating

controllability 25 that have never been achieved to date,

For exanpl e,

by sel ecfeviyca which F&“ﬂr&?esf'al Pl HRTRFRFH N MEmATe hpgdngs grored
- generated tope as.the dete ned | erat in perlo t he
present inveRBf ﬁlﬁcﬁﬁgﬁggqg F%t? \éﬂ??éi] 16" daveorm; %Eh

okt i ¢ oSkt GnbEiSg "SUEEON AR CHERLRLLANC CORITLAL | AYLALTEy bo

control with én XPressron an con

u5|ng

the tone

control 'Qfogaﬁéfﬁeeao Ea@éﬂﬁﬂb&x%359l%éﬂérgﬂ%érEontroltHﬂ%dfﬂﬂgﬂbﬁﬁ ihhe

generated to e present Invention c reely control

generating tbaﬁréﬁﬁaﬁbenbéd@ﬂ%ﬁdﬁnﬁfédeter%hnbheg@ﬂ#ﬂhllﬁbﬂéﬂﬁéﬁé&éﬂiﬁ@
desi gnated note length or the [ike. According to still another .

aspect of thpepiederd contridlvﬁh&rtoﬁha't: hbs$i grsa a9y iide degpbnse goNeassade
device which 10 conprises: a waveform nenory having stored therein
wavef orm oflatime{ diptueik- dpchtinasebdr hea wavedomie slapmttoigoes eceadn

that designates a pitch of a tone to be generated; a color

desi gnati ng

secti on t hatowbsfremtidhe yavgforpmenary siidh @ bame axgsnef athe; wavetermon

t hat genféates control information

data controlled, by the control unit, to be stretched or
compressed in accordance with the control information; and a

readout section that reads out from the waveform memory the

. waveform data at the locations designated by the control unit

15

20

25

at a rate corresponding to the pitch designated by the pitch
designating section.

. By performing the control for stretching and compressing
readout locations in a desired portion (whole or part) of the
waveform data.along-the_time axis independently of the control
of the waveform data feadout -rate (pitch control of the
generated tone) fo thereby optionally control a tone-
reproducing or tone-generating time length of the desired

portion, the present invention achieves a variety of

variations of a tone waveform so as to permit tone generation

and tone control with enhanced expression and controllability
that havé never been achieved to date. For example, by
selecting a rising portion, falling portion or the like of a
generated tone as the predetermined partial tone generating

period, the present invention achieves a variety of variations



15 wvarying in a manner corresponding to the col or designated by t he
col or designating section, in response to passage of tine froma
tone-generation starting point; a control unit that designates, in
response to passage of tine, discrete |ocations of the waveformdata to
be read out fromthe waveformnenory 20 wth a tine axis of the waveform
data controlled, by the control unit,2f10 be stretched or conpressed in
accordance with the control information; and a readout section that
reads out fromthe waveform nmenory plural cycles of the waveform data
correspondi ngft @ t hiengeNayefaem c6RBr eXequteyt £0PEr reepRFRFIRR 28d (BOR@e
pitch designated by the pitch designating, section, wherei n the readout
section readSoptrol neitherbenred: axpresfion and qeoRtrptlail{Féat e b5t he

control unit gt the rater o1 SYeLEsRRLLd QbNnesianated ey e

pl ural -cycl e e tQred.in f MepRL Y, 's.?pgg_ o) t
| east two diF¥@§8%§£€%ﬁ0§£ g%% ?%ﬁgg%g¥§oﬁéﬁé’ |%f%§%%ﬁ?%nl or'gﬁgﬁa%aﬁ
| cast {Wosdi bEEEPPlcsRtAbP 1t AR GRMerat ing! cdib SORGEN AR Senderttly
By selectively generating time-axis stretchi ng/ conpressing control
~information g &nbi PRUEH, YD ShefaehLty St Cal Besignate@onddier e aidth or
i nformati on designating a tone color or the | 'ke, the present

i nventi on acthevkska.variety of variations of a tone waveform
corresponding to the designated tone color 10 or the like and thereby
create, through tRecordéngxi tocostidl, anothervaaspegtofofiaveier present
vari ations from waveform data of just one plural -cycl e waveform
Accor di ng tolByeptianet heeraspecProvidrd g done genergtinchtdesnice Herich s

provi ded tone generating device which 15 conprises; a waveform nenory
havi ng s%areﬁo?ﬂg+§?ﬂ:vagPUFWPrm memory having stored therein waveform

data of a plural-cycle waveform; a pitch designating section
that designates a pitch of a tone to be generated; a colbr_
designating section that designates a color of the tone to be
generated; a section that generates control information
15 wvarying in a manner corresponding to the color designated by
the color designating section, in response to passage of time
from a tone-generation starting point; a control unit that
designates, in response to passage of time, diécrete locations
of the waveform data to be read ouf from the waveform memory
20 with a time axis of the waveform data controlled, by the
control unit, to be stretched or compressed in accordance with
the control information; and a readout section that reads out
from the waveform.memory plural cycles of the waveform data
corresponding to the designated color at a rate corresponding
25 to the pitch designated by the pitch designating section,
wherein the readout section reads out the waveform data at the
locations designated by the control unit at the rate

corresponding to the designated pitch. Here, the waveform



data of a pIuraI cycle waveform a pltch desi gnating section t hat

designates a pitch of a tone to be generated; a section t hat generates
control information in real time during generation of a tone; a control
unit that designates, in 20 response to passage of tinme, discrete

| ocations of the wavef orm data to be read out fromthe waveform nenory
wth a time axis of the waveform dataggantrolled, by the control

unit, to be stretched or conpressed in accordance with the cont rol

informati on; and a readout section that reads out from 25 the waveform
menory the wastéovfnagplarsl tdyeleosviefitrm stodesl gnatbd wgvefern onemoty

~unit at a rate corresponding to the pitch designated by the pitch
- desi gnating $ecshaped for at lgast ﬂﬂﬂfﬂlﬁﬁeﬂﬁﬁﬁﬂﬁﬂiors anrthe ncopteol
- course of reproductlon

of a tone waiRfermatier fresehe atj&fstofwo dlﬁ@PFGPﬁsc?ﬁ€r§oh?r%ﬁrﬁ%ﬁe

stretching apd % g?re33|n wavef or m data along the tine axis in
real-time re$PoRd ?5e3§ APe&arfy changing control information and can

Lo stil1 “Enot her BRSREVE. o BERkERT IR SRR SR SPening conprgf RS "

~ tone -gener at Qﬂ?prls a sj,ored
t herein pIuréﬁﬂtFSY ereﬁ?t ot's mavg 3?n1§§¥g3§ ﬁ% %¥3PE¥£98 18

wavef or ns; aacé@t@éﬁéé Gﬁéhgﬁﬁkbﬂﬂa%ﬁeh'a@sﬁbﬁhtiﬁalQﬂ&k&%ibdldfﬂbfﬁtﬁb

t one to be generated; a waveform designating section that

- desi gnat es apykepethé pbhesertsSinveibich oidhieids & hearbeey abfMvariations
designating section sequentially switching the designated set to

anot her one of a heorsetwavefoms goryespondisgade thet designatéd teneiowmlonat
- generates control information; a control unit t hat designates, in
responsel@o pusthejdidfe endethdgrebyeexeate, through the time axis control,

a variety of waveform variations from waveform data of just
one plural-cycle waveform.
According to still another aspect of the bresent
invention, there is provided a tone generating device which
15 comprises: a waveform memory having stored therein waveform
daté of a plural-cycle waveform; a pitch designating section
that designates a pitch of a tone to be generated; a section
lthat generates control information in reél time during
generation of a tone; a control unit that designates, in
20 response to passage of time, discrete locations of the
waveform data to be read out from the waveform memory with a
time axis of thé waveform data controlled, by the control
unit, to be stretched or compressed in accordance with the
control information; and a readout section that reads out from
25 +the waveform memory the waveform data at the locations
designated by the control unit at a rate corresponding to the
pitch designated by the pitch designating section.

With this arrangement, even 1in +the course of



| ocations of the set of waveformdata, designated by the wavef or m

desi gnating section, to be read out fromthe waveform menory with a
time axis of the set of waveformdata 20 controlled, by the control unit,
to-be stretched or conpressed i n accordance with the control

i nformation; and a readout section that reads out fromthe waveform
nmenory the waveform data at the | ocatjzgons desi gnated by the control
uni't at a rate corresponding to the pitch designated by the pitch 25
desi gnating section. Thus, the present invention can performtone
control in reprcituctienm f wf her toner svavefommnnefhen pueseHsi dnyenHen | ne
axis stretch/ conpression of the waveform dat a.

- 24 - perfortus ditd mpntral iqr sigetghing and gompressing yaveform
invention, there is provided a tone generat iir:lj(_gmdevi ce which ri.ses:

a wavef or m gaks along dbe tadme; pxisyinerertstime WW%%F&"\%&I ly

ch s . . : .
o be goner MENGIPG (FPEFEGhe InTesmetien; wSibharate SPCPRE uavarare -
generat i section an ef enerated in a second one of
t he Lwo ki %’I’ﬂﬂﬁéﬁarb 1y r%eﬂa%%'?%&nggée’%%%?%&éection; a cross-fade .
synt hesis sectio C S - f adSeannt hefie S UGE t Rle asent
transfer occurs P%o(tr}rﬁ%%%%a\%?or% a]t§a gener at ed inecqthe fi rsék&ch;r?nel

to the wavefgirataish Jepkepd eflsi préveas@candone fg@ﬂé&ﬁ&ﬂi‘nga ddwisie amitatol
section that sequentially instructs t he waveform generating section to

gener at e addidmp¥ides: aVarBicfopntanembayi hgvingopstaresd ithegeinamlural
controls the 15 cross-fade synthesis section to execute the cross-fade
synt hesi s f aliffeassnoksas rat poak forn date dfmjiural-atele wavRiRinsns
wavef orm data; and a second control section that,

10 pitch designating section that designates a pitch of a tone
to be generated; a waveform designating section that
designates any one of the sets of waveform data, the waveform
designating section sequentially switching the designated set
to another one of the sets in response to passage of time; a

15 section that generates control information; a control unit
that designates, in response to passage of time, discrete
locations of the set of waveform data, designated by the
waveform designating section, to be read out from the waveform
memory with a +time axis of the set of waveform data

20 controlled, by the control unit, to be stretched or compressed
in accordance with the control information; and a readout
section that reads out from the waveform memory the waveform
data at the locations designated by the control unit at a
rate corresponding to the pitch designated by the pitch

25 designating section.

Thus, the_presént invention can perform tone control in

an even further diversified manner on the basis of the time

axis stretch/compression of the waveform data.



after conpletion of the cross-fade synthesis by the cross-fade

synthesis section, controls designation by the waveform 20 designating
section in such a manner that the waveform data havi ng been so far
generated in the second channel are generated in the first.channel and
t he additi onal waveform data are generated in the second channel.

In the case where waveformdata to be cregs-faded 25 sequentially change,
thé present invention can fix the cross- fadi ng (fading-in and
fading-out) direction in each of the first and second channels so that
a transfer al waysaamerding tof retilhe amvidier masmestf athe the sPrasantel
to the waveform

. -25- ata of

the second chaendtion, \Wheére his preeidedent tope generatipgsdgvdce 8"%’1‘3! a
functional waveform of cross-fading coefficient faor. each of the
channel s anCaMEHERE T ad | eyedorm  gePRRREIRTOf SERELPR N I hal ISRRFSF S

5 According to _still another spect _of . the, Dpresent .

i nvention, tYR¥REQEM GadA d&y tHo SHEnBEﬂér a?i"ﬁ%v%%%%edﬁji%ﬁae&ng S %es:
a wavef or mor y. havi ng stored ftherej f f I oy cl e
wavef or rnE[’n ar%f"‘lfc RIS n"ba‘éee%: %nd&g\@ﬁﬁ ?e%r}egrré}taééf lgI p%l tflcg:?i'hllgc}?1 A tone

to be generalpdiygd vHYCLbHnall s QA iPefBFh! gEnbPat1dgSisatAiion diil

response to passage screte locations of the waveformdata to

be read cf&AN Bheavavee NyERERE el tih dat bBBoAdi e ohethevefww m
data controlled to be stretched or conpressed, so as to identify first

wavef or m dat@nain&lk r 8t [ohaleqphgasdes Igeneirating Ifectibrecendcnwseffade
data at locations following the currently designated | ocations; a

readout sectswithidmsis rseadd couthatrexecutes nrossrdasiersypibepist sechithat and
second waveform data desi gnat ed b;/l t he wavef orm designati ngdsqicr:lt i&{\é to
output th@ a transfer occurs from the waveform data generate
| first channel to the waveform data generated in the second’
channel; a first contrql section that sequentially instructs
the waveform génerating section to generate additional
waveform data having an optional_length and controls the
15 cross-fade 'synthesis section to execute the cross-fade
synthesis for a period corresponding to the length of the
additional waveform data; and a second control section that,
after cdmpletion of the cfoss-fade synthesis by the cross-fade
synthesis section, controls designation by the waveform
20 designating section in such a manner that the waveform data
having been so far generated in the second channel are
generated in the first channel and the additional waveform
data are generated in the second channel.
In the case where waveform data to be cross-faded
25 sequentially change, the present invention can fix the cross-
fading (fading-in and fading-out) direction in each of the

first and second channels so that a transfer always occurs

from the waveform data of the first channel to the waveform



first and second waveformdata through first and second 20 channels,
respectively; a cross-fade synthesis section that al ways executes
cross-fade synthesis such that a transfer occurs fromthe first

wavef orm data supplied through the first channel to the second waveform
data supplied through the second channel; a control unit that after
conpletion of the 25 cross-fade synthesig by the cross-fade synthesis
section, control s designation by the waveform desi gnating section in
such a manner that the waveform data having been so far generated in
the second almtrenedf athegaesmomdedchanngk. fi Wgth this arrangement, it is

- 26 - channel and waveformdata at new | ocations controlled to be
stretched orpassiltlessep r ik i v tBngtdanstlat Wyeigrm hof  cragssdafing
wavef orm data are generated in the_second chanpel . V t hAthi

ar rangenent ,coef Herkent Hr 1 BRCR| AE- IRPs ChaBmEEFePE‘H/ gmlagé’s?%ﬁ A arsccﬁ of
the readout |ocations o m df‘éﬁn. the present invention

[ t.he Wavqejeor
achi eves suciPTRig of the h%‘fmeo‘\’/? sw?%?_ a stoot h wavef orm vari ation
based on cross- %?coi-gfiﬁgsy’% heéJf):FllAl el I@géé/cﬂ; 0 df€ the present

above- nmenti oned, S possible to fix a functional waveform of

cross-fadi ng; A0+ £38f f {kb Ot 1 £0pr83che8S at I%@néh?@h@r%t@h@ ideRsiRIY which
facilitate ormati on of the functional waveform Accordi ng

to still anqidifpr £S5t a OfatvrBEopmEMBbry haviingesitored tihereirs wavefao a
tone generating device which conprises: a waveform nmenory having

st ored t her edacaeyefrpluddl - cpdbe ofave fvrmala @ictah iesignating meagtion
desi gnating section that designates a pitch of a tone to be generated,
a wavef orm thatielsignates seqitoh Kfae teveghatbs, generatednse WaV9&dhge
of time, discrete |ocations of the waveformdata to be read out from
t he wavet@r ndesianating hsectiae thpt desigpakgver dPmresponse to passage

of time, discrete locations' of the waveform data to be read
out from the waveform memory with a time axis of the waveform
data controlled to be stretched or compressed, so as to
identify first waveform data at currently designated locations
15 and second waveform data at locations following the 'currently
designated.locations;'a readout section that reads out, from
the waveform memory, the first and second waveform data
designated by the waveform designating section, to output the
first and second waveform data through first and second
20 channels, respectively; a cross-fade synthesis section that
always executes cross-fade synthesis such that a transfer
occurs from the first waveform data supplied through the first
channel to the second waveform data supplied through the
second channel; a control unit that after completion of the
25 cross-fade syfrt:hesis by the cross-fade synthesis section,
controls designation by the waveform designating section in
such a manner that the waveform data having been so far

generated in the second channel are generated in the first



20 data controlled to be stretched or conpressed, so as to desi gnat e
first waveformdata at current | ocations and second wavef orm dat a at

| ocat:i ons havi ng been controlled to be stretched or conpressed relative
to the first waveform data; a readout section that reads out, fromthe
wavef orm nmenory, 25 the first and second waveform data designated by the
wavef orm designating section, to outppg the first and second waveform
data through first and second channels, respectively; a cross- f ade
synthesi s section that executes cross-fade synthesis such

- 27 - channalt andseveformr daftaoatomewfladetiianssicameralleshdto be
wavef orm data supplied through one of the first and second . channels to
anot her of t#&ErereRedar seeBRECRESR! Fakaddive tRdthe locakiens &@fi ttheat

when, after conpletion of the cross-fade 5 synthesjs by the cross-fade
synfhesiS'seﬁ?ggﬂ, Yﬁgegﬁ§@f§?ﬁ? ared@?PSﬁQFFﬁg1§e%bﬁoﬁé88§§gﬁ 2oy ef or m
data at |ocations,. havi e co l[led t Letch or ed
rel ative to tw%tpocg?%%g§£%$£§$%£%%€bndghaggggP%# g@é,%ggntF%ﬁ€P5§fé

desi gnatn Dkriben PENRHRCELEGA! BALLRY BECAN dbethAl) ool JRANSE Lhe!

t he second wavefr or contrnue to be outputte e readout

section throygfefosdM8atBe &hd Erdddtt @AFentiofCGeRd eBaNRRIGH aSohevrbd
been so far used and the waveform data at the new |l ocations are

out putted bythét paoeiDdés SESH i Bmooth haveFdranohieatabnt basédrch ansss-
second channel s and al so 15 changes a cross-fading direction in the
cross-fade sfaddesynthesisect Adiso, similarly tto tthes abowargemrmeriqned), it
perform ng the time-axis stretch/ conpression control of the readout

| ocati ons ofish@ossibiegyetor figata, funectionadntwave€orm opfactiesesfading

control 20 that provides for a snooth waveform vari ation based on cross-
_ 10 coefficient for each of the channels and thereby facilitate

formation of the functional waveform.

According to still ‘another aspect of the present
invention, there is provided a tone generating device which
comprises: a waveform memory having stored therein waveform

15 data of a plural-cycle waveform; a pitch designating section
that designates a pitch of a tone to be generated; a waveform
designating section that designates, in response to passage
of time, discrete locations of the waveform data to be read
out from the waveform memory with a time axis of the waveform

20 data controlled to be stretched or compressed, so as to
designate first waveform data at current locations and second
waveform data at locations having been controlled to be
stretched or compressed relative to.the first waveform data;
a readout séction thaf reads out, from the waveform memory,

25 the first and second waveform data designated by the waveform
designating section, to output the first and second waveform
data through first and second channels, respectively; a cross-

fade synthesis section that executes cross-fade synthesis such



fade synthesis. Finally, according to still another aspect of the
present invention, there is provided a tone generating device whi ch
conprised: a waveform nenory having stored therein 25 waveformdata of a
plural -cycle waveform a pitch designating section that designates a
pitch of a tone to be generated; a control unit that designates, in
response to passage of tine, di scretey lLocations of the waveform data
to be read out from - - 28- t he
waveform nmenory with a tinme axis of the waveform data controlled, b

the control it , at cremssfart obedrsr from conpr exfsethea fiaady oﬁﬁﬂdéﬁf{ﬂm{i ng
section that, in response to designation by the control unit,

desi gnat es avdvefgrmpadata5supplhedndhaouolm eneh of toaer EArstoeRd GRC a
second part of the waveform data at, | ocations foll ow ntg%t he,current

| ocati ons wrhennelks e enother afcthe fikith and FECRBRINRY T /" data; ‘ahd
designates the first part of the waveformdata at curre i and
a second par? SAPEFRL WREF RAHINEY 35S | ale_L*Ompnr e@cﬂ:te(ﬁhr?g C%I%}aécu%%nt
| ocati ons_when conpyessiopn of th ta g b nd
desi gnat €3 ag%'éﬁéer%’aﬁ tSby @h%f Cr Rgsﬁé\"‘}#ﬁ%ﬁ‘gg‘%q%t %gl?r% P tgri\)lt’ ﬁ:cﬁ%é;fba%ﬁ

first and Se&@&dqréa¥%19%r Leflible dd@% HdalavekermnAdHer ast rRisdt {vts

conpr essi on e execut ed; eadout section that reads out from

the 15 wavelnr iRy dditddiidd aedbecsendtenel 6f ddifpressddrrelistive
designated by the control unit at a rate corresponding to the pitch

desi gnat ed byot ki tLeBadesngnabFngtlse cisepvndandageformcrdataf admorstarolesi s
section that executes cross-fade synt hesi s such that a transfer occurs
fromthe firdéspgtatidn BE ttte wiareéformddesigoathiogs &sakiqmrinosudhe a
wavef or m dat a. - Wth this arrangenent, the Er_esent i};\veonlhi: Othted
achi evesl0 manner that the second waveform data con inue to be P
by the readout section through a same one of the first and
second channels as having been so far used and the waveform
data at the new locations are outputted by the readout section
through anbther of the first and second channels and also
15 changes a cross-fading direction in the cross-fade synthesis
section.

With this arrangement, in performing the time-axis
stretch/compression control of the readout locations of the-
waveform data, the present invention achieves such control

20 that provides for a smooth waveform variation based on cross-
fade synthesis. |

Finally, according to still another aspect of the
pfesent invention, there is provided a tone generating device
which comprised: a waveform memory having stored therein

25 waveform data of a plural-cycle waveform; a pitch_designating
section that designates a pitch of a tone to be generated; a

control unit that designates, in response to passage of time,

discrete locations of the waveform data to be read out from



such control that provides for a snooth waveform variation based on

cross-fade synthesis. In addition, even when no time-axis stretch or
conpression is to be carried out, the 25 present invention is allowed to
perform cross-fade synthesis . bet ween sane waveform data read out
through the first and second channels to thereby prevent occurrence of
time-axis stretch or conpression af gghe waveformdata. In this manner,
- 29- the present invention perforns the cross-fade synthesis at any
time only "apparently”. As a result, the present invention can be

construct ed #he ummafbtmomamby‘yp@nﬂm mthemer exd-sf afe the yaNeRezms déttaany
time and thus can elimnate the need to *5 determ ne, in conside at on of
contents of corntnelled,s by sth%tcﬁ?@ﬁﬁ%%esgpbﬁrcoﬁ?ropepaﬁ%ﬁﬁ

or not the cross-fade syntheS|s shoul d be effacted. Thi rr. Qgﬁgt
can si grﬁquz'"d#ﬁE’r%ﬁ %l"fﬁiﬁ Qrm deRigngidig % S e I%}%

Foaruros  Eodagkamptian by nbbh: PORCE Dhou §P§'r2??§%géﬁa‘?8 B R I e
'”Ve”t'onr\rb""'rgﬁ %?%?‘géféfgﬁﬁlagagrsgt 8&9&&@ lloEEItQWn 4 BRa o deRichiciird 0

the acco ngs I's a bl ock diagram
| |1 ustrati ngyan Quel plbe fEHHP daltn Oatam@é@ﬁdxwl EoTuBaRy | TRéT WRftert
which is app a tone generating technique based on tine stretch and
conpr ess 16t {ishs when steeitcdl of the wavefdrdn) datd Ssatdlise lexbagrein

illustrating details of a wavef orm generating section of Fig. 1; 20
Fig. 3 is a gssidnatésisthet ifdalst ghawt ngfa thenneaveform dabaclt uzgRniess
i s advanced over time in a waveform nenory
locations and a second part of the waveform data at locations
10 preceding the current locations when compression of the
waveform data.is to be executed, and designates a same part
of the waveform data at current locations as first and second
part of the waveform data when neither stretch nor éompression
is to be executed; a readout section that reads out from the
15 waveform memory the first and second part of the waveform data
designated by the confrol unit at a rate corresponding to the
pitch designated by the pitch designating section; and a
cross-fade synthesis section that executes cross-fade
synthesis such that a transfer occurs from the first part of
20 +the waveform data to the second part of the waveform data.
with this arrangement, the present invention achieves
such control that provides for a smooth waveform variation
based on cross-fade synthesis. In addition, even when no
time-axis stretch or compression is to be carried out, the
25 present invention is allowed to perform cross-fade synthesis
between same waveform data read out through the first and

second channels to thereby prevent occurrence of time-axis

stretch or compression of the waveform data. In this manner,



during conpression control based on the TSC control along the time axis
of waveformdata according to the present invention; Fig. 4 is a
graph illustratively showing a manner in 25 which the address is advanced,
over-time in the waveform nenory during stretch control based on the
TSC control; Fig. 5 shows exenplary manners in which the absolute
- 30- time length of the original wawetormis stretched and

conpressed along the tine axis; Fig. 6 is a diagram show ng ot her
exenpl ary manners in whi ch various waveformcontrol is carried out by
appl yi ng t hethes p8Sendninventioncpentiorns the eresgsfade synthegig aty gny
fl ow chart iIIustrating a step sequence for creatin%_wav%fqrnld ta to
be stored i rtime onlef epperemtlysi As pj gesplt, the pregept dnventiqn,,

hart illustrati t f | Ni j
Gata di vi si GHAP (NP (GRASCRIGERIL TG Rt R e e ST RO Ry e
nmenory; Fig. 9,1 dj ' I ]

St or age for AT bSO nFBRoAyD ChU | ah E1THIS, SindTRERL"

diagram SN OG-SIEIP! Ay Wliideratidd) W CHohBEnt@yebe! 18 dalhdlidkis

stored in"the wavefr or'm nenory nd the waveform data are divided into

data divi si o0sdQh /comp PSSR NeoRrBeS §Sarameter, wheghetl d5 fokl Gthe
chart illustrating an exanple of a main routine in a processing program

run by a condy@dslfide @yntHediisshbuld be effected. THissaardhgemeirardan
illustrating an exanple of a key event process carried out i-n key
SWi tch processgmfidaktly 1lsimplify  tHey. I1Be¢essafyow cpatrol and
illustrating an exanpl e of

construction.

10 For better understanding of the above and other features
of the present invention, the preferred embodiments of the
invention will be described in greater detail below with
reference to the accompanying drawings, in which:

Fig. 1 is a block diagram illustrating an dverall setup

15 of an electronic musical instrument to which is applied a tone
generating technique based on time stretch and compress
céntrol (TSC) control:;

' Fig. 2 is a block diagram illustrating details of a
waveform generating section of Fig. 1;

20 "Fig. 3 is a graph illustratively showing a manner in
which the addreés is advanced over time in a waveform memory
during compression control based on the TSC control along the
time axis of waveform data according to the present invention;

Fig. 4 is a graph illustratively showing a manner in

25 which the address is advanced. over time in the waveform memory

during stretch control based on the TSC control;

Fig. 5 shows exemplary manners in which the absolute



performance operator processing of Fig. 11; 25 Fig. 14 is a diagram

of a nodification of the TSC control where virtual read addresses are
generated by a virtual read address calculator of Fig. 2 with a

nonl i near characteristic, showi ng an exenplary manner in which the
read : - 31 - addr esses advance
over time in the waveform nenory when _ ggcaenpression control is to be
execut ed; Fig. 15 is a diagram of another nodification of the TSC

~control where the virtual read addresses are generated by the 5 vij rtuaél
read addr esstioms cllemghh obfFi ghe? erigimaponvaveferm ighaftratghed an
showi ng an exenplary manner in which the read addr esses advance over
time in the cenpgessateknd (¥ time RXE8ch control is to be executed;

Fig. 16 is a diagramof another nodification of.the TS 1 I | ch, -
when a pitch of aFi®nebtdSpd GEAGraMmeFPPYing OFPeL F\’/‘?fc"flﬁggh?“%glté’r c?’r\rlér@'l

control to stretch stored waveform ta.a :LRCAGd I ISP @ to
keep a tot aIWchﬁ*b-varlourseﬁ"raé’ﬁcolrr'Pg copt %ﬁe-ﬁg?eln:%?gf'léﬁgm#[%l g‘%gt%r%)
substantial | OAst : ' A&y manner in which the read
15 addre§se%s(s% v%r?\ce O\?g(} ¥$§£&éﬁg?ﬁgwﬁg§/e ormyrrermry during the

stretch control; pig. 7 isFhiOF1dW dfaft H POISERSEir] Id |stRippid@fuence for
nodi fication of the TSC control which, when a pitch of a tone to be

generated cré&timy aldwsiorh Gatead berstogetr bh the coapefosn Siemay D
wavef orm data along the tine length so as to keep a total

t one- gener atFiyg. t2e [ ength substantially constant, show ng an

exenpl ary manner in which the read addresses advance over time in the
wavef orm nenory dBigng8t he sofppwsshantcadinpstrating a step; gequgnce of

di agram of still another nodification of

10 a process for defining (marking) data divisions in the
waveform déta to be stored in the waveform memory;
Fig. 9 is a diagram schematically showing an exemplary
storage format in the waveform memory;
Figs. 10A to 10D are diagrams showing exemplary manners
15 in which the waveform data are stored in the waveform memory
and the waveform data are divided into data divisions for
management purposes;
Fig. 11 is a flow chart illustrating an example of a
main routine in a processing program run by a control unit of
20 Fig. 1:
Fig. 12 is a flow chart illustrating an example of a key
event process carfied out in key switch processing of Fig. 11;
Fig. 13 is a flow chart illustrating an example of
performance operator processing of Fig. 11;
25 Fig. 14 is a diagram of a modification of the TSC
control where virtual read addresses are geherated by a
virtual read address calculatgr of Fig. 2 with a nonlinear

characteristic, showing an exemplary manner in which the read



25 the TSC control which varies over tine, illustratively show ng
advances or variations of virtual read addresses and act ual r ead
addr esses when periodi c or non-periodic nodul ation control is to be -
carried out by the TSC control; ' -
32 - Fig. 19 is a diagram show ng an exenplary storage fornmat

of waveformdata for a tone in the wavef @m-nenory; Fig. 20 is a
flow chart illustrating another exanple of t he perfornance operator
processing; 5 Fig. 21 is a block diagramillustrating a nodified
overal | set igiddesses chdvencei coveri ddime nipr (eht wavefpgm jmemory wherng; g
22 is a flow chart show ng an exanple of a M DI | nput event process
that is car reaprRasign LOobIignte Pe exegkeds Fig. 21, 10 ‘Fig.

cartied out by tIBiGors ofs hidLaTRet S A Hoaiey AP HS HHe dhe
chart show n n I f, g - ¥ I : '

Chat is car FRIFERE Wpamane’ vigter reghl HBaFERLER! 508! Galdratia dy RIR oS
s a 1o Cha e el 809 20aBXALR! Ralbudtor dfUPIGUPE RISACES ndrldidaig tO

i dentification Oof a perfornmance style, that is carried out by the

control unitopdrdd@erfdtic, showing kil exétplary Mangesnishavicly themsEas of
wavef or m dat a stored in corresponding relations to performnce styles;

20 Fi .addréssds diadgianites howeng temenphiar ythenmave form\hnemory when
waveformis read out when a slur perfornmance is to be  effected;

Fig. 28 is astietpncahtmohglisxtopbargxeenbeds in which a waveformis
read out when a pitch bend performance is to be 25 effected;

Fig. 16 is a diagram of another modification of the TSC

10 control which, when a pitch of a tone to be generated is .
relatively high, performs contrdl to stretch stored waveform
data along the time length so as to keep a total tone-
reproducing or tone-generating time length substantially
'constant, showing an exemplary manner in which the read .

15 addresses advance over time in the waveform memory during the
stretch control;

Fig. 17 is a diagram of still another modification of
the TSC control which, when a pitch of a tone to be generated
is relatively low, performs control to compress stored

20 waveform data along the time length so as to keep a total
tone-generating time length substantially constant, showing
an exemplary manner in which the read addresses advance over
time in the waveform memory during the compression control;

Fig. 18 is a diagram of still another modification of

25 +the TSC control which varies over time, illustratively showing
advances or 'variations of virtual read addresses and actual

read addresses when periodic or non-periodic modulation

control is to be carried out by the TSC control;



Fig. 29 is a block diagram schematically show ng an exenpl ary

arrangenent of the waveform generating section of Fig. 1 or 21 in a
case where an optional conbination of all _

- 338 - or sone of several cross-fade nethods is enployed in
accordance with a "ratio of stretch/conpression relative to a standard
reproducing time |ength" as another emhodyzrent of the TSC control; 5

Fig. 30 is a block diagram show ng a detailed exanpl e of a waveform
menory reader unit shown in Fig. 29; Fig. 31 is a diagram

expl anatory of a Ibgi AT drceptiiegran shhwilgGe @rewlary StoTRgRfozmpat
exanpl e of Fig. 30; Fig. 32 is a diagram showi ng a manner in which

cross- 10 dfdmwfotegata sfonraiteneuin bERecERAVOEQER JREMOEY A regi ons
read out in first _and second cross-fadi ng channel s acco TSC
control of Fig. 3J0ig. 20 is aFfJgow’o‘?}"?’é A uRy ’%ﬁﬁ Ibg%arﬁﬁa&m}% hers

I n which vvaveform data incl udj attack and | oop portlons are stored
15 and read Bf ’fﬂ'?’fbc? PRFES REPTTBF Y Fig. 30; Fig. 34

s a d'a am sho urLgR, O Li8RRCCh dfram 19ANADLR 18y ShT Gy 41

nor mal and co processes carrie lby an address

cal cul ator &1 he eTkBtrdnitSmé %&Wﬁﬂé@i‘ﬁh&ﬁﬁt@fwﬁ

manner in V\hﬂ;cAﬁ:f %1 pa(?dfré:sse gal cul at (J)'r l(Ijle'fqerm nes which of the stretch

(S, normal (M gang2canPrL£ssien Chhrk! IRVESY idh te@xdRpIar bfed MEDI

Fig. 36 is a. di agram expl anatory of the control of Fig. 35 1in a nore

general i zed ;[mmerevéhev\ﬁpi@céswnﬂ&it i Dswehtiried outheébycauaiondaddlesmits

al l owed to nove back or junp forward by 25 two periods; Fig. 37

I's a di agr amslsdvawi 1xy Biglet2lt ed exanpl e of the
| 10 Fig. 23 is a flow chart showing an example of a note-on
process that is carried out by the control unit of Fig. 21;
Fig. 24 is a flow chart showing ah example of a real-
time control data reception process that is carried out by the
control unit of Fig. 21;

15 Fig. 25 1is -a flow chart showing an example of an
interrupt process, relating to identification of a performance
style, that is carried out by the control unit of Fig. 21;

Fig. 26 is a diagram showing examples of waveform data
sfored in corresponding relations to performance styles;

20 Fig. 27 is a diagram showing exemplary manners in which
a waveform is read out when a slur performance is to be
effected;

Fig. 28 is a diagram showing exemplary manners in which
a waveform is read out when a pitch bend performance is to be

25 effected;

Fig. 29 is a block diagram schematically showing an
exemplary arrangement of the waveform generating section of

Fig. 1 or 21 in a case where an optional combination of all



TSC control of Fig. 30 when tine-axis stretch/conpression rati o CRate

s 1.5; : - 34 - Fig. 38 is
a diagram showi ng a detail ed exanple of the TSC control of Fig. 30 when
time-axis stretch/conpression ratio CRate is 1.0 for reproduction wth
an origi nal reproducing tine length; 5 Fig. 39 is a diagram

showi ng a detail ed exanple of the TS@zcentrol of Fig. 30 when tine-axis
stretch/ conpression ratio CRate is 0.75 for reproduction with a
stretched reproducing tinme |ength; Figs. 40A and 40B are ,

di agr am showmg somenplcf v seMenal | aasssfadest matgdsongfes $BH YR o ifsed
in the TSC control of Fig. 30

f ,30; ;%gs. 41A to , 41F are rﬁgq%}
showi ng examsieardsnas mikkea "ratiei afi SHTEACPEFREPEESELRTY 5@16'58‘3 tet s
that are stored in tables for use in the TSC control of the. t

i nvention; asstandand geprpduging KEng g"ed}ga%s %sn&ﬂoﬁglegxaer?;ﬁoé%sl%esﬁe%f
timewi se - vari ion_$at erns of control paraneters.that are generated
in a broken-T$eEYr HFPYIXY manner for use in the TSC control of the

pr esent igvent [ ong 30 is a“bﬁ%ck”’ﬁﬁ?@?ﬁm”’éﬁo@iﬁgdéaﬁﬁ@lé@m%ﬁ(wl es

of tone 0 col or' €dhtTol usi ng any o e timew Se variation patterns of

the TSC conty Ql N2 SR HEmSSy SRQYel Nufti €Sshdun ald ’t@%i eagh showi ng an
a

exenpl ary arrangenent of a control information e corresponding to a
given tone color;rfhd 31 is a dibggamdéxpianakbegk odi agbanichmunupemEn of
exanple of an 25 overall hardware setup enployed in a tone generator based
on conpgherTSOfdov@trol in the detailed example of Fig. 30;
Fig. 32 is a diagram showing a manner in which cross-
10 fade synthesis is carried out between waveform data regions
read out in first and second cross-fading channels according
to thé.TSC control of Fig. 30;
Fig. 33 is a diagram showing exemplary manners in which
waveform data including attack and loop portions are stored
15 and read out according to the TSC control of Fig. 30;
| Fig. 34 is .a diagram showing a sum-up of.respective
contents of stretch (S), normal (N) and compression (C)
processes carried out by an address calculator of Fig. 30;
Fig. 35 is a diagram explanatory of a manner in which
20 the address'calculator determines which of the stretch (S),
normal (N) and compression (C) proceéses is to'be carried out;
Fig. 36 is a diagram explanatory of the control of Fig.
35 in a more generalized manner, showing a manner in which
the actual address is allowed to move back or jump forward by
25 two periods;
Fig. 37 is a diagram showing a detailed example of the

TSC control of Fig. 30 when time-axis stretch/compression

ratio CRate is 1.5;



[ General Description of TSC Control] ' -
35 - As will be described in detail hereinbelow, the present
i nvention is designed to execute tine stretch and conpress control
(hereinafter referred to as "TSC control ™) for reading out waveform data
froma waveformnmenory with the time-axis I|ength stretched or conpressed

within optional limts, independently ofggnarmal pitch control of each tone
to be reproduced, to thereby control characteristics of the tone freely
and variously. Fig. 1 is a block diagramillustrating an _overal

setup of an el e@i@ni28nisi aaliagsemusboving acdetaited wxempde of the
enbodi rent of the present invention, to which is applied a_ tone generating
t echni que baESgl contuoh TEC Ebei r 30. whemetimpsakisnStLAkSY QoMBrESSH#ht
conpri ses a keyboard 101A, a group_ of other perfornmance operators. lOlq_, a
group of setatip &RatR oris 1000 a ¥t FEPRAFUICHSE ¥ he Pen & uni t

103, a digital-to-anal og, converter (DAC) 104, a sound system 105, etc.
The. t one ger?"e‘?%‘f‘?ﬂ“q}rﬂq %@%%Wﬁﬁ’es a waveform generating section 111,

a tone vol une conty ol %gc%%og a#ggrgg %Rgh%ﬁ eﬁeﬁbstta‘?.ﬁ.eﬁl_%ﬁ%@iied% f1e

each of tOne gene Hin hannel’'s¥an accunul ating section 114.
Every Predei&t mpad, 53Mid NPiGYClad fiken | eEfle08REEAINIrdt/ ddiibraaaIRim! €S
S

t one wavef orm si gnal or the Tone generating channels on a tine

di vi si onal bagifo, atkaeddPliies of.gme wavefl peprodattionbtwi tied dy somtatent i ng
the thus-generated tone waveformsignals, to the DAC 104. The
keyboard 10llepredwstiasg atphelr Béngyhpof keys for designating pitches of

tones to be generated and may be in the formof not only a
conventional | y- knPigst ypdoal kedbo408 are diagram showing exemplary
10 variations of stretch/compression ratio used in tﬁe TSC
control of Fig. 30;

Figs. 41A to 41F are graphs showing examples of timewise
variation patterns of control parameters that are stored in
tables for use in the TSC control of the present invention;

15 Figs. 42A to 42F are graphs showing examples of timewise
variation patterns of control parameters that are generated
in a broken-line-graph like manner for use in the TSC confrol
of the present invention;

Figs. 43A and 43B are diagrams showing examples of tone

20 color control using any of the timewise variation patterns of
the TSC control parameter as shown in Figs. 41 and 42, each
showing an exemplary arrangement of a control information
table corresponding to a given tone color; and

Fig. 44 is a bldck diagram showing an example of an

25 overall hardware setup employed in a tone generator based on

computer software.

[General Description of TSC Control]



- 36 - but al so anot her suitable device, such as a M DI guitar device,
whi ch generates pitch designating data in accordance wth the M DI

(Musical Instrument Digital Interface) technique. The other performance
operators 101B include various types of perfornmance operators such as
wheel -type and pedal -type operators and joy stick. In response to player's
performance operation on any of the keybaw d 101A and ot her perfornance

operators 101B, corresponding performance information is generated in
real time and-then given to the control unit 102. |t may Q§Eg ortant to
note that such psfwikiarke dederihed oin feddidotharainhelqwy gﬁﬁﬁ‘?ﬂ%

Lt ot | cal 4o rim dReAanBiate: SRETHEFle HEeteh sadh cpbfess °
equencer, i d wth th DI _.techni Th fi .
100" nol ude GPIRERH ApeTRINaFkaT Fe RAFRtsEs hg Lo arBraL s b E LR’
itches. sli q i . . : : _
Telating tCeriavaromt dafe sronr s, ByPEGES Bonbey RiTh e Vi BiAs

cont rol unif%n&l‘lgg 4 ¥Eshed dPM%0 Sed NGyi ] I WtiBhd0 theniane

gener at or uni I n accordance wt performance information given from

any of the kﬁY@é’&?éﬁhérQ@ﬁr 8rd MR Pei Eeh MR reer &f obachl Hbmed toarbeus
setting information given fromthe setting operators 100. For exanpl e,

the control suptoditfed Whteh thegebgeconttdl dtadetisticot 0ér ther it al
circuitry, carries out processing in accordance with predeterm ned
prograns to frsekytand vaebeualyng i nstructions corresponding to the

above-nmentioned performance information and setting infornmatjon.
Mor e ' Fig. 1 is a block diagram illustrating an overall setup

of an electronic musical instrument in accordance with an
embodiment of the present inventionl, to which is applied a
tone generating technique based 'on such TSC control. The
electronic musical instrument comprises a keyboard 101A, a
group of other performance operators 101B, a group of setting
operators 100, a cqntroi unit 102, a tone generator unit 103,
a digital-to-analog converter (DAC) 104, a sound system 105,
etc. The +tone generator unit 103 includes a waveform
generating section 111, a tone volume control section 112, a
control register 113 provided for each of tone generating
channeis and a channel accumuléting section 114. Every
predetermined sampling cycle, the tone generator unit 103
generates tone waveform signals for the tone generating
channels on a time divisional basis and supplies tone wavefoi‘m
data, obtained by accumulating the thus-generated tone
waveform signals, to the DAC 104.

The keyboard 101A includes a plurality of keys lfor
designating pitches of tones to be generated and may be in

the fortﬁ of not only a conventionally-known typical keyboard



- 37 - specifically, in accordance wth the above-nentioned
performance information and setting information given fromthe keyboard
101A and perfornmance operator 101B, the control unit 102 assigns channels
to'tone generation and creates tone paraneters, so as to set the created
tone parameters into the control register 113 in association with the
assigned channels. On the basis of the3genre paraneters thus set in the
control register 113 in association with the assigned channels, the

wavef orm generating section 111 in the tone generator unit 103_generates
tone wavef ornst f el soheangicher| suisablre deVECR vE¥CHNRS b&si ¥IPT h@WidiF

vol ume control section 112 perforns tone volune control (including tone
vol ume envdeiceonttish ganerrter Ritgh feshonalding (??arﬂ?( of” taﬁ:é"mI%am:Qe

i ndi vi dual ch | s, d th I | ' '
e vol ume- GOV ol F26{ BAD LoV GRTIRE ! TREC uhdRR) £ gRelad afipimedy oo

et or .1 RS Enan B o SRR rig Rt e, CRFtREs Jfofer i ane

: I Wy chy nn accuml Tng sec I nto anal og tone

si gnal s, L.ch, 0 héhlde el

105. L e o e e L e o
the wavef or AP GSEEdtOFs 1ddd fofigbidk. Hie Mesimienge iEgens

section 111 1 ncludes a waveform nenory 10, which, for each of selected
tones, has psesteFmshddesgération! ohahhyyoff thet kegboardeflOla datdh wiher
plural -cycle waveformin association wwth a plurality of tone colors and
t onal char acperfctnascd e. qperdtaact ed0dB, cs deprespPerdbndt orRer FRARINGE or
not e ranges and nodul ati ng characteristics such as
information is generated in real time and then given to the
control unit 102. It may be important to note that such
performance information need not necessarily be given in
response to player's real-time performance operation and may
of course be automatically given from an automatic performance
device, such as a sequencer, in accordance with the MIDI
technique. The setting operators 100 include a display and
‘various data setting operators such as panel switches, sliders
and jog dials, which are used to enter various data relating
to setting and control of tonal characteristics.

The control unit 102 issues a tone generating
instruction to the tone generator unit 103, in accordance with
performance information given from any of the keyboardllolA
and other performance operators 10lB and various setting
information given from the setting operators 100. For
example, the control unit 102, which includes a CPU, ROM, RAM
and other peripheral circuitry, carries out processing in
accordance with predetermined programs to issue tone

generating instructions corresponding to the above-mentioned

performance information and setting information. More



- 38 - vibrato and slur). Key code KC and tone color information TC

i ndi cative of pitch or note range and col or, respectively, of each tone to
be generated are supplied, by way of the control register 113, to the
wavef orm generating section 111 for subsequent delivery to various
conponents thereof. Various information, such as the respective |eading or
start addresses of the individual wavef ggsndata prestored in the waveform
menory 10 is stored in, for exanple, a waveformdivision information
menory 15. By reading out given |eading address information using such key
code KC and gpesi fiatadkly nf odmat | apcondange pamwdidt erthe 3 ahove-mantionadie,

in the waveform nmenory 10, of one of the sets of the plural-c g}fe ef orm
data whi ch pectqmancs inforsiediioshapdctettng éé‘.fOr“ﬁéﬁa&“y?l"Fﬁ r?‘@%}%g
address information_read out. fromthe wavef or r}seci{kﬁé {nf or nt]j,OPur%_r@ry
15 is fed t KeybeaxdidOhh: 3pd,@erdormanse: gPET 816 t ethe TR A
ini-tial value of actual read dress RAD tQ ner at b al tor
16.- Then, tR? waFeiarm harng r%&d %%efggﬁgfﬁgg%ve orm&ﬁégngre%/ 1'%64%

accor dance V%l %rha n?ec'l%\lelcj) ’ rﬁ%&%é@%e%hwrgﬁﬂéﬁa{: f pSFAhdEerS MK €S Sthe

cal cul at or above-nent1 one paraneters for

sel ecting Wf%gﬁﬁféﬂ dafa i Oede repdl ol fAdUBdANPeiciay &fHN NEHET Yasidl gl be

ot her than ey code KC and tone color information TC, such as

i nformation dNmAEEed 00n el HasA Pasf Of@NE6ne Nparametersothust tdety in
i nf-or mati on. Fromthe control unit 102, the actual read address

cal cul ator lghéeeehtes]l Mmegisyterd 112 dontasdocisgiisirerwitl3, the mssigned
signal instructing tone generation (nanely, waveform generati on%, pitch
i nfor mati on ¢chahnelsyetbe piswsfans ogemeraning section 111 in the tone
- generator unit 103 generates tone waveforms for the channels
on the time-divisional basis, the tone volume control section
112 performs tone volume control (including tone volume
envelope control) on the generated toné waveforms of the
individual channels, and the channel accumulating section 114
accumulates the volume-controlled tone waveforms of the
channels and passes the accumulated result to the DAC 104.
The DAC 104 converts the digital tone waveforms from the
channel accumulating section 114 into analog tone signals,
which are audibly reproduced or sounded via the sound system
105.
Fig. 2 is a block diagram illustrating a detailed
example of the waveform generating section 111 of Fig. 1.
The waveform generating section 111 includes a wavefbrm memory
10, which, for each of selected tones, has prestored therein
a plurality of sets of waveform data of a plural-cycle
waveform in association with a plurality of tone colors and

_tonal characteristics (e.g., characteristics depending on tone

pitches or note ranges and modulating characteristics such as



- 39 - of a tone to be generated and ot her data. The pitch information
may be a frequency nunber corresponding to a frequency of the tone to be
generated, and well-known information or other information nay be used as
the frequency nunber. Basically, the actual read address cal cul ator 16
generates data of the actual read address RAD that sequentially changes at
arate (pitch) corresponding to the receggved pitch information. Thus, by
readi ng the sanples of the waveformdata fromthe waveform nmenory 10 in
accordance with the actual read addresses RAD, a tone can be reproduced
whi ch has a wibmite enesioni.ngkey chdepKEcand ftenpenaalny informgtiqn,dC
present enbodi nent, a virtual read address calculator 17 is provided ffor
use in the abulicative efepitrbcorcpateorangsHand ¢l rré%ﬁPeéﬁb"rvees]sY » ©

cal cul ator 17 generates, as virtual read addresg VAD, addr d

i ndi cati ng feash metr'FOa&gr geReIRE e PEPOF HPRAES s h‘@ma%& e g%?t%ta?la
current time point, i rder to.achi eve. desir Lag- axi tret '
conpr essi on gltsﬂ'eeﬁvagégor rﬁ%aggg VRS %‘“_eﬁgge}fé??‘e‘ é%&%ﬁﬁsg?%ﬁrﬁoé i 0

data SCR i nd'lggstebcﬂ?%%elsé%fﬂvé%}? 3%8 hyaflofil "PE)ﬁigShgﬂtrsatthQr%BQ.t h&7arious

above- nenti &h ni or na are supplied to the virtual read address

cal cul at or Jgnf% torl NS bRUERe Asspddtiia 1602ad ngddiestadadirss
data sequentially changing at a variation inclination or slope calculated

by modi fyi ngo hghadupaaaGuEIoPRavEepseRcabtd Mirddtored tih itheowatefoxmi t h
the stretch/conpression ratio data SCR  Mdul ating i nformati on MS based on
t he perf or nafgRotyf QONEd Ostosed dai,tifgri ekampdei,orm andvefoumhaiivision
information is supplied to a converting section 18, which, as necessary,
converts theinformation memory 15. By reading out given leading address
information using such key code KC and tone color information
TC as parameters, a selection is made, in the waveform memory
10, of one of the sets of the plural-cycle waveform data
which has particular tonal characteris_tics. Namely, the
leading address information read out froﬁ\ the waveform section
information memory 15 is fed to an actual read address
calculator 16 where it is set as an initial value of actual
read address RAD to be generated by the calculator 16. Then,
the waveform data are read out from the waveform memory 10 in
acqordance with actual read addresses RAD generated from the
address calculator 16. Note that +the above-mentioned
parameters for selecting waveform data to be _read out from the
waveform memory 10 may be other than the key code KC and tone
color information TC, such as information INF based on
suitable performance information or setting information.
From the control unit 102, the actual read address
calculator 16 receives, by way of the control register 113,

a note-on signal instructing tone generation (namely, waveform

generation), pitch information indicative of pitch information



- 40 - val ue by use of paraneters, such as the key code KC and tone
color information TC. The resultant output of the converting section 18 is
supplied to the virtual read address calculator 17 as the _
stretch/ conpression ratio data SCR. For sinplicity of description, the
virtual read addresses VAD will be described hereinbel ow as correspondi ng
to absolute addresses in the waveformueypry 10, although they may be
relative addresses that are not directly related to the absolute
addresses. Thus, necessary absol ute address data (such as the ]
above- nent i @dal etdheg W &tear gendtated | andr mtthern) dadp-be T e®itdm
t he actual read address calculator 16 to the virtual read address
cal cul ator lLihformatiomamayorke bat iRequUensy aRHURET r SAFTERRNGIY RR® Fhd
virtual read addresses VAD nay be di rectlé made b%/‘fa shift.control_circuit
r

|
14.” Where tHReaquencial GfeadhfyditeBeestoaPer IFRELH Y adfs ¥ 1 H™ ¢ he
| eadi ng address of "O', for .examl the virtu r b
passedgto tﬁ@wqt%t%loﬁqrgpdf&)°¥ atrey E‘SXW?S‘ZS%‘%@Q?%%%&%&P ©
addresses (with the |eadi. re ~ O EXRAPLES - j ft
control ci ﬁ&}f'?%efﬁ' co%asrle%%]?%g a?:l?%a?&}:g% Ifaegélr ess RA%é aﬁgl\?iurlfﬁg? ?lgaad
address VAD, ét?eﬁé?e%é’ O04¥€at pr aGier! dSathrddreéss cabapkabor RA® arthat
Shi

insftru_ction QO the actual read address RAD when the difference or
devi ation ofgeddntd 1y ERadgaddaesa RARef (piitchy Corresponddthgaddr etse VAD

has exceeded a predeterm ned value. In response to the shift instruction,

the actual rasskossd gsbter o Gitmat ildn ex Phises by aeading cthehisamples af ual

read address RAD by an anobunt corresponding to a specific nunber of

addr esses fothe waveform data from the waveform memoxy 10 in accordance
with the actual read addresses RAD, a tone can be reproduced
which has a pitch corresponding to the pitch information.

In the present embodiment, a virtual read address
calculator 17 is provided for use in the above-mentioned "TSC
control”. The virtual read address calculator 17 generates,
as virtual read address VAD, .address data indicating from
which address the waveform data should be read out at a
current time point, in order to achieve desired time-axis
stretch or compression of the Wéveform data. To this end,
stretch/compression ratio data SCR indicating desired stretch
or'compressioh ratio and the above-mentionéd pitch information
are supplied to the virtual read address calculator 17, which
thus outputs, as virtual read address VAD, address data
sequentially changing at a variation inclination or slope
calculated by modifying the advancing slope represented by the
pitch information with the stretch/compression ratio data SCR.
Modulating information MS based on the performance information

and setting information and/or other information is supplied

to a converting section 18, which, as necessary, converts the



elimnating the difference of the actual read address RAD from the virtual
read address VAD. Such shift control executed by the actual read address

calculator 16 will be later described in detail. Various registers
19 to 22 shown in Fig. 2 as belonging to the actual read address
calculator 16 are for storing controlling variable data "i", "j", "Aj"
and_read pointer p for use in the shift ggntrol. Cr oss-fade

synt hesis section 13, provided on the output side of the waveform nenory
10, synthesizes two groups or parts of waveformdata in a cross-fade

f ashi on (crovsleadey wyethfsparameteny, t fuchhastthenkey| code K¢ danrdttone
achieve a snmooth waveformtransfer by mnimzing adverse influences of

f 1 uct uat i onsCPHo¥ hinfeemblen Evef Fhe agsuldant gytautnhaigehe (SPRYRItIRgt he

actual read addresses_ RAD. To this end, twq roups Qf vef or m dat re
read out f roﬁ‘F?’ﬁ%o’i?vaf/%f’cﬁ rﬁ"rﬁéﬁd‘r%ff tfbtg‘ﬁd"%ﬁ'ﬁg;?gege#aa EPRTLT? cufator
interpolating-,circuits 11 and to the crqss-f t hesi Fon, 13;
t hat !Ds-, t hegz WS % %usﬂ:sreo?cr}‘vda?/o]ei%poﬁerﬁ sdlﬁna raaﬁzé.or g%%%oﬁéﬁt'o ]tgéé %Jr?lgéjél#ljaé%
synt hesi s segti h c - fadi hqﬂﬂfg ri

sgcondar y crggs%%r%\% an’neltesﬂ;% : %Eg%g%%ss? % e synt See'(sslps %Yggﬂﬂ be

performed i ngas¥aib&dYn&telBlelow a8 SorLdbEch ts desboned ddasésdesd
manner that the actual read -address cal culator 16 generates shifted actual
read addressga theD wdiesotd| memeays| 0 JeaRtAbaghN@hei hagd bact el atbad
addresses as actual read addresses RAD2 for the subsidiary cross-fading
channel , so addtessead that t aregrmoips difreadlef crelatieda 84l &he V@bsobute he

wavef orm menory 10 using the - 42 -
addresses. Thus, necessary absolute address data (such as the

above-mentioned leading or start address information) may be
given from the actual read address calculator 16 to the
virtual read address calculator 17, and comparisons between
the actual read addresses RAD and virtual read addresses VAD
may be directly made by a shift control circuit 14. Where
the wvirtual read addresses VAD are relative addresses (with
the leading address of "0", for example), the wvirtual read
addresses_VAD to be passed to the shift control circuit 14
may comprise only relative addresses (with the leading address
of "0", for example).

The shift control circuit 14 compares the actual read
address RAD and virtual read address VAD, so as to give the
actual read address calculator 16 an instruction to shift the
actual read address RAD when the difference or deviation of

._the adtual read address RAD from the virtual read address VAD
has exceeded a predetermined value. In response to the shift
instruction, the actual read address calculator 16 executes
control to shift the actual read address RAD by an amount

corresponding to a specific number of addresses for



addresses RAD and RAD2. The read-out waveformdata W. and W2 are passed to

t he cross-fade synthesis section 13 via the interpolating circuits 11

and 12. In this preferred enbodinent, the waveformdata WL read out

usi‘ng the actual read addresses RAD are processed as first or primary

cross- fading waveformregion data (through the first or primary

cross-fading channel) and the waveformdatia-W2 read out using the actua

. read addresses RAD2 are processed as second or subsidiary cross-fading

. waveformregion data (through the second or subsidiary cross-fadin

- channel ) ; mekispeting dheydiffesenssl Pf uthe patywad seadhaddrees AR %;RO&‘ WL
are scaled by cross-fade coefficients _in decjinal, val ues sequenti all

i ncreasi ng fhgnvigtuad 'read pgddress) VARY tﬁ‘écﬁ:glﬂ'}f[ﬁo%o%%ﬁ%ﬂsex?ﬁua’ﬁ% by

. waveform data W2 are scal ed cross-fad geffLcie [ [ S
 sequent i al | ytRR@R@hFeaLA -dfesﬁoc‘agcu(i?'%gﬁeiéu‘ﬁ?i§et#%‘?ee{régécgﬂéﬁ

t hus-scal ed maw;fornidata WL and W2 are additively synthesized. It should
be obvi ous tHat9% franner of effecting the cross-fade synthesis is not

imted to the apoyfolEntbonetept: §oko 0P ki oth 11g OUplds Helongin

exanpl e, the fading-1n g-out relationship between e primary an

subsidiary cg9ssnbadididid¥vebaaMdditieys dgatciBatobe 1beVars edor Thetdming
groups of waveformdata WL and W2 nay be read out fromthe waveform nenory

10 on the tignehyiFinpabarbasis.data "i'Eachj" of"aijte anditmsqblpiimger p
circuits 11 and 12 interpolates between sanples of the correspondi ng
wavef orm dafer WserinNPtheashbfit €ootrohe waveform nenory 10. To this end,
integer parts of the actual read addresses RAD and RAD2

- 43 -  are suppCredstfadacswnvbesim seabign 153, \Wwreeldrdom| the RUERIAE

‘gide of the waveform memory 10, synthesizes two groups oOr
parts of waveform data in a cross-fade fashion (cross-fade
synthesis) during the shift control, in order to achieve a
smooth waveform transfer by Iminimizing adverse influences of
fluctuations in the read-out waveform due to a rapid change
(shift) in the actual read addresses RAD. To this end, two
groups of waveform data are read out from the waveform memory
10 and supplied via respective interpolating circuits 11 and
12 to the cross-fade synthesis section 13; that is, the two
groups of waveform data are read out to the cross-fade
synthesis section 13 through two cross-fading channels
(primary and secondary cross-fading channels). The cross-fade
synthesis may be performed in a variety of ways. This
embodiment is designed in such a manner that the actual read
address calculator 16 generates shifted actual read addresses
RAD and simultaneously generates non-shifted actual réad
addresses as actual read addresses RAD2 for the subsidiary
cross-fading channe]..,= so as to read out two groups of waveform

data Wl and W2 from the waveform memory 10 using the



parts of the addresses RAD and RAD2 are supplied to the interpolating
circuits 11 and 12 as interpolation paraneters. O course, the
interpolating circuits 11 and 12 are not necessarily essential and nay be
om-tted. Variable data i, j and Aij are stored in the registers 19,
21 and 22 in association with the primary cross-fading waveformregion
data and subsidiary cross-fadi ng wavefarmy cegion data. The read pointer p
stored in the register 20 is shared between the primary and subsidiary
cross-fading channels. Before going into further details, the basic
concept of ddercEsSs RADN @indc ®AD2ed Bhe beadheutowaveferydatatWhendds on
111 of Fig. 2 is described by way of exanple in relation to Figs. 3.and 4.
Fig. 3 is aaepbassedsteatthee| grensnfade aSHRYREFisn S&HEAD r¥d8edhG e
advanced over tinme in the waveform menpry l_Hc;urlia?g comnpr essi.on conty ollre%sed
on the TSC domiexpolatidie, CIFRBHEES nethor@™ontd -+ axi &1 epfEsenty Tt and

the vertical axis represents the addr.ess. The starli . pQi of

vertical axiempinen st}P‘F\eWF‘Xﬁ(gPﬁB et i %R reé]%{opgéRBse eectaeé(ﬁ;&elt of
wavef or m dat a. dot - and-d | S . alks male ' -
address adv cﬁé%ﬁ%ﬁﬁ%ggégﬁ %ggeéggﬁgggggcﬁsi%ﬁ%%%atio%?ﬁgﬁggg%ﬁggsy

broken |ine e e | Ofeig T T ead
VAD. |f thefae‘is){ﬁt @%ﬁei‘am XUPIdh Uatd F¢KH2BGEEN0TcHd IELBst peichizRss

conpression ratio data SCR is of value "1", the

‘advance of Vvixdaal fé&ﬁﬁi_? AHH856) VARG UnkC weloe FoichhdaBa W2siead asige assing
advance represented by the dot-and-dash Iine and no

- 44 -  tingnaxhstuali aidad addtssses RADEZhare prooessed as lsecond or
conpressed, the stretch/conpression ratio data SCR takes an
subgidiary cross-fading waveform region data (through the
secon& or subsidiary cross-fading channel); more specifically,
the amplitude values of the waveform data Wl are scaled by
cross-fade coefficients in decimal values sequentially
increasing from "O" to "1" (fade-in) and the amplitude values
~of the waveform data W2 are scaled by cross-fade coefficients
in decimal wvalues sequentially decreasing from "1" to "O"
(fade—odt), so that the thus-scaled waveform data Wl and W2
are additively synthesized. It should be obvious that the
_mahner of effecting the cross-fade synthesis is not limited
to the above-mentioned and may be modified wvariously; for
example, the fading-in/fading—out relationship between the
primary and subsidiary cross-fading waveform region.data may
be reversed. The two groups of waveform data Wl and W2 may
be read out from the waveform memory 10 on the time-divisional
basis.
Each of the interpolating- circuits 11 and 12
interpolates between samples of the corresponding waveform

data Wl or W2 read out from the waveform memory 10. To this

end, integer parts of the actual read addresses RAD and RAD2



appropriate value equal to or greater than "1" so that the advancing sl ope
of the virtual read address VAD becones relatively great or steep as
shown. Heavy solid line represents an exanple of an advance path of
actual read addresses RAD. The advancing sl ope of the actual read address
RAD coi ncides with the basic address advance represented by the
dot-and-dash line. In this case, because 4&e- varying or advancing sl ope of
the virtual read address VAD is relatively great, the advance of the
actual read address RAD becones slower and slower than that of the virtual
read addr essese\guppkied 1 theewpusfesm merery HO dihidecdecinel qEvaatien of

the actual read address RAD from the_virtual reaéi addr ess VfD &as
exceeded a pPREEFeAh ntheyaddresses SRAP¢ a(‘,‘gntl%rl) cBréuifuRRlied s fos the

S ess e FRLERR PR SRR B8, PR U 80 b,
"~ addr esses RA@)fi SJ O&gs%gd tlln%_ Iji%nteéq%lqlhé'{iﬁlaqa é? E}fgﬁ%e%i rj’thl'ua?%iead2 a res%%g

VAD whil e nRLoLaLahDeyt B8s¥ALYLTJaRE AdYaBe! BRiEtage as dictated by the
- pitch information, and presents characteristics conpressed in the

time-axis directigaridbBus, dixar @adijnandutaijawiedrdidiiid in\ltid oregieters
wavef orm nmenory 10 in accordance with such actual read addresses RAD, it

I S possi bl e 19, oBlaianda 22avixh oassosighibn whthc ahev @ramearywavedssfading
conpressed in the tine-axis direction, wthout varying the pitch of ‘the
tone to be wapefoomeaegion data and subsidiary cross-fading45waveform

Preferably, the shift of the actual read address RAD in the direction to
el imnate i tEegiondatRe fFhonuand MoinkEr D 849Teddinstheregistar2@didut

I n such a manner that a
shareé between the primary and subsidiary cross-fading

channels.

Before going into further details, the basic concept of
the TSC control carried out by the waveform generating section
111 of-Fig. 2 is described by way of example in relation to
Figs. 3 and 4.

Fig. 3 is a graph illustratively showing a manner in
which addresses are advanced over time in the wavefbrm memory
during compression control based on the TSC control scheme,
where the horizontal axis represents time and the vertical
axis represents the address. The starting point of the
verticai axis represents the leading or start address of a
selected set of waveform data. A dot-and-dash line represents
an example of a basic address advance or progression based on
pitch information, and a heavy broken line represents an
example of aﬂ advance of virtual read address VAD. If the
stretch/compression ratio data SCR is of wvalue "1", the
advance of virtual read address VAD coincides with the basic

address advance represented by the dot-and-dash line and no



snmoot h i nterconnection is achi eved between the waveform data having been
read out imredi ately before the shifting and the waveformdata to be read
out inmediately after the shift. As an exanple, the shift may be carried
out. in such a manner that the interconnection occurs at respective points
where the - fundanental wave conponents of the stored waveformdata are in
-same phase. As another exanple, the actuaj4 read address RAD may be shifted
over a length corresponding to an integer nultiple of the nunber of
sanpl es .contained in one cycle of the stored waveformdata, As stil

anot her exanpines-a#iss siartiatiep ecewrsi ed 56t the stimea Hekheds Nt d%

I nterconnection occurs at respective points, of substaat a;%ﬁRg%g&eS an

anpl i tude \compregfreddVEhiri sEretehicompression ratiq gagp

1 The vavorRRRRIRRIAE WRTTGoauRL I Ofn etk i 1 Do o thed the | ™
hor osses VAT EMI0R, Phe My JLEEPRE” fad [ Salreply vAS becqnes
ond Taster TSR G B e R e e e s,

Once the di:ﬁ%&f&é&&éﬁ ahheefshpBd bFatadddReanddAbstRmdfeartualialreadad
address VAD has exceeded a predeterm ned value, the shift <control circuit

14 i ssues a sddFdsddSHANL! | PRe(8@0a0ENE sInpe @f theoartuad témd address ual
read address RAD is shifted by - 46 -

an appropri aaD asoimtides sutbhather basicn addressnadyeaceh aeptiesentat QY
This way, the advance of the actual read addresses RADis varied in |line
with that ofthéigdottanditdasiadlineldr b cchimTags | derpuiai hagamneing or

advanci ng sl ope as . . .
advancing slope of the virtual read address VAD is relatively

great, the advance of the actual read address RAD becomes
slower and slower than that of the virtual read addresses VAD
as the time passes. Once the difference or deviation of the
actual read address RAD from the virtual read address VAD has
exceeded a predetermined value, the shift control circuit 14
issues a shift instruction (designated by an arrow), so that
the actual read address RAD is shifted by an appropriate
amount in such a direction to eliminate the difference. This
way, the advance of the actual read_addresses RAD is wvaried
in line with that of the virtual read addresses VAD while
maintaining the varying or advancing slope as dictated by the
pitch information, and presents characteristics compressed in
the time-axis direction. Thus, by reading out waveform data
Wl from the waveform memory 10 in accordance with such actual
read addressé's RAD, it is possible to obtain a waveform
signal, indicative of a waveform compressed in the time-axis
direction, without varying the pitch of the tone to be

reproduced.



dictated by the pitch I nf or mati.on, and presents characteristics
stretched in the time-axis direction. Thus, by reading out waveform data
W fromthe waveformnenory 10 in accordance with such actual read

addresses RAD, it is possible to obtain a waveform signal, indicative of a
waveform stretched in the time-axis direction, wthout varying the pitch
of the tone to be reproduced. In Fiaggs~ 3 and 4, each ri ppl e-shape "

line represents an advance of the actual read addresses RAD2 in the
subsidiary cross-fading channel (i.e., for the subsidiary cross-f q)l ng
o™ t he

wavef or m r egi on Rreferablyhovhe shifeghide @rtusd 639 addrass,

actual read addresses RAD2 for _the subsidiary, _cross-fadin vef qrm regi on

data are geridmeatdibregbinpahe eligdspde dits Hi"%’g?&ﬁfb‘ée ogr s té’d‘rargc aﬁlal

read addresses RAD_at .a_sane.rate (i,.e. , _varying. .ol adv ' S ) ASs

the actual 78y adaressedARDIS) r?ai(?ﬁ%[ a‘B‘I‘g %Po%s‘ﬁ%dg g{éﬁr{c% tARE) &

cross-fade synthesis is carried out. | q&@gﬁg vt

wavef orm t ra%‘échﬁ‘ i’?%ec’fﬁ%%eocevf%%%%e%%%% m dat aerI Vh\%{e ?veaad out“hidr;ata

accordance W 46, a61 Yalad Stk iR RANerdY b SHIiMIhg r@ms i ng
a, v

wavef orm r egi on to the waveformdata WL, read out in accordance with
the actual readt rodtl'ESEed e daddbultl imédfasel fadafferatieé oshii fegi As

data. In this case, it.is only necessary that the actual read addresses
RAD2 for suhsi déRampTe s ThbadiHiEb\avsy oben cagirded out in such a manner
- 47 - data be generated for a given cross-fade period. Not e t hat

execut i on oftisatk lther dasefradenegtibesbccuss Mt respesddye ppinsscwpere the
although it is very preferable. For exanple, a snooth interconnection
bet ween t he funddmentaktwave cagmpanentsopé Xhe &tored wavaform Gatdpre

actual read
in same phase. As another example, the actual read address

RAD may be shifted over a length corresponding to an integer
multiple of the number of samﬁles contained in one cycle of
the stored waveform data. As still another example, the shift
may be carried out in such a manner that the interconnection
occurs at respective points of substantially same amplitude
value and advancing slope.

Fig. 4 is a graph illustratively showing a manner in
which the address is advanced over time in the waveform memory
during stretch control based on the TSC control. Iﬂ this
case, the varYing Of advancing slope of the wvirtual read
addresses VAD represented by the heavy solid 1line is
relatively small as shown. Thus, the advance of the actual
read addresses RAD becomes faster and faster than that of the
virtual read addresses VAD as the time passes. Once the
difference of the actual read address RAD from the virtual
read address VAD has exceeded a predetermined value, the shift
control circuit 14 issues a shift instruction (designated by

an arrow), so that the actual read address RAD is shifted by



address RAD may be achieved by issuing a shift instruction at a point when
the waveform data read out imedi ately before the shift and the waveform
data read out immedi ately after the shift agree with each other in phase.
Furt her, because any other form of waveform processing is al so possible,
the present invention may enploy a schene of reading one group of the
waveform data WL using only the actual +emd-address RAD, instead of
executing the cross-fade synthesis. In the case where the cross-fade
synthesis is enployed, the fading-in/fading-out relationship hetween.the
pri mary and ars Appxppriate osmopnti Ay waE ¢t i1 ERFBIPR LS ﬁ&@mﬂgﬁﬁif d
fromthat described above in relation to Figs. 3 and_4. hbnEL% ir]§§$d
cross-fade phffarengsir ess&8ifei VY adviiR e Plie ERPe BT or H55S

A S e A A R e e

addr esses SSes nay Dbe use act r ead

addr esses EP% %fﬁo%%ﬁsuw i @i{i’ﬁ.l(\ér Oﬁéﬂ’?ggg&n ;/ﬁflg.r n&éfﬂg@ﬂlgatﬂopé n ggpuch

a case, upo i on of Cr 0ss- synt hesi s, actual ‘read

addr esses RAE%: ubsigi arypgr ospikafi Ng invayabeitn’ egi enddat pisents
changed to acC uéaegercgad addr esses E) SO tﬁat the actual read addresses RAD

are advanced il 09 Pest £ ePEi@ched Nirs H1RY , tinks-axins Stifmsteticam. beThus,
considerably sinplified because it is only necessary to set shifted actual

- 48 - reasly afsi@BsgsSoat wavagbrmeddtadulesyen RAB? wavefoypsimingny 10
cross-fading waveformregion data while allowing the actual read addresses
RAD for pri nbtyactosdahaei nitiavehchmaadgialn read aaddriessegy Ffhfed &% 1s
before. This approach is enployed in_ detailed exanples which will b

descri bed hepessitilerto obtainap: weveform signal siipgicatiye gf a waveform

illustration and , , s
stretched in the time-axis direction, without varying the

pitch of the tone to be reproduced.

In Figs. 3 and 4, each ripple-shape line represents an
advance of the actual read addresses RAD2 in the subsidiary
cross-fading channel (i.e., for thé subsidiary cross-fading
waveform region data). As shown, in response to the shift
instruction, the actual read addresses RAD2 for the subsidiary
_cross-fading waveform region data are generated along an
extension of the advance of unshifted actual read addresses
RAD at .a same rate (i.e., varying or advancing slope) as the
actual réad addresses RAD. In a suitable cross-fade period,
cross-fade synthesis is carried out in such a manner that a
smooth waveform transfer is achieved from the waveform data
W2, read out in accordance with the actual read addresses RAD2
for subsidiary cross-fading waveform region data, to the
waveform data W1, read out in accordance with the actual read
addresses RAD for primary cross-fading waveform region data.
In this case, it is only necessary that the actual read

addresses RAD2 for subsidiary cross-fading waveform region



description, Figs. 3 and 4 do not show a case where control 1is executed to
repetitively read out a predeterm ned range of the waveform data set
stored in the waveform nenory 10, the TSC control scheme according to the
present invention is also applicable to such a case. Nanely, the TSC
control schenme according to the present invention is applicable not only
to _the case where plural -cycle waveformgata stored in the waveform
menory are read out only once to reproduce a single tone but also the case
where a predeterm ned range of the sane waveformdata set stored in the
wavef or m nendayai be geperatedefprr aagiven twvosepfedecpezieodngl e tone. For
this purpose, loop (repetition) control of the actual and virtual read
addr esses RAD andNehs® ﬁg9tb§X§§PFi@§ oft shghperasshadg csypthests H8drets

calculator 16 and the_ virtual read address calculator 17 of Fig. 2, or
| oop (repet i RPERFSBBRLYoPSEENGAR} alfhaugh (i F8a¥eRddPESEerabAs -nmyFPE

I ed out ly in th I d add |.cul at 17. Th wh
Che-1 oop  cONEPBPLBr Bnmoh At eEar e dot Dok Ry b YAYFH R (OTEe | n”

only the virfugh 15RO addEess &al CWRLY Mol SHR 88 dD0aAt.Lhe Mighual

read addresses are " 'oop-con e ac read addresses Wil |

be automati cahk¥eb@ap fiP'Bedtdvad By 4EBGHnY! ol BR1EEOMOL bbELYA b1l

r ead addresses VAD I n response

to occurrencg pdidWwHir fthecRefe@brmigytatiray v inhedyatbdyl béeade the
addr esses VAD. Now, with reference to Figs. 5 and 6, a description

wi |l be madshhbbuanéxahpl eswavie folrme idaltan rdath irte Sisinsd i setelng deer t the
axis, of a waveform which rmay be inplenented by the TSC control schene
accordi ng t oshhftpagrzeat withoéagbnother in |phaieys. Puxhites, Rcamkse yatyl s
denoted by reference -
.other form of waveform processing is also possible, the
present invention may employ a scheme of reading one group of
the waveform data W1l using only the actual read address RAD,
instead of executing the cross-fade synthesis.

In the case where the cross-fade synthesis is employed,
the fading-in/fading-out relationship between the primary and
subsidiary cross-fading waveform region data may be reversed
from that described above in relation to Figs. 3 and 4.
Namely, in a cross-fade period, addresses being advanced.along
the extension of the actual read addresses RAD may be
maintained directly as actual read addresses RAD and shifted
actual read addresses may be used as actual read addresses
RAD2 for subsidiary cross-fading waveform region data. In
such a case, upon termination of the cross-fade synthesis, the
actual read addresses RAD2 for subsidiary cross-fading
waveform region data are changed to actual read addresses RAD
so that the actual read addresses RAD are advanced along the

extension. This way, the cross~fade can be considerably

simplified because it is only necessary to set shifted actual



nunmeral s 1401 and 1501 at the top of the figures represent original
wavefornms (each of which may be obtained by, for exanple, recording or :
sanpling a plural-cycle waveformof a tone having a given original pitch)
stored in the waveform nenory 10. Note that each black synbol in Figs. 5
and 6 represents a plural-cycle waveformand its contour generally
corresponds to the envel ope of the wavefa@gm- and the length (horizontal

di rensi on) of the synmbol represents a tone- generating tine |length while
the width (vertical dinmension) of the synbol represents anplitude._,.
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stride by adwanrsigtmtd® to eeperddisedyareadhoghea pradeterningd wenus Qf
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pi tch means theadianeforn t datar sgtnatonadelnr thespavefermr mgmory 10, the

TSC control scheme according to the present invention is also
applidable to such a case. Namely, the TSC control scheme
according to the present invention is applicable not only to
the case where plural-cycle waveform data stored in the
waveform memory are read out only once to reproduce a single
tone but also the case where a predetermined range of the
same waveform data set stored in the waveform memory is
repetitively read out to reproduce a single tone. For this
purpose, loop (repetition) control of the actual and virtual
read addresses RAD and VAD may be carried out in both the
actual read address calculator 16 and the virtual read address
calculator 17 of Fig. 2, or loop (repetition) control of only
the virtual read addresses VAD may be carried out only in the
virtual read address calculator 17. The reason why the loop
control of the virtual read addresses VAD may be carried out
in only the virtual read address calculator 17 is that as
long as the virtuél read addresses VAD are loop-controlled,
the actual read addresses RAD will be automatically loop-

controlled in the track of the loop of the virtual read



at a narrower stride by advancing the read address at a slower rate, and
by so doing, the tine-axis length of the waveformis increased. Therefore,
in Fig. 5 the time length (tone-generating tinme |ength) of the
rai sed-pitch waveform 1402 is smaller than that of the original waveform
1401 (reference tone-generating tine length), and the tine length of the
| ower ed- pitch waveform 1403 is greater thaen that of the original waveform
1401. Bl ack synmbol s 1404, 1405 and 1406 at the bottomof Fig. 5
~represent exanples of waveforns obtained by optionally stretching and
conpr essi ng afdressed - Eant in| Fesponsef te ngcauorence dofl a3y t ¢t Hfgrenee gi5C
~control. Mre specifically, symbol 1404 represents an _exanple of a
maveforn1obt€?ﬁ£ﬁtb9n €oaBr £88i wértHelt raed| adgrassest MAPrai sed-pitch or.
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stretching thent+&® &6REME 8&cbb@ihgl £80tRb! FBeQént' aiB6admahtch waveform
1402 or 1403 relative to the absolufe time Iength of the original waveform

1401. Such controfnt Figsl.l €4 cAn@r 6GOHNRSE sHebdDEedeantedt ibyy réfEréwegt h
is permtted by properly giving the stretch/conpression ratio data SCR
Fig. 6 is a sumgrahsshdoingnexdfillarat mthaetopwbér ehey dfiguresavepoesent
control is carried out by applying the TSC control to a selected part,
rat her than ohtgimal ewvayeforms (each of which may be obtained by, for
example, recording or sampling a plural-cycle waveform of a
tone having a given original pitch) stored in the waveform
memory 10. Note that éach black symbol in Figs. 5 and 6
represents a plural-cycle waveform and its contour generally
corresponds to the envelope of the waveform, and fhe length
(horizontal dimension) of the symbol represents a tone-
generating time length while the width (vertical dimension)
of the symbol represents amplitude. |
Fig. 5 shows exemplary manners in which the absolute
time length of the entire original waveform'(stored original
waveform) 1401 is stretched and compressed by interactions
between the pitch control based on the pitch information and
the TSC control according to the present embodiment. Black
symbols 1402 and 1403 in the middle of the figure represent
examples of waveforms read out only in accordance with the
pitch information (i.e., waveforms read out with a
stretch/compression ratio of "1"); more specifically, symbol

1402 represents an example of a read-out waveform with a pitch

higher than (or raised from) that of the original waveform -



reproduced waveforns. Black synmbol 1502 represents an exanple of a
wavef or m obt ai ned by conpressing the tinme length of only an attack or
rising portion of the original waveform 1501, black synbol 1503 represents
an exanpl e of a waveform obtained by conpressing the tine length of only a
steady or sustain portion of the original waveform 1501, and bl ack synbol
1504 - represents an exanple of a wavefornyght ai ned by conpressing the tine
~length of only a release or falling portion of the original waveform 1501.
. Further, black synbol 1505 represents an exanple of a waveform obtained by
: tretchlng t 401 fpitehgup sfavefigrm'he while kspebelod408 tyRPRASeNtRl an
~waveform 1501, bl ack synbol 1506 represents an exanple of a waveform
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time-axis paraneters in
slower rate, and by so doing, the time-axis length of the

waveform is increased. Therefore, in Fig. 5, the time length
(tone-generating time length) of the raised-pitch waveform
1402 is smaller than that of the original waveform 1401
(reference tohe-generating time length), and the time length
of the lowered-pitch waveform 1403 is greater than that of the
original waveform 1401.

Black symbols 1404, 1405 and 1406 at the bottom of Fig.
5 represent examples of waveforms obtained by optionally
stretching and compressing the pitch-controlled waveforms 1402
and 1403 through the TSC control. More specifically, symbol
1404 represents an example of a waveform obtained by
compressing the time length of the raised-pitch or lowered-
pitch waveform 1402 or 1403 relative to the absolute time
length of the original waveform 1401, symbol 1405 represents
an example of a waveform obtained by restoring the time length
of the raised-pitch or lowered-pitch waveform 1402 or 1403
back to the absolute time length of the original waveform

1401, and symbol 1406 'repre.sents an example of a waveform



controlling a style of performance or tonal effect. Specific exanples of

such tinme-axis paraneters include ones for: (1) controlling a cycle
of periodic nodul ation effect such as a vibrato or trenolo; (2)
controlling a time of a transient pitch nodulation effect such as a pitch
bend; (3) controlling a rising or falling tine, such as an attack or
decay tine of a tone; (4) positivelgrand freely inparting a "sw ng"

. to a tone; (5) elimnating nonotonousness of loop control

- (including | ooped read control for generating a sustain sound or |oop
~control of sobtdined)by stretglEing grhe diimendergtthnefotheoraisedrBitehRF ng
sounds, such as a_slur (linkin

L _ g tine&' Q%7) controllin&wéhe qugth of
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tone generatgagapeerod |ength of the original waveform (e.g., controlling
the tinme length to coincide with a note |length of a nusical staff given
via automati c perFaguareeisnfaor dbagpan. showinglhesemprary assmesshewleetdat
t he organi zati on of the ' _
various waveform control is carried out by applying the TSC
control to a selected part, rather +than the whole, of
reproduced waveforms. Black symbol 1502 represehts an example
of a waveform obtained by compressing the time length of only
an attack or rising port'ic'm of the original waveform 1501,
black symbol 1503 represents an example of a waveform obtained
by compressing the time length of only a steady or sustain
portion of the original waveform 1501, and black symbol 1504
represents an example of a waveform obtained by compressing
the time length of only a release or falling portion of the
original waveform 1501. Further, black symbol 1505 represents
an example of a waveform obtained by stretching the time.
length of only the attack portion of the original waveform
1501, black symbol 1506 represents an example of a waveform |
obtained by stretching the time length of onljr the sustain
portion of the original waveform 1501, and black symbol 1507
represents an example of a waveform obtained by stretching the
time length of only the release portion of the original
waveform 1501. Through the TSC control scheme according to

the present embodiment, such control to partly change the time

length can be carried out independently of the pitch control.



wavef orm generating section 111, particularly the contents of the waveform
data to be stored in the waveform nenory 10, are set optionally in
accordance with specific purposes or needs for which the TSC control

scheme is to be utilized. For exanpl e, the waveform nenory 10 has
prestored therein at |east one set of waveformdata of a plural-cycle
tone waveform for each tone color. lno ggldition, in the waveform nenory

10, there are prestored, for each of the tone colors, two or nore sets of
waveform data in corresponding relations to pitches or ranges, touch
intensity (vEbncexanplealtiss, laraktord eardiialeTS6r cantrodr cannhé achievaed
“(such as a vibrato, trenolo, pitch bend and sl ur However, it is .not

. necessary thby giviegeandsehanging; ofRirend et bnen duxingctere (enerathen, of

 the_tone colors; instead, a same _set of stored wavef ormdata may be shared
for two or nbRe tPREfeERBnSe |#infermatiem PErcSetting stRfeymatiprq for
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(end) of the tone or a predetern1ne ooplng range o vef orm

the case whepembhg ReeUL! @bfNasbl W) Nds! AR I0f coerdl Upalrame®édls® for
waveformis stored, the waveformdata within the | ooping range are read

out in a repeﬁhammganaﬂnedaxisg éhe time-v@eningt i egppessdon Fsuidherast he
plural -cycle waveformto be stored may be one maintaining a tone vol une
envel ope of véaeiatiogsnih stybéoof perfoenimee nor atenak effect. erNahale,
normal i zed to predetermned level. O course, where a tone
the TSC control can be utilized as time-axis parameters in
controlling a style of performance or tonal effect. Specific
examples of such time-~-axis parameters include ones for:
(1) controlling a cycle of periodic modulation effect
such as a vibrato or tremolo:;
(2) contrdlling a time of a transient pitch modulation
effect such as a pitch bend;
(3) controlling a rising or falling time, such as an
attack or decay time of a tone;
(4) positively and freely imparting a "swing" to a tone;
(5) eliminating monotonousness of loop control
(including looped read control for generating a sustain sound
or loop control of a vibrato);
(6) controlling a time of control for linking sounds,
such as a slur (linking time);
(7) controlling the length of an ornament (decorative
sound);

(8) compensating for changes in a tone generating period

when the stored original waveform is read out at different



waveform having inparted thereto effects including a tone volune
variation such as a trenolo, is to be stored as an original waveform the
wavef.orm data are stored with the tone volune envel ope maintained in the
original form (or processed as necessary) instead of being normalized to
predeterm ned I|evel. The plural-stored waveformto be stored nay be ot her
t han one sanpled froman external source,ssuch as one having undergone any
necessary waveform-processing like cross-fade synthesis or filtering.

To facilitate a snooth waveforminterconnection at the point of the shift

- control in theta®ssEontrol, it is preferable to perform managenent of the
stored waveforns in_consideration of such_a waveforminterconnection. To

this end, the wat@ ofFeakingd: ¥apdatigpredof nthacStRTRY LT HENRE WATCINEN be
managed with the daja divjded in adyance intpo a |praljt data seciion
f or ganaggneh¥ PR b%%ség stV?:?rlgynaf wavefor ﬁh%%edkg%?f%%doﬁe?%ﬂfi§ >
Nanel y, the 8éH%g$-fyﬁéei%gvggﬁéggggsa Loge I s divided into a
plurality of "data %IVI i ONS, "'€éach having a suitable size, for

subsequent manage(rgaz, é%{%c%}%@ _ tcSH’E&{:giiHBi ¥ {Ghe ge%netﬂ&%iﬁﬁc ﬁ?ﬂé&"

Is set for every suc I ons. this ca the plfural -cycle

wavef or m dat feRftR RNt ESind a sourld®adRMebar ShBEHPLYidf] didvefornm,
pre-anal yzed. and points in the plural cycles which are in a sane

phase with epghwirigibly cohsebRlphgsearpobhtireartoniet generating rpspbodi ve
start points 10 of the Individual data divisions. In other words, such
sane- phesgtipoofit ther erfiginali wanefoway €fecigm,datcntraoid itige theey e€imen
data are divided at the sanme-phase points -to define the data

divisions Vemgthr fodaeingdde t whthr aypreteydpagthapihea musical staff

given via automatic performance information).

Thus, let's assume here that the organization of the
waveform generating section 111, particularly the cohtents of
the waveform data to be stored in the waveform memory 10, are
set optionally in accordance with specific purposes or needs
for which the TSC control scheme is to be utilized.

For example, the waveform memory 10 has prestored
therein at least one set of waveform data of a plural-cycle
tone waveform, for each tone color. In addition, in the
waveform memory 10, there are prestored, for eaéh of the tone
colors, two or more sets of waveform data in corresponding
relations to pitches or ranges, touch intensity (velocity)
values, or styles of performance or tonal effects (such as a
vibrato, tremolo, pitch bend and slur). However, it is not
necessary that different sets of stored waveform data be used
for each of the tone col@rs; instead, a same set of stored
waveform data may be shared for two or more tone colors. 1In
the case where a same set of stored waveform data is shared,

the waveform can be modified as necessary in accordance with



contained in a single data division. |In short, boundaries 15 between

every adjacent data divisions are the sane-phase points and it is
sufficient that each of the data divisions be defined to be able to be
snoot hly connected to anot her data divi sion. The sane-phase points are
poi nts which are i dentical with each other in waveform anplitude val ue
and,in 20 sloping direction of the wavefgjm The same-phase points may
typically be zero phase-angl e points where the waveform anpl i tude
zero-crosses froma negative value to a positive val ue, but may be

poi nts of anyhetTeC quratssolhrgf ehe pPesent embodimenthinseombjphatiopoiitls
need not necessarily correspond 25. to a precise phase angle and nay be an
appr oxi mat e poxiother suitablehwaveborm copbtred ttechnique) atFyether, shiet h
wavef or m i nterconnection. Note that each of the data divisions does
not or need BAUrabre¥ele WRYRLerp;data cﬁ?ﬂ’@%cﬁ‘ﬁe@p&ﬁ&?n@aﬂobe of either
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waveformdata divided into a plurality of data divisions in the
above- nent i ohggenamer rddie oRtt ifl o efshetlitBas Mahser aBarihg, tHe response

to a shift instruction issued fromthe shift control circuit 14 (Fig. 2),

can perfor m gemératingcpethad. onferther acthal plweal acykebs svdkAiEform to be
stored may be one maintaining a tone volume envelope of the
original waveform or one having a tone volume envelope
normalized to predetermined level. Of'course, where a tone
Wavefofm, having imparted thereto effects including a tone
volume variation such as a tremolo, is to be stored as an'
original waveform, the waveform data are stored with the tone
volume envelope maintained in the original form (or processed
as necessary) instead of being normalized to predetermined
level. The plural-stored waveform to be stored may be other
than one sampled from an external source, such as one having
undergone any necessary waveform processiﬁg like cross-fade
synthesis or filtering.

To facilitate a smooth waveform interconnection at the
point of the shift control in the TSC control, it is
préferable to perform management of the stored waveforms in
consideration of such a waveform interconnection. To this
end, the waveform data to be stored in the waveform memory 10
may be managed with the data divided in advance into a

plurality of data sections for management purposes, as will



has been advanced-to-the-end—of one of the data divisions it belongs to,
it is shifted to a start point of another data division, so as to carry

out t he mayeﬂb$ eplacedyn  appunt corresponding to one or nore of the
dat'a di vi si ons|. H h of the data divisions is defined in such a
manner to sno o another data division, S ddr ess

shifting by an anount correspondi ng to omg ar rﬁmrg.g)gHEmﬁAsaEEN_ I Vi si ons,
ed | oE ]

when the actual read address RAD has been shif
TSC control, permts an interconnection betweel . er ent

dat a divi si des descriidiedt oefowubstantially the same phase; thus, waveforns
to be interconnected in fragnents_(each conprising the data _di%bﬁk&m&idue
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di vision in questrion. mel "read addiess shifting by an anount

correspondi g d Qe Yhd P10l -hR1al@vairhirii 8a%a 6Fs® tdise ustrsred fiar m
of control for, 1n response to a shift instruction given during data
readout of axktwavéeFbbnonembren 10 Grenieferanaktzed, ngndr padintig dmt thelat a
di vision of a new waveformat a correspondi ng internedi ate point thereof.
In such a caskumsl weblesa wuiach phaee ioonaeamen pbasepeavitdd Bachusrther
relative internediate positions in the two data divisions correspond: to
each ot her. (danérphass pdinks kprehdsitermingdr pscEespechive start points

of the individual data divisions. In other words, such same-
phase points are found in the waveform data, and the wavefdrm
data are divided at the same-point points to define the déta
divisions. Waveform data over two or more cycles may be
contained in a singlé data division. In short, boundaries
between  every adjacent data divisions are the same-phase
points and it is sufficient that each of the data divisions
be defined to be able to be smoothly connected to another
data division. The same-phase points are points which are
identical with each other in waveform amplitude value and in
sloping direction of the waveform. The same-phase points may
typically be zero phase-angle points where the waveform
amplifude zero-crosses from a negative value to a positive
value, but may be points of any other phase angle. of
course, the same-phase pointé need not necessarily correspond
to a precise phase angle énd may be an approximate position
which could permit a relatively smooth waveform
interconnection. Note that each of the data divisions does

not or need not coincide with a pitch cycle corresponding to



in the current enbodi nment, a sufficiently good, snmooth waveform

I nt erconnection may be achieved even with the shift control carried out at
such internmedi ate points of the data divisions. In the followng
specific exanple, such internediate points of data divisions are
designated by read pointer p, which allows, for designation of
corresponding relative address |ocationssggn-the m ddl e of any data

di vi si ons. Figs. 7 and 8 are flow charts illustratively showing step
- sequences of creation and previous managenent of the waveformdata to be
st or ed. a HMupdamentalk 2idchp efqudr ewavefopmoc@atajf oranshniyhpngdata

 (recording) desired waveform data from an external squrce and .
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managi ng data necessary for the wavetormdata stored I1n the” reserve

storage areacéPréSpstdinga tddonal i adafdss Of ethaavdiedie Wanekgr malat a
and the storage area) are witten into a predeterm ned nanagi ng data area.

Further, at bBéegusd, thils approvch iculss definecthl/ saimprphasenpetabsewitiag
SCEN for the waveform data stored in the storage area. The
stret ch/ conphkghennpereabstohlag SCEN is a flag indicating whether the TSC
control according to the present enbodinent nay be carried out or not; the
flag SCEN at a vaBWe magtaging the waveform data to be stored in the
waveform memory with the waveform data divided into a
plurality of data divisions in the above-mentioned manner, the
actual read address calculator 16, in response to a shift
instruction issued from the shift control circuit 14 (Fig. 2),
ean perform control such that once the actual read address RAD
has been advanced to the end of one of the data divisions it
belongs to, it is shifted to a start point of another data
division, so as to carry out the waveform shifting by an
amount corresponding to one or more of the data divisions.
Because each of the data divisions is defined in such a
manner to smoothly connect to another data division, such read
address shifting by an amount corresponding to one or more of
the data divisions, when the actual read address RAD has been
shifted in accordénce with the TSC control, permits an
interconnection between waveforms of different data divisions
at points of substantially the same phase; thus, waveforms to
be interconnected in fragments (each comprising the data

division) due to the stretch or compression control can be

interlinked smoothly.



I ndicates that the TSC control should not be carried out while the flag
SCEN at a value "1" indicates that the TSC control nay be carried out.
Because the current enbodinent is arranged to carry out the TSC control
after the above- nentioned "data division" managenent, the TSC control
schene can not be carried out unless the "data division" managenent is
executed. Therefore, the TSC control schgnme can not be carried out at a
stage when only the waveform data have been witten in the waveform nenory
10, and this is the reason why the stretch/conpression enable flag SCEN is
set to the val ue N8€& athadt egh84. "r&ad arbtess | shiSCENOTEPYheaRt FMAYHS an
attachnent of the managi ng data for each file.
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of a great oz o[r\é.tyegf?gg %g o?%gaiﬁ%iéﬁ r?ﬁ\%lﬂdﬁié gfb?’a’ge arf;%ésa

Note that t - o) k-he 1 BAt4 oy be
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all the wave tone I nput fromthe external source and nay be

a desired pagindNer adfe "reHitRiReds bhifiteRGOBYCEN anidiiet curinespunding he
waveform data fil'es or sets may be used in one case, and a plurality of

the wavef or pdladie dr rdTof theldeda diefstibas”caiso includ@efarférmy dfick
to Fig. 8 a "mark process" is for defining (marking) the above-nentioned
dat a di vi si asnifol heor, in response to a shift instruction given during
' data readout of a data_diviéion of. an old waveform, starting
reading out a data division of a new waveform at a
corresponding intermediate point thereof. In such a case as
well, a good phase conneétion is expected because relative
intermediate positions in the two data divisions correspond
to each other. If the cross-fade synfhesis is carried out as
in the current embodiment, a sufficiently good, smooth
waveform intérconnection may be achieved even with the shift
control darried out at such intermediate points of the data
divisions. In the following specific example, such
intermediate points of data divisions are designated by read
pointer p, which allows. for designation of corresponding
relative address locations in the middlel of any data
divisions. |
Figs. 7 and 8 are flow charts illustratively showing
step sequences of creation and previous management 6f the
waveform data to be stored.

Fig. 7 shows a step sequence of a process for sampling

(recording) desired waveform data from an external source and



wavef or m dat a. First, at step S5, a desired one of the. waveform data
files for which the data division definition (marking) is to be conducted
is designated and read out from the waveform nenory 10 for visual .
presentation on a paper or display. Then, at step S6, a plurality of
"sane- phase points" are selected fromthe displayed waveformdata |ist and
the. waveformdata are divided into a pLugglity of data divisions on the
basis of the sel ected sanme-phase points, so that the data divisions of the
- waveform data are set. After that, at step S7, respective sizes T of the
i ndividual deteringithemsampdes yeveformnedatadinko tthen waNesormememosy o} ®r
~division - 60 - i nformati on nenpry
15 (Fig. 2) FhratsodtasSteRr Wk-h 3 hee¢essaryaftorgge prea W& A¥renvesht in

+ Then, at ste S8, the stretch/conpressjon enable flgg SCEN for the
wavef or m dat Erefyevefern feqery Hid | o Therepi ter.; Ak 65PR Phat thReW orm

control sch ca ow be cpnduct ed. e that the respgcitive, sizes T of

therindi vi aUEaceE BRY FRRE HYeERen Ohhe Fhe1 28 (PRSI ‘Brseffhor [0

' i t hi f X I t g@hﬁg t
3;32f31n1hpv%g?%%@¥ﬁf8%ﬁ%¥ﬁg%iyﬁéﬁnﬁégiécﬁgggbghs%ﬁta| eéﬁfzagﬂ%§ﬁgﬁa§?%g

dat a storageg@{£ap1&f pkbBesBing)n i ¥4 NIn€sS ThieP b rAdF O tbfage
address data indicative of thée respective head addresses of the

i ndi vi dual vareé cas eié afilé cobt 96 €0of NwaVEf ot edPtaN NETmey, &6 Sdp dsa A

i ndi cative of respective sizes T of the individual data divisions will be

expl ai ned asmimagingtdata nacebsarwyafeflotiedwaveform Wdatareattoredreimwryhds.

" As noted earlier, it is preferable that the boundary points between the

adj acent dareseifvedisterage difemddychaeedpta thdiceslivei off & fitlethame a

phase angl e corresponding to _one address of the waveform
of the waveform data and the storage area) are written into
a predetermined managing data area. Further, at step S4, "O"
is written as a stretch/compression enable flag SCEN for the
waveform data stored in the storage area. The
stretch/compression enable flag SCEN is a flag indicating
whether the TSC control according to the present embodiment
may be carried out or not; the flag SCEN at a wvalue "QO"
indicates that the TSC control should not be carried out while
the flag SCEN at a value "1" indicates that the TSC control
may be carried out. Because the current embodiment is
arranged to carry out the TSC control after the above-
mentioned "data division" management, the TSC control scheme
can not be carried out unless the "data division” management
'is executed. Therefore, the TSC control scheme cén not be
carried out at a stage when only the waveform data have been
written in the waveform memory 10, and this is the reason why
the stretch/compression enable flag SCEN is set to the value

"O" at step S4.- The enable flag SCEN may be stored as an

attachment of the managing data for each file.



menory 10. Therefore, the data indicative of respective sizes T of the
i.ndi vi dual data divisions each include a decinmal value rather than being
conprised only of an integral value corresponding to the total nunber of

addresses in the waveform nenory 10. Now, a detailed description

wi |l be made about several exenplary applications of the TSC control
schene. [ Application to Periodi c Tonesdhdul ati on Control ] First,
a specific exanple will be described where a periodic nodul ati on effect,
such as a vibrato or trenmolo, is - 61
- controlled i nFageoBddscea ditdgrare sid@emarigalys o nganyexempharyne
present enbodi nent. To this end, as prelimnary operations, a vibrato

or trenol o pteragenfarmat adnuathy savefoxm amemOpY eddl.er FPKedreferenRedce

pitch (or in correspondence with an gptional pitch aqr note range) bg use
of a desiredPHEPRPEE- nustRaFignstFunelevesorR £fata sfiifgdd ofSwidfy area

I nst t, d | t ant f t ' ded | ed) t

lor o the waBEPBIY B auEa e VRVETOrH MG Y508 T HE: SbavEest bed
. AL tf ' t [ nf ti ' | | nt

The wavef or m AFOFEVER. OTS maciioh Aenoty £ SoP cRopFend, dokit i G ld of

the performpco.k L4104 O%?iﬁ{&d%:?{dﬂé%d@duha%ktgﬁtg ﬁﬂﬁﬁeﬂsof such

vi brat o) and waveform dat a e performance tone at predeterm ned

nodul ati on agEorsde’ £fead Urd BRI Hin Ahel FAGeEBA méﬁ\éi‘?r ab, | 86t thaent
tone color). It is also preferable to store waveform data o per formance

t ones corr esphidalgcyOlé ewaralfodnl fdatntoflept freat’y wambéAt ofin;toned hase

case, in order to guarantee common effectiveness of the TSC control

paranmeter, istészednlin the individual storage areas. Note that the
waveform data to be stored as a file need not necessarily be
all the waveform data of a tone input from the external
source and may be a desired part thereof. Therefore, to.
reproduce a tone, only one of the waveform data files or sets
may be used in one case, éﬁd a plurality of the waveform data
files may be used in another case.

Referring back to Fig. 8, a "mark 'process" is for
defining (marking) the above-mentioned data divisions of the
waveform data. First, at step S5, a desired one of the
waveform data files for which the data division definition
(marking) is to be conducted is designated and read out from
the waveform memory 10 for visual presentation on a paper or
display. Then, at step S6, a plurality of "same-phase points"
are selected from the displayed waveform data list and the
waveform data are divided into a plurality of data divisions
on the basis of the selected same-phase points, so that the
data divisions of the waveform data are set. After fhat, at

step 87, respective sizes T of the individual data divisions

are determined and written into the waveform division



necessary that a performance be executed in such a manner that only the
nodul ating depth is varied while the nodul ating cycle is kept as equal as
possi ble and the tone pitch is of course kept identical for every

nndulatlng dept h. Figs. 10A to 10D are diagranms show ng exenpl ary
manners in which the waveformdata are stored in the waveform nmenory 10
and.the waveformdata are divided into dagg@ divisions. In the illustrated

exanpl es, a plural -cycle waveformof attack portion (attack-portion
- waveform representing a rising
REPLACENEhn'ngQmmatlon memory 15 (Fig. 2) in associatgpn with ?kﬁtfb%eof

~a tone and plural-cycle maveforns of | ooping portion (loop-portion
wavef orns) BaRf P pr &8ent vayeferm dafeceedi fPeust At YR o %'f tHae

stored Ieog;o;gg "c%wfe?ranraa?mlréglgaﬁ R e R
10B EL.g. .10
modbi ati on (FEKS 100ISC ikt T GHUF At ace ABPLPBTRuShaPorhS ot odnBEST

i s stored fo%cﬂé,gu'eaﬁsm&tw ofhabbesa! nc Ste that mcgs o ep g1 400

and levels o | at 1 on. Note ese exanples are

il lustrativerpyogRs aRAi¥Ddual déeataak;qs%\f@f OhaP BRY @eof@delw the
obt ai ned and stored In any ot her suitable form For exanple, a

plurality ofma@héafig data sivrdgl aveuehOEHEn Nhe RavIfRAa Admbitry 10; that
corresponding rel ations to presence or absence of nodulation and

| evel s of noils} athenstoféd | conrtests 1A the hddyefoxyht diw s bom cirsf oapa tbemt
an address i ncrementing direction in the waveform nmenory 10.

Fi g. 10A showgmer LY tmex-berceonbaipedfbnnthe viareging data storage rrea
"m' is an arbitrary natural nunberﬁ data divi sions. Here, for

conveni ence ®f HéderOpti ot the &9 AOUFOQSQGE§§%H§1°?O ahsakdts i ad@Re$F om

each ot her uglg Vaf fggtlée o%t %he respective head addresses of the

individual waveform data file stored in the waveform memory
10 and data indicative of respective sizes T of the individual
data divisions will be explained as being stored in the
waveform division information memory 15. As noted earlier,
it is preferable that the boundary points between the adjacent
data divisions be defined (marked) with resolution finer than
a phase angle corresponding to one address of the waveform
memory 10. Therefore, the data indicative of respective sizes
'T of the individual data divisions each include a decimal
value rather than being comprised only of an integral value
corresponding to the total number of addresses in the waveform
memory 10.
Now, a detailed description will be made about several
exemplary applications of the TSC control scheme.
[Application to Periodic Tone Modulation Control]
First, a specific example will be described where a

periodic modulation effect, such as a vibrato or tremolo, is



ordi nal nunber sequentially taking values "0, "1". "2", "ml". "A0"

"ALl", "A2", ... represent start addresses of the correspondi ng data
di visions and are generically denoted as "A.  "“TO", "T1", "T2",
represent sizes of the 25 corresponding data divisions and are
generically denoted as "Tj", and the size T) is, for exanple, data
I ndi cative of the nunber of addresseg1 (4 he nunber of wavef orm sanpl es)
cont ai ned in the data division and including a decimal fraction part
- as - 63 - wel | as an integer part as
~noted earl i epontrollediip acgmEdamee sHdEh dbesA§k cABTrodpsehene embE¥edr m
~divided into . "n + 2" (h "n" is an arbitrary natural nunber) data

ere, _
di visions. iPetke pyegent embrEdmPAtron are distinguished from each ot her

tusing variable i {hat .takes gne__of values "0", "1" and "2". "i = 0"
represents absenc °ofth37ﬁncﬁli"‘§ti8ﬁ 5§ .mmﬂﬂ,opmfae’ﬂns'r efr ¥ Ne um

| evel nodul gt Fi ng_ "i_ = 25 (ent '
(Flg. 10 creRSie blirgdtinncd e actustiy e MO fHodeBiilhea
h-1 M0 e tQrence il (OF- in; corAlsBonaehBl with Al optionatlsPen
"A10", "All ]Tefgrenﬁﬁzeltcrllslﬁg%nc,obﬁﬁgsgone r%p‘fr”égent s?parjt'o%%ld:%ss%s of
the correspogfli gt dtangdl) i8S of al B@sk #8A- RALLFrEY HEYEEST "EndbEuRéRt
generically denoted as "Aij". Sizes of the correspondi ng data divisions
are generi caghghdeawt ad gsridgéd, omndwihd sidetriumens, daiml andresihivendf
t he nunber of addresses (waveform sanples) contained in the data division
as in Fig. Ilpérformancentenehisfrederdedptpanpled) wewestons, théerdveformwo

data divisions (denoted by j = -2 and j = -1) constitute a "connecting
‘wavef or m seg@eba" inteyi §he tWAREPEMt aemMer¥npdPh it ofthectakpver desentbed
attack-portion waveform which is not subjected to the |oop control,_i.e., -

repetitive rBaGReT-: iAf the same time, other necessary information is also
stored into the waveform division information memory 15.
Preferably, waveform data of the performance tone without a
predetermined modulation (such as a vibrato) and waveform data
of the performance tbne with that predetermined modulation are
stored, for a predetermined tone color (natural instrumént
tone color). It is also preferable to store waveform data of
performance tones corresponding to several different depths
of modulation; in this case, in order to guarantee common
effectiveness of the TSC control parameter, it is only
necessary that a performance be executed in such a manner that
only the modulating depth is varied while the modulating cycle
is kept as equal as possible and the tone pitch is of course
kept identical for every modulating depth.

Figs. 10A to 10D are diagrams showing exemplary manners
in which the waveform data are stored in the waveform memory
10 and the waveform data are divided into data divisions. 1In
the illustrated examples, a plural-cycle waveform of attack

portion (attack-portion waveform) representing a rising



the illustrated exanple of Fig. 10D, a "l ooping waveform segnent" that is
to be subjected to the | oop control or repetitive readout consists of n
dat a di vi si ongnigsieiRsBéy Replaced 0,1, 2, ..., n - 1. The.gonnecting waveform

segnent is a nt obtained by a cross-fadpseh en
a first predet m segnent snoot hly connegti A
- 64 - wtht nt of the attaclggparti on wav

t1ng
predet ermi ned wavef orm segnent smoothly connecting with the star
t he | oop-portion waveform. and it serves to provide for a snooth .
connect i on qoxtiamsfof faorhonee and Whunal-wiyalee WEVERERTPS tPHn LRARIMS m
to the start point of the |loop- portion waveform Wth such a copnecting
wavef or m segarttion a éﬁﬁ@?hppﬁﬂiépﬁonﬁ&‘ﬁ%ﬁ?ﬂ!‘%) acRPEPed FRPTREERFLUAI cif
| oop- portion waveformthe attack-portio \é\:%\égf orm may be conn c&gd HO at

the tinme of FWireadRDbIGEELBAR 9%t h Y By RS egRent Shay
b ticul f th i gL pal f [ |
ohar acrer | SO £0- o abhen it e craTRa, JHailes) [he TERBILal ueRp! ©

guestion. ' I'n such a cas

range of -the origi nal, MANGIOY cAQdeKabAE! i endhe thoddZabion RGE! 108),

mul tiple of RN 1odd ating cycl'e may be selected, I1n order to prevent

unnat ur al neg iR aj Lesssl Jhaod)oandareadaptth great | n
t he exanpl ezoct}){fwl%%syggg%\ht gdé?g]f)wﬁ? wav ef o‘?%gt reado)ut during the 9

reproduct i oy dBRYLPSESNt (BlgY DEephy hha thenvanly @tdldck-poawiond emavettout
techni que, except for. portions pertaining to the TSC control. Nanel y,
once an i nstrigsi DOAYO i astorede fpancuse | drrespgcténe tdfe puestocsm aft a
of the attack-portion waveform (Fig. 10A) are read out once fromstart
address AS tabsentedof ewodaEating enén kdwels of modulation. Note that

these examples are merely for illustrative purposes and any
suitable waveforms may be made or obtained and stored in any
other suitable form. For example, a plurality of attack-
portion waveforms may be prepared in cqrreSponding relations
to presence or absence of médulation and levels of modulation.
In Figs. 10A to 10D, rightward arrows represent an address
incfementing direction in the waveform memory 10.

Fig. 10A shows the attack-portion waveform divided into
"m" (here, "m" is an arbitrary natural number) data divisions.
Here, for convenience of description, the data divisions are
distinguished from each other using variable j that is an
ordinal number sequentially taking values "O", "1", "2", ;..,
"m-1". "AQ", "Al", "A2", ... répresent start addresses of the
corresponding data divisions and are generically denoted as
"Aj". mpo", "T1", "T2", ... represent sizes of the
corresbonding data divisions and are generically denoted as
"74"  and the size Tj is, for example, data indicative of the
number of add_resses (the number of waveform samples) contained

in the data division and including a decimal fraction part as



connecti ng wavef orm segnent of any one of the |oop-portion waveforns shown
in Figs. 10B to 10D is read out. Thereafter, the | ooping waveform segnent
of the | oop-portion waveformis read out in a repetitive manner. As

previ ously noted, such | ooped readout control may be carried out in both

t he act ual - 65 - read address
- calculator 16 and the virtual read addresgz cal culator 17, or only in the
virtual read address cal culator 17. When the nodul ating depth is

changed in real tinme in the course of tone reproduction, the |oop-portion
wavef orm t o wellraadanuintegewi pehtdasonatedhenrdner. |f, for exanple, the
nodul ating depth is changed to the nmedium | evel nodul ation when a

“particular data dF¥gsiod glocja&d 130Pshpy thep- O%THQW%VWWWHF

Fig. 10D is being read out with ne great ulatin the data
readout swi t@?ﬁé%g?g &”&ﬂre’épd*ndé d%?sﬁ&n ?’g 1trar¥) %?t‘t‘ﬁ%I

I OC Mh th
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f t -
we?grgrgfglgs%gﬁg‘%%ggﬁdf%)%% e%Llerp rngml ve %Bg%néﬂgg?g?ﬁéﬁéﬁ(&g
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conventional Iy known and fherefore is not specifically shown here.

The fol | ow ngo@alagienhs(Egcr ilos)t,herst oz edi nirepirakedts | RelhamWaredor M
division information nmenory 15 with reference to Figs. 10A to 10D For

exanpl e, datmodhlahioma(®igs MOC)hamd 't Fi2)s reprdsentsOfraeat medibeEti cis
waveforms for a given tone color, and the following information is stored
in (Fig. 10D). "j" is an ordinal number sequentially taking
values "-2", "-1", "OQ", "1", "2", ..., "ln-1". "AQ-2", "AQ00",
"a01", ... "Al-2", "AlO", "All", ..., "A2-2", "A20", "A21",
... represent start addresses of the corresponding data
divisions in the loop-portion waveforms and are generically
denoted as "Aij". Sizes of the corresponding data divisions
are generically denoted as'“Tij", and the size Tij is data
indicative of the number of addresses (waveform samples)
contained in the data division as in Fig. 10A.
In each of the loop-portion waveforms, the first two
data divisions (denoted by j = -2 and j = -1) constitute a
"connecting waveform segment" provided to guarantee a smooth
connection with the attack-portion waﬁeform, which is not
subjected to the loop control, i.e., repetitive readout; in
the illustrated example of Fig. . 10D, a "looping waveform
segment" that is to be subjected to the loop control or
repetitive readout consists of n data divisions denoted by j
=0,1, 2, ..., n - 1. The connecting waveform segment is a

processed segment obtained by a cross-fade synthesis between

a first predetermined waveform segment smoothly connecting



t he wavef orm division information menory 15 as data division information

for that tone col or: _ start address (absol ute address) AO of the
first data division of the attack-portion waveform

- 66 - data (j =0, 1, 2, ..., m- 1) indicative of the
respective sizes Tj of the individual data divisions of the attack-portion
wavef orm start addresses AO 2_ 6412, A2-2 (each absol ute

address) of the respective first data divisions of the individual

| oop-portion waveforns having different nodulating depths; and

data (i = 0,withZhg end Ppint, off, tie &ttack-portidn wawvediorat emd af sedend
respective sizes Tij of the individual data divisions of the | oop-portion
wavef or ns hapredetéfhinedt wawefiorat segmeadt iIsmoothly connegtings ofiokhm the
division information nenory 15, there mmy be stored, in place of or in
addi tion to $herbapaintn@ifcfhe cleAP PRI HeR WRVEEPHR, sPRds it sasmutee

address values of the start addresses of the indiv'du%%_datgp'diﬁisipns.
However, becBERELYR LS FRPOTRIGPBRECTLPRT TTANT B hPesead PetRte

dat t th t . | cat | f t.he dat | VI.S] ' T
e more prevEra SRR R R, PYRIPD OoHRr IR RuRsar oP o Hhe AR
storing 't he%éé\@i{féﬂrgégéfbﬂnof‘ Wi A" KRN0 '&H&%ﬁfﬂﬁfgﬁﬁ S$&3ment,
i nformation menory 15 as mentionéd above i s nore advantageous in that i

can effectivgl ynda¥s LifGerdinmREtIIN Ade S&ERBEVEY ndf mbitefeWHIEN S1oop-
Because the size Tj or Tij of each of the data divisions represents a

di fference bgbieeon tBrSterh Tl ATackRlpddTidn waveform may be connected

t

to at the time of tone reproduction. Note that the looping
waveform segment may be a particular range of the original
ﬁaveform which noticeably presents characteristics of a
modulation effect in question. In such a case, a range of
the original waveform egquivalent to about 1/2 or integer
multiple of the modulating cycle may be selected, inlorder to
prevent unnaturalness of the modulating cycle based on the
loop readout.

In the examples of Figs. 10A to 10D, the waveform
readout during the reproduction may essentially be by the
conventionally-known loop readout +technique, except for
portions pertaining. to the TSC control. Namely, once an
instruction to start tone generation is given, the waveform
data of.the attack-portion waveform (Fig. 10A) are read out
once from start address AS to end address AE, and then the
connecting waveform segment of any one of the loop-portion
waveforms shown in Figs. 10B to 10D is read out. Thereafter,
the looping waveform segmenf of the loop-portion waveform is
read out in a repetitive manner. As previously noted, such

looped readout control may be carried out in both the actual



adj acent data divisions, the follomnng relatlonshlps may be obt ai ned:

T = A+l - A - 67 - Tij =

Aij+1 - Aj Thus, the start addresses Aj and Aij may be eval uated from
] = AO + Jerr] T where [err]T represents a result of cunulatively

adding Tj in the range of | o, 1, 2, ..., j-1, and Aj = A-2

+ lerr]Ti where [err]Ti represents a resslt of cunulatively adding Tij in

the range of j = -2, -1, 0, 1, 2, ..., j - 1. Because each of the sizes Tj

and Tij of the data divisions is of a value including a decinmal fraction

part as wel Ireedaraddmrcpécula@m ekpommidngthe anirtnpleszepf tadress

wavef or m menor each of the start addresses Al and_Aij of the data

di vi si ons C%?iﬁ %?E@roﬁ7¢rﬂ¥tﬂﬁ%¥;%ﬂ=tbﬁeV§F£8§1|§eaﬂs%d6$e%$v%ﬁ{EP ator

i ncludi ng an §nteger part corresponding to an address of the waveform
menory 10 ant’ a deci mal fraction part. Because, as previously

rent {oned. 1 he 1 SGeRUME Sohih 4 I (RSB A0 AR SO LEARORHRD0: AOpRDS

or more of the d dI'vi st ons acc contr

start . addr e3sube ¢ Atong rebEosbiLtI6H; o aieo;suefaﬁpah Wv%ﬁorrﬁ’v%%éﬁd

usi ng the above equation egi ster 21 2 stores t

thus- eval uat gdagt 8at i@d@WE%dﬂedﬂthéné%héﬁeonéataIQ'VEEﬂ”bi&MﬂEh the
currently read out. Note that the TSC control schenme enployed in the

present enbofibd®ldting agpithcal ecHangeadPr -6 ueheomedli uinh & edidlaakod@l 4 tDdn

waveformas well as reproduction of the | oop-portion waveform Wile only

the start adehessaAppritdceiiamwn dataFidlvisian stered, ih €hd) in the loop-
portion waveform of Fig. 10D is being read oﬁt with the great
modulating depth, the data readout switches to a corresponding
data division (e.g., j = 1) of the loop-portion waveform of
Fig. 10C. When an intermediate modulating depth between the
prepared.depths is desired, it may be provided by reading out
two or more of the stored waveforms of different modulating
depths (e.g., waveforms of Figs. 10C and 10D) and
interpolatively synthesizing the read-out waveform in
accordance with the desired depth; this approach is
conventionally known and . therefore is not specifically shown
here.

The following paragraphs describe the stored information
in the waveform division information memory 15 with reference
to Figs. 10A to 10D. For example, data of the waveforms
shown in Figs. 10A to 10D are managed as waveforms for a
given tone color, and the following information is stored in
the waveform division information memory 15 as data division
information for that tone color:

start address (absolute address) A0 of the first data

division of the attack-portion waveform;



register, it should be obvious that the start address Al is stored in the
regi ster 21 when the attack-portion waveformi.s

- 68 - bei ng read out. The register 19 of Fig. 2 stores variable j
indicative of a data division being currently read out, and the register
22 stores variable i indicative of a nodulating depth of a currently
read- out | oop-portion waveform To perforggcy oss- fade synthesis, the
data j, Aij and i indicative of the currently read-out data division, etc.
of each of the primary and subsidiary cross-fading waveformregion data
are stored into thedetpedikter9,19, 2, and-22M reshécipdipptive of the
Further, the register 20 of Fig. 2 stores the read _pointer, p, pointing to
one of the akeSRPCtEYR siapEsldsofadhe imdivdeyadoidats Q}Y%§i§h§.%%t e
that, for eac@ of the data _divisions, is set to a predetermned initial
val ue at the? HREFTRPRGICP Vﬂgegafﬂ’division and then sequentially

I ncrenents (or decreg%gg%)lgﬁé%gggggjL%%§¥§r¥u9&§deﬁggginggacﬁa LO0Bute

cycte; nanmely, the read poin prs, 10 spea progressive phase (read
address) dat addﬁéégzl d£aqrRddrespecRiPel Nether f 4R daR 1St graddngss
value is generated by adding the start address AJ or Alj of the data

division to ihdfvi@adl Pdh-PoPeid¥ wiRldfdriMhavihgeasPrafehesiodildteng

wavef orm menory 10 is expressed in an integral value, pitch information is
represent ed depthyal amdi ncl uding a decimal fraction part; thus, the read
pointer p is a value including a decimal fraction part. Accordingly, when
the data readout isdadasilfift Orom,0@ (f i=r 312, ddt,a Gi Vli,sidn L0 anothel)
(second) data division, a value of the size Tj or Tij (including a

deci mal fracindicabive of the Hespactisten sdizgssTéd p§ the individual data

divisions of the loop-portion waveforms having different
modulating depths.

In the waveform division information memory 15, there
may be stored, in pléce of or in addition to the data
indicative of the data division sizes T, absolute address
values -of the start addresses of the individual data
divisions. However, because the absolute address wvalues
require more bits and hence more data storage space, the data
indicative of the data division sizes T are more preferable
because they require a smaller number of bits. Thus, storing
the waveform division information in the waveform division
information memory 15 as mentioned above is more advantageous
in that it can effectively save the limited storage capacity
of the memory 15.

Because the size Tj or Tij of each of the data divisions
represents é difference between the start address values of
adjacent data divisions, the following relationships may be
obtained:

T§ = Aj+l - Aj



subtracted froma current value of the read pointer p (also

- 69 - I ncl uding a decimal fraction part), and the subtraction result or
difference is added, as an initial value of the read pointer p of the
second data division, to the start address A} or Aij of the second data

di vi si on. This is also a conventionally-known approach for accurately
achieving a desired pitch frequency and ggnce will not be described in
greater detail here. In the cross-fade synthesis, the read pointer pis
shared for the primary and subsidiary cross- fading waveformregi on data,

I .e, between the pri fdgy=an@dijsudbsi-di &iyj cross-fadi ng channel s.

Al t hough not specifically shown, registers simlar to the registers 19,
20, 21 and 2Phuse theospasti addreassesoPdeantioAldi mAYt be eveilygitedefaom
address cal cul ator 17.. Because t@g subsi di ary cross-fadi ng waveform regi on
data is required i nAdh& viAQtudl r2Bd address calculator 17, it is only

necessary to storewgne set of variables i and j .and start _.address.Aij, (or
M) Tor T he WheTRr T FEBEER8NthyR AORILE T Rl aELY epdalig: T1°1R
contents of the re oinkgers p, in the.actual .read address cal cul ator 16
and in the vf?g%ﬁlggriaa gdd?és%’céréﬂlﬂtg( d'differ from each other.

More specifically, ﬁﬁﬁlg thg _wead porpjer p in the actual read address
calculator 16 increnents at a rate or advanci ng sl ope corresponding only

to the "pitcghépé OBl ripreddiftd WGrediPit ¥ dunuldtBraiy taltdingani fdgs ess
calculator 17 increnents at an slope corresponding to a val ue determ ned
by variably tkentangéi 68 fhe petchii,nbgrmgti2gn wi.t,h ja -stlr.et decnngs esscion
rati o SCR . Whereas variable i has been described above as
of the sizes Tj and Tij of the data divisions is of a wvalue
including a decimal fraction part as well as an integer part
corresponding to an address of the waveform memory 10, each
of the start addresses Aj and Aij of the data divisions
calculated on the basis of the sizes is also of a value
ipcluding an integer part corresponding to an address of the
waveform memory 10 and a decimal fradtion part.

Because, as previously mentioned, the read address is
shifted by an amount corresponding to one or more of the data
divisions according to the TSC control scheme, thé start
address Aj or Aij of the shifted-to data divisioﬁ may be
evaluated using the a£ove equation. The register 21 of Fig.
2 stores the thus-evaluated start address Aj or Aij of the
data division being currently read out. Note that the TSC
control scheme employed in the present embodiment is
applicable to reproduction of the attack-portion waveform as
well as reproduction of the loop-portion waveform. While only
the start address Aij is shown in Fig. 2 as stored in the

register, it should be obvious that the start address A]j is

stored in the register 21 when the attack-portion waveform is



- 70 - corresponding to a nodul ati ng depth because the description has
been given in relation to nmodulation, it may correspond to any other
wavef orm nmodul ating factor or parameter as long as it designates a

vari ation of a waveform For exanple, the present invention may be
practiced using, as variable i, any desired waveform nodul ati ng factor
such as a variable indicative of brightnggs-of a tone color, performance
intensity (velocity) or elapsed tinme froma start point of tone
generation, or a nere random numnber. The foll ow ng paragraphs
descri be a deeidngeveadanpte of processing carried out during tone
reproducti on. 11 is a flow chart illustrating a nmain routine of

Fig.
a processing prog?aﬁ1%gﬁi§$thé906ﬁtF@91ﬂ%tS?REFﬁﬁVQ#%ékﬁﬁ J Ui tkYe on
f the devi th in routi K ti t . Wh ft det ' d
Chi il sat 19k PriRtR diiien badhg SusfBtly, shateut) nehadehs TegtalRf o
! 1 .
Cetting operdt BPopPeLveRiap el it € 8E PRCRBNT aThEP debih R o

manner. —1n éﬂfréﬁ%fﬁ"‘fé&&-Bﬁ@Cféékﬂgo%i e@a%@orﬁ{?”'ﬁgsﬂeeﬁ 5 AldD ﬁgre

executed in response"to a key-on o ey-oft ~event on t ard 1
that is, a kgya@nsPHtiMedllOCethie Hath Jj, 12AiljS S@CY! efhaodefied eole ophef a

key-on event (i.e., a tone generating instruction). |In the performance
oper at or progessenglefréadpodd Aaty alivilsti dipelertid .0BE eath o€XERe!Eflimdry
response to activation of any of the other performance operators 101B, as
I 1l ustrativeand shobaidhaEygcross-fhadinge wavetfiomrg oegiamno dateocGassi sigoodd
step S14, various operations are executed in response to activation of any
of into these registers 19, 21 and 22, respectively.’
Further, the register 20 of Fig. 2 stores the read
pointer p. pointing to one of the actual read addresses RAD.
The read pointer p is such data that, for each of the data
divisions, is set to a predetermined initial wvalue at the
beginning of the data division and then sequentially
increments (or decrements) periodically every predetermined
sampling cycle; namely, the read pointer p is, so to speak,
progressive phase_(read address) data. Actual read address
RAD in the form of an absolﬁte address value is generated by
adding the start address Aj or Aij of the data division to
the read pointer p. As well known, if each address of the
waveform memory 10 is expressed in an integral value, pitch
information is represented in a wvalue including a decimal
fraction part; thus, the read pointer p is a wvalue including
a decimal fraction part. Accordingly, when the data readouf
is to shift from one (first) data division to another (second)
data division, a value of the size Tj or Tij (including a

decimal fraction part) of the first data division is

subtracted from a current value of the read pointer p (also



- 71 - the setting operators 100. Instead of the keyboard 101A and the
ot her performance operators 10B being directly connected to the control
unit 102, there may be provided in a MDI interface circuit so that
key-on/ key-of f performance information and other perfornmance information
Is supplied, as MD information, to the control unit 102; this :
alternative can appropriately perform prggesses simlar to those of Figs.
11 to 13 by checking the contents of the supplied MD information.
Referring now to Fig. 12, once a key-on event has been detected,

i nf or mat i on {rcluding\a degdmad) fragtiani parbl, angithehsubtractioncreankt ed
~to the detected key-on event (i.e, _the tone designated_for sounding) is
~stored into @rndifigrepee isgiadded.\\as AR i Hrbbied | IR1USYi @&t ithe ofead
initial touch _intensit

i.e., | ogj t tg) .of the t | at ed t h
det ect ed keyPSHYESENP ?¥ %i\&?é&cﬁﬁég%é%a i %%F)egitng é&‘ne\ell'ﬁrfea’?tateag‘ﬁg%s%ia
Then, at step,S16 f I | i f ..ch s i I d
asgingngd Z_se tSH’e'-‘S’g%e%%?oﬁ’%ﬁ ﬁﬁérn% IC,ér%f%r d&%&%ﬁ?ﬁ‘gsoﬁé‘% E{r:_eeg’é%gra i on
of the desi gc?éﬁ\?%n{:i)&?allgﬂlgn@wﬂm &é&?”%’oxﬂpgﬁéhr%ﬁwe ééﬁig@fﬂg a

channel is store I nto ah assi gned channel register Thereafter; at

step S17, V@ééPrsSai pieEARIFreluesesS Wid Hélcd heiiPNRoECRR Adsihibed/Cin as
wavef orm sel ecting information corfesponding to a currently-sel ected tone

color and enyeb@pPsri AébaiBt hefe.i S InCithe HrosEade vty H0gitéad s
113 (Fig. 1) designated by the channel nunber stored in the assigned
channel regipdtnteASR is Hehharedt fferwethef opindmastye candg sublsdidimnyocrasstich
i nformati on specifying particular waveform data to be used for
fading waveform region data, i.e, between the primary and
subsidiary cross-fading channels.
Although not specifically shown, registers similar to
the registers 19, 20, 21 and 22 'are also provided in
connection with the viftual read address calculator 17.
Because the subsidiary créss-fading waveform region data is
required in the virtual read address calculator 17, it is only
necessary to store one set of variables i and j and start
address Aij (or Aj) for the primary cross-fading waveform
region data. . Of course, the contents of the read pointers p
in the actual read address calculator 16 and in the virtual
read address calculator 17 differ from each other. More
specificaily, while the read pointer p in the actual read
address calculafor 16 increments at a rate or advancing slope
corresponding only to the "pitch information"”, +the read
pointer p in the virtual read address calculator 17 increments
at an slope corresponding to a value determined by variably
controlling the pitch information with a stretch/compression

ratio SCR.

Whereas variable i has been described above as



-72- the tone generation in the channel; nore specifically, this

I nformati on desi gnates four waveforns, |ike those shown in Figs. 10A
to 10D, fromanong a plurality of sets of waveform =~ data stored in the
wavef orm nenory 10. Further, the envelope 5 information is such

i nformation indicating target val ue data and variation rate data for
each broken line (inclinations of 1 hgy ndi vi dual broken |ines) for
form ng a "broken-1ine" envel ope for controlling tone volune or the
l'i ke. Anmong various information set in the control register, 10
113 of Fig. domrespandinglet«G: modulsting denthTeeszﬁusgoﬂ@eofdescnRﬁm
information |INF shown in Fig. 2. Furt he associ ation Wt

t he stored(hﬁﬁebﬁenﬁgivenasglgﬁéétéﬁanﬁglmOdU1aFéSPstéF RSX GHFREP

n the control re ter 113, tch f " di t h
:‘requency oftq @iggth%é”aéfqm éﬂy‘i‘blaﬁl"lép%o ngé 03?11' th(%%i%on Ioan ]T?)rpl C
t d { ft t t t
Wth the st FodCamstamated o TAIRITEn BRaRrarvREaTar o F R ol £ )
are set, in the control [ vk Dol 4 4l t iy,
dept?\ i nf Ior r%’f?‘%?PWVL Fﬂdﬁ %¥ f&L"H(@éd \igéoqﬁfo(dqﬁ a‘ﬁrnlg) i nf%r Imatt I on
M. Further,q fé@o%?«{] d el trﬁbcilrfaung SE&EESE CORiGt £ (e vassi gitRl

channel regls ere are . set, in the control register 113,

various tar Q@ﬁdi@éﬁ@ivéiat@f brigthes | as£ OMa I atcnelatadlar be pesstbrimance
envel ope formation. Specific pieces of information to be used for

gener ati ng tDieengbry S{9ebbeity)aorhalapsedy -tcivennétomasi stargd point of
conventional |y known and may be of any desired design, although not
descri bed hetene generatlibonj|or avaereuzandem wwHberformati on thus set in
t he control register 113 for the individual chanpels are fed t
The following paragraphs describe a detailed example of
processing carried out during tone reproduction.
Fig. 11 is a flow chart illustrating a main routine of
a processing program run by the control unit 102 of Fig. 1.
Upon power-on of fhe device, the main routine is activated,
where after a predetermined initialization process at step
S11, regular routines including key switch processing (step
S12), performance operator processing (step S13) and setting
operator processing (step S14) are carried out in a repetitivé
manner. In the key switch processing of step S12, wvarious
operations are executed in response to a key-on or key-off
event on the keyboard 10l1A; that is, a key-on event process
of Fig. 12 is executed upon detection of a key-on event
(i.e., a tone generating instruction). In the perform&nce
-operator processing -of step S13, various operations are
executed in response to activétion of any of the other
performance operators 101B, as illustratively shown in Fig.

13. In the setting operator processing of step S14, various

operations are executed in response to activation of any of



-73- t he wavef orm generating section 111 and tone vol une contr ol
section 112. Finally, at step S18, a note-on signal I nstructing
tone generation in accordance with the stored content of the assigned
channel register ASR is fed to the 5 waveformgenerating section lil and
tone vol une contr ol section 112 by way of the control resister 113. In
response to the note-on signal, the ywaveform generating section 111
and tone volunme control section 112 initiate operations to read

out a waveformand to form and generate a tone volune 10 envel ope. These
oper at i ons i bhehsetbieg cppepeherat 109- se€m$§%ad of Yhg Igybeand Rnand

control section 112 are carried out for i ndi vi dual channels on_t he
ti me-di vi si obB® QEE#E;PerfOrmancequqqﬂ$Q£§1¥94PaHEénSp@%ﬁ?ﬁF ¥rowrerhed of
Fig. 13, a eterm nation iLs filst e at s s19 to mhet 15
pr edet er ni nefid (anﬂFﬁq HﬁlﬁaQQ%Wl ejpa gr&é?QEP%k Vb

oper ati onal hng%f |on Izlrﬁrl%'g‘“ d theﬁiﬂéfre dv= o) t-8'5€§. ?erf%frﬁgnce

predet erm ne

affirmative iXEé}:mé'Elél%;%(?]& V‘in‘ffo];'matlotnhgs éﬁﬁ?fféﬂveas

operational states |nd|V| ual 20 "péerformance operators {or

perfornmance upbHer PRELLAAtEGA, Siel @he contrdll UAR JUL; IR CALEEERLOINEY
register regions in the control register 113; for exanpl e, after-touch

data i s storean appropiiately Serfomyiprookbstyl sipdlalr 1o dhbseobfthbgsheel
operator (wheel data) is stored into register region MH. 25 Real-tine
control of the twwnelBo pr gheckingd theexontesdts ofusthe) shppdiegerMIDhg
data (or performance information) as a control paraneter. The follow ng
steps S21 antn&rmabiens m operations to create a control paraneter for

modul ati on . .
Referring now to Fig. 12, once a key-on event has been

detected, information (e.g., key code KC) indicative of a
pitch of the tone related to the detected key-on event (i.e,
the tone designated for sounding) is stored into a note number
register NN, and information indicative of initial +touch
intensity (i.e., velocity data) of the tone related to the
detected key-on event is stored into a velocity register VEL,
at step S15. Then, at step S16, any one of a plurality of
channels is selected and assigned as a tone generator channel
CH for sounding or audible generation of the designated tone,
and a unique channel number of the assigned channel is stored
into an assigned channel register ASR. Thereafter, at step
S17, various information necessary for the tone generation,
such as waveform selecting information corresponding to é
currently-selected tone color and envelope information, is set
into one of the control registers 113 (Fig. 1) designated by
the channel number stored in the assigned channel register
ASR. Here, the waveform selecting information is such

information specifying particular waveform data to be used for



- 74 - contral; for example—at—step 821, nodul ating depth information

M. is set in accordance mﬁth the after-touch data stored in register

regi on AT, and SrhissShepis ating speed information MSis set in
e |nfornat|on M. and

accordance with t
be obvi ous t hat
er

dependi ng on any o

stored in register regi ﬂﬂw“ e tSHOUI d

&ﬁHdHAsaEEﬁti
actors Theyghove- nent i orled noBEPEAGH spe¢d

information M5 is processed in the converting section 18 as NeECETSSafy—s

- that it can be used as a basis for generation of data of the

~ stretch/ conpthestoner gener8CRonFén dhemshannel ;t monep cipei figaklpedthis
information M5 is of a predeterm ned natural value, the

stretch/comﬂ@%@#@ﬂt$@ml§e§¢9nﬁ§e§e¢QH?"W?V%ipﬁmﬁﬂ 1ike 6hPQEnahown in

nmodul ating cycle (nDduIatl speed) is used without stretchin

conpr essi ng ¥HeS st PR dEQal@F or %t%!“%ﬂ‘%n@ pheralite okjsets o H’éa"eform

dul ati d inf | ] the
or et er i el RBUTTRO0 At Fhe (iR T8 BEREEd A Bormpr GEERDR: (YT (PRRLTRS do

Lo be 0" eat el e SlmaURLL olo {130 dnesSndihn CAUIALEL0L eegpgﬁewamet@&a

stored wave*orm a stretc or conpresse axl s

the TSC contgoh &ﬁﬁ&&g uxltél?e FHaﬂl:%e%re edl BFBkehollﬁQe( fx@% 61§ Of

decrease the original nodulating cycle ating speed

at all. In the case where the TSC control schene is applied to another

pur pose t hanehvelopsufat i 6ntrdllingntynaegokameyorhghechikeol data

i ntended for that purpose be supplied to the convertlng section 18 in

pl ace of the noduhmonggvepdeus rinfomtetdonVet in the control register
113 of Fig. 1 are key code KC, tone color code TC and some of
other information INF shown in Fig. 2. Further, in
association with the stored content of the assigned channel
register ASR, there is set, in the control register 113,
"pitch information" corresponding a pitch frequency of the
tone allocated to the channel on the basis of the stored
content of the note number regsiter NN. AJ.so, .in association
with the stored confent of the assigned channel register ASR,
there are set, in the control register 113, initial values of
modulating depth information ML and modulating speed (or
modulating) information MS. Further, in association with the
stored content of the assigned channel register ASR, there are
set, in the control registe_r 113, wvarious target level data
and variation rate data to be used for envelope formation.

Specific pieces of information to be used for generating tone

signals on a channei—by-channel basis are conventionally known

and may be of any desired design, although not described here

in detail. . Various data and information thus set in the

control register 113 for the individual channels are fed to

e carried
out Wi thout {ré! YeRERVAGUNL Bbéﬂéhnglltdé%)lm ({3 Q‘.foxtﬂli.ﬁhd oabeum@lp;hé-one

rough

y



- 75 - The converting section 18 of Fig. 2 is capable of variably
controlling the manner of converting the nodul ating speed information M

and ot her input inf ormts},&mgsmujh@dof the stretch/conpression ratio

SCR, that is, the conv can variably conjel—the~eomersign
function. Next , E“‘ ‘%N
wavef orm generating se r recpti on of theg not eREHLA@EanaI

" vV
Will be made about| HERASHEET HAS F
with reference to Figs. 2 to 4 and 10. First, thestart address AO of
the first data division of a given attack-portion waveform.is read out
fromthe wdhef oravefiormsgeneratingt septhenolyl13nd; FORE ¥PdMAEe SANFol
wavef orm sel ecting information such as tone colo ode. TC and key .code KC.
The read- outsesttdan addidess ABLPE1i¥d t BTt h%teact%]aé' r ad rﬁﬁ_&% (,ségéiﬂ%'ator

16 and virtual read add | cul ator 17 and is th
add o5s A | RGO FPRR: SRTSEAH, B SPRPRIRRiR. B tn (Red Hrorpd |

the «calcul ators 16 d | il . , % D"
S -set, as \Fac?l}taebqjte (?Pi ﬁ%ﬁzcég |§n_ h}épd?rllak%teldazt% ? l(ﬁtﬁrsi%snl?\l ?ﬁt gé?hg:lo“@l:hé)
registers 19 . ddign C%]e?\‘élz%tt‘lrnﬁ 18ectidnl 11PN $a | Boh8SPREEEmé O cEHtralll € |
= 0, data indicative “of the size TO of the first data division is read out
from the wangloidh dii ByPwdy ¥ MiHd GohEreY relfsidiet tIS) sain indsporse
predeterm ned internal register; that is, T [err] TO Not e t hat
because the #ympe notedahasiigias otlse Maviefidra geheaalkipgr sechiomvEl brandind
the nunber of data divisions n of the I|ooping waveform segment would vary
dependi ng ortdree vohivwed ocontrel' seationelhdr énikiateapperations ko greade

nunmbers mand n can be read out fromthe waveform di vi sion
- 76 - out a waveform and to form and generate a tone volume

envelope. These operations in the waveform generating section
111 and tone volume control section 112 are carried out for
the individual channels on the time-divisional basis.

In the performance operator processing of Fig. 13, a
determination is first made, at step S19, as to whether
predetermined detection timing has arrived, in order to detect
operational states of the individual performance operators
every predetermined detection timing. If the determination
is in the affirmative (YES) at step S19, data indicative of
the respective operational states of the individual
performance operators (or pefformance information) are stored,
at step 820,  into dorresponding regsiter regions in the
control 'register 113; for example, after-toucﬁ data is stored
into register region AT and operating data of the wheel
operator (wheel data) is stored into register region MH.
Real-time dontrol of the tone to be generated is executed
usiﬁg these operating data (or performance information) as a
control parameter. The following steps S21 and S22 perform

operations to create a control parameter for modulation



I nformati on nenory 15 in accordance with the waveform sel ecting

I nformati on such as tone col or code TC and key code KC and then used for
control purposes. In response to the supplied note-on signal, the
actual read address calculator 16 and virtual read address cal culator 17
initiate operations to arithmetically generate actual read address RAD and
virtual read address VAD, respectively, -ugang the start address AO as an
initial value. The actual read address calculator 16 and virtual read
address calculator 17 arithnetically generate the read addresses in a
practical |y ceateokannépr amkammiss t et f obteRi n§2dar agiuhatidia ydepth
descri be the address generating operations carried out in the actual read
addr ess cal cinfersration Mhdlsffal in precsfapse UéFﬂeEhetﬂﬁt%HUFﬁggh data
generating ogeratlons in the actual ,read_address calcul r

virtual read tomed s%ﬂ(ﬁﬁQﬁﬁERQNrﬁglﬁ?eATas VWhust§ 'OHB nf%%in%nly

"pitch infornat dat deter | r
vartation V\nﬁ?}e"le%vjarﬁ% 'F%n raﬁ? eral &§ Brggg% wggﬁegfé@% %%hld g o7

whi | e a val ug, ghiai ned Jy fg%f%gegnt WP R OYdTEEORII e that

stretch/corrpressmn rat| IS U Suc termning data, In t

virtual readg@ggi£sSoealpidsal qrnfo%aaraﬂa VRt arddi | 118 TREKC DD &Ik I@é\ﬁlémy
cross-fade synthesis are carried out only in the actual read address

cal cul at or l8ependingAbhhatighothebagabebsstated that the registers 19, 21

~and 22 are provided both for the primary cross-fading waveform region data

and for the subsi@har abovesmnehidongdwaodudiarninge gipeedd direfoxnteet ffayl MBSV D)

paragraphs only refer to the registers 19, 21 and 22 for the primry

cr oss- f adi ngpvecessed) in the converting section 18 as necesppry so that
it can be used as a basis for generation of data of the
stretch/compression ratio SCR. For example, if the modulating
speed information MS is of a predetermined natural value, the
stretch/compression ratio SCR 'is set to "1" so that the
original modulating cycle (modulating speed) is used without
stretching or compressing the etored waveform data along the
time axis. if the modulating speed information MS is of a
value greater or smaller than the predetermined neutral value,
then the stretch/compression ratio SCR is set to be greater
or smaller than "1" so that control for reproducing the stored
waveform data stretched or compressed along the time axis
through the TSC cont:ol scheme of the present embodiment to
thereby increase or decrease the original modulating cycle
(modulating speed) can be carried out without influencing or
changing the pitch of the to-be-generated tone at all. In
the case where the TSC control scheme is applied to another
purpose than the mddulatien, it is onlg necessary that control

data intended for that purpose be supplied to the converting

section 18 in place of the modulating speed information MS.



regi on data
is reset to

unl ess specifically stated otherw se. The read pointer p
"0" in response to the note-on signal, after which the read

pointer p in the actual read address calculator 16 is increnented

regularly by a

i nformati on

while the read pointer p in the virtual read address

calculator 17 is incremented regularly bys_variation wdth (variation
rate) corresponding to a value obtained by controlling the pitch

i nformati on

with the stretch/conpression ratio SCR This results in a

di ff erence iThe heormebmtinggsestbpe b8t weeFiche 2cisarapablieaddr &ariRi3 Yand

t he virtual

read address VAD. The actual read address RAD i s

cal cul at ed hordtthldginchetheemennemief gonyerkdng: dhhe sHafedatipgysnasd

current data division; that is, - %

A+ p
manner; that
r eptr esent ed

the follo

Dy tt | owi ion:
inforRatAQH Y A% FelBPYRDAEORIPELPE: 4P 28 B8 APC
1S, | the start d i VI Si i
P Sn SRPRIRETLR TRALR ST SR E Lo hpad lyetHAg Skt

cal cul ated by the fol.l.ow Lon: . A+ '
Because the ?Ru‘é?n?ae%]gy agd%?glg%f%a%%m\’ﬁlf Jl]%.? ?@gﬁtlﬁaress {)/AD are
gener at ed i ndepe Jg?oéﬁgéfﬁpﬂiaﬁrwiiﬂebeshgﬁeAgﬁﬁhﬁﬁ%ehgﬁﬁdﬁ“bﬂrﬁhéike

are provided for eac

addresses RAD an Sanpl e data of

the attack- pdJd Rormerictidtingpseteitn 1ol aiidr aeteptdivenbifathe ricas-anit
fromthe wavef orm nmenory - 78 -

10 in accor daigealy tti therefévahce ebo Biligs es2 eso RADagéniPat ed

First, the start address A0 of the first data division
of a given attack-pértion wavefo.rm is read out from the
waveform.division information memory 15, in accordance with
waveform selecting information such as tone color code TC and
key code KC. The read-out start address A0 is fed to the
actual read address calculator 16 and virtual read address
calculator 17 and is then set, as start address Aj, into the
current-data-division start addfess registers 21 in the
calculators 16 and 17 (namely, Aj < AO).

Also, a value "0O" is set, as variable j indicating order
of data division, into the registers 19 in the calculators 16
and 17. Also, ip response to variable j = 0, data indicative
of the size TO of the first data division is read out from
the waveform division information memory 15 and then set into
a predetermined internal register; that is, Tj < TO.

Note that because the number of data divisions m of the
attack-portion waveform and the number of data divisions n of
the looping waveform segment would vary depending on the
waveform, let's assume here that data indicative of the

numbers m and n can be read out from the waveform division

variation width (variation rate) corresponding to the pitch



by the actual read address calculator 16. As noted earlier, t he act
read address RAD includes integral and deci mal fraction parts, sot
the waveform data WL are read out 5 fromthe waveformnenory 10 in

accordance with the integer part of the actual read address RAD and
I nterpolation is made, by the interpolating circuit 11, between the
sanpl e data
read address RAD. 10 Then, once the read pointer p has becone
greater in

p>Tj,

in accordance with the.dgeinmal fraction part of the act

value than the size Tj of the current data division, i.e.

t hi Sirframsatior  tneenawgy efld mire admnonsgandee éﬁrﬂbntthe W%fé’rm

di vi sion has been conpleted, and thus a predetermn enewal or
updati ng opeselkeating infammatEen guch Bfateprer cBilorl‘BOd% thFta’?% ke qrda
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hereafter, 'simlar operations are repeated such that

+
t he

wavef or m datggdMesd RIES QRN Wialus 1T edosEdEess VAR, respeavbiely) nesiny 10
and a shift fromone data division to anot her sequentlally occurs

the read poithe€rspair® address A0 as an initial value. The affual read
incremented at a rate corresponding to the pitch information. Then,
once the reatiitessd cakculatorale andiviotuak nepd address calculator 17

arithmetically generate the read addresses in a practically
same manner, and hence the following paragraphs mainly
describe the address generating operations carried out in the
actual read address calculator 16. The major differences
between the address generating operations in the actual read
address calculator 16 and in the virtual read address
calculator 17 are, as previously mentioned, that only "pitch
information” is used, as data determining the incremental
variation width (variation rate), in the actual read address
calculator 16 while a value obtained by controlling the pitch
information with stretch/compression ratio SCR is used, as

such determining data, in the virtual read address calculator

17, and that arithmetic operations for cross-fade synthesis

are carried out only in the actual read address calculator 16.

Although it has been stated that the registers 19, 21
and 22 are provided both for the primary crossefading waveform
region data and for the subsidiary cross-fading waveform
region data, the following paragraphs only refer to the

registers 19, 21 and 22 for the primary cross-fading waveform

as



attack-portion wavef orm has been conpl eted, control proceeds to one of the
stored | oop-portion waveforns. To maintain data continuity, the read
pointer p is updated simlarly to the above-nentioned; that is, p [err] p
- Tj, where Tj represents the size of the |ast data division of the
attack-portion waveform (Tm1). To read out such a | oop-portion
waveform a value of variable i for selegting one of the |oop-portion
waveforms corresponding to-a desired nodul ating depth is determ ned by
reference to nodul ating depth information M., and the determ ned value is
set into therdgiprstdit® inlesadspedbficabky vatated cothermiisaii ve of a
position (in the data division order order) of a particular one of the

dat a divisions, dThearead"peintepr®sdm iTRpatheteirQf 4Bt XeFPENSPoFDbthehe

| oop- portion waveformis set intq the registe Then,

19. in -
accor dance WQ¥E19Me Si@Pakr iaBFeR Whighy the (RPS RAT WRiu s 'l%fne- P e
wnvet or m di ASADnaRAPESM TG, 18 a1 B6Temkiseinadiila Y bY° a
t-dat a-divis) tart ad . ' A lit~H h
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1, data indlGaidniation | HA13b7 Grl - 2oRE Id¥Arlddr®lp daha che/i GioRubl Ak out

fromthe waveformdivision information menory 15 and then set into a
predet er m neghdhEs 1 SHEHESLI17 il ncseméhitelerégular2y by a véisiatiarnl

earlier in relation to the attack-portion waveformreadout, the actual

read addressyfi#f€hi svaplstiehetdate) corresponding to a value obtained(y

by adding the read pointer p to the start address Aij of the current data

di vi si on; thadntselhing hef pli.tch/i infematiomwith the styigh/ gyRprnegsion
ratio SCR. This results in a difference in the advancing
slope between the actual read address RAD and the virtual read
address VAD.

The actual read address RAD is calculated by adding the
read pointer p to the start address Aj of the current data
division; that is, by the following equation: |

RAD = Aj + p

The virtual read address VAD is calculated in a similar
manner; that is, if the start address of the current data
division is represented by Aj' and the read pointer is
represented by p', it may be calculated by the following
equation:

VAD = Aj' + p'

Because the actual read address RAD and virtual read
address VAD are generated independently of each other, the
start address (Aj) and the like are provided for each of the
addresses RAD and VAD.

Sample data of the attack—portion waveform (waveform

data W1l) are sequentially read out from the waveform memory



As nentioned, the reaTTp in the actual read address calculator 16
I S i ncrenented regul b avarlatlon w-dth (variation rate)
corresponding to the Mg{p so that waveformdata W of the
Ioop portion vvaveformJ y read out fromthe waveform nenory
10 in accordance wt

_ ad addresses RAD g Vi
act.ual read address cal cul at cﬁﬂﬁlf 7ghen, once th nﬁﬂgdﬂﬁﬁ HA@BEENM

becone greater in value than the size TIJ of the currdnt ann
i.e., p >Tij, operations are carried out to renew the read p0| nter p, '
set a start ldmesscardaniet héthethedac'auallwsa@ra@dnﬁssaﬂé%mmaﬁeﬁ on
specifying variable j as follows:

Alj + Tij Cllw th: a:qual[ aredd address calcnil@rfé&f t1e6r ﬁsmf!%edo;?@rra"ﬁ%}lrrs
~are repeated such that the waveformdata W nd V\avef or m dat as |
a«ge,- sequentthe | gctual seads rdxeRs wBHEr IMG %’Fﬁm ge%ﬁﬂa\%{e )

hift f data div h '
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readout of t | oopi ng wavef orm
segment congisdd NByOotheNinfdtgodh¥ifg Whrcuit 11 Obémhebmﬁhefsédiplé epertert
of the last data division can be identified from establishment of the
condition ofip acdbdrdantdi athy the tdeeiaalyeframtiomeparbhefi jthe rmctual

as

read address RAD.

Then, once the read pointer p has become greater in
value than the sizé Tj of the current data division, 1i.e.,
p > Tj, this means that the waveform readout of the current
data division has been completed, and thus a predetermined
renewal or updating operation is performed for a transfer or
shift to the next data division. That is, a difference
between the values p and Tj io set into the register 20 as a
new read pointer valoe, and a value obtained by adding the
size Tj of the current data division to the start addresé Aj
of the current data division is set into the regsiter 21 as
a start address Aj of the next data division as follows:

p < p - Tj

Aj < Aj + Tj
Then, variable j set in the register 19 is incremented by
'one; that‘is, j < 3+ 1.

Thereafter, similar operations are repeated such that
the waveform data Wl are sequentially read out from the
waveform memory 10 and a shift from one data division to

another sequentially occurs as the read pointer p is



To get back to the first data division of  the | ooping waveform segnent,
operations are carried out to renew the read pointer p, set a start .
address AiO of the first data division of the |ooping waveform segnent as
a start address Aij of the next data division and reset data-division
specifying variable | to O as follows: p p - Tij

Aijt [err] AO ] [err] O -79 - It should be obvious that for
the repetitive (looped) readout, the actual read address RAD and virtual
read address - VAD have to advance together in a |ooped fashion. To this
end, it may becremnentedt auls & yatieacoxrespeondingator the riberk snfqu@tionpyed
back to the first data division of the | ooping _ waveform _segnent, t he

virtual read adtRress ong® the readewnt am_%o'fféﬁ’ ﬂ-%‘&&?"fﬁi@&‘f’é%?’hé%fr-@%rt
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the last data divisi the ping waveformsegment and the actua
address RAD Dgovsimbmht foeaws! ¥naved, bagkt ¢ 2 A" - Sitkide Mo Yegieddifts

| oopi ng - wavef orm segnment whil e
mai nt ai ni ng endli siascef r eRet Nast rdsea ditddiandress tHaD.attack-gartivn

basi s of the above-nentioned operations, actual read addresses RAD and

vi rtual readwansifessecTvAD) are generated fromthe actual read address

cal culator 16 and

To read out such a loop-portion waveform, a value of

variable i for selecting one of the loop-portion waveforms
corresponding to a desired modulating depth is determined by
reference to modulating depth information ML, and the
determined value is set into the register 22. In addition,
as ﬁafiable j indicative of a position (in the data division
order order) of a particular one of the data divisions, a
value "-2" representing the first data division of the loop-
portion waveform is set into the register 19. Then, in
accordance with the two variables i and j, the start address
Ai-2 of the first data division of thé loop-portion waveform
is read out from the waveform division information memory 15
and set into the current-data-division start address register
21 as start addreés Aij; that is, Aij < Ai-2. Further, in
accordance with the two variables i and j, data indicative of
the size Ti-2 of the first data division is read out from the
waveform division information memory 15 and then set into a
predetermined internal register; that is, Tij < Ti-2.

As noted earlier in relation to the attack-portion

waveform readout, the actual read address RAD is calculated



virtual read address calculator 17, respectively, and the waveform data
are sequentially read out fromthe waveform nenory 10 in accordance wth
the actual read addresses RAD. As noted above, where the
stretch/conpression ratio SCRis "1", the read pointers P in the actual
read address calculator 16 and virtual read address calculator 17 take a
sane value and the actual read address-BP-and virtual read address VAD
coincide with each other. However, As the stretch/conpression ratio SCRis
changed fromthe value "1" to effect tine-axis stretch/conpression contro
of the wavefky mdiiing therreat meinter @@ fierte Startaddresy AlbRE tdieween
the actual read address RAD and the virtual read address,K VAD. Thus,
accor di ng tq;nfrr@trsta%rﬂﬂﬁ%%‘en‘éh%ﬁpmyewiHh?hé%(f%%ﬂg AL RBAL |
control is perforned ch that the advancing inclination of the actual
read address RAD gen@iﬁlfy 501 ols Phat of the virtual read address VAD

whil e the acftual read addres i qaint ai ned angy

cory espondi ;?if t%erééa %‘F(?Edgﬁ%i Féfgd églgréggi gugﬁy t?llrgt g‘&&%\&c %ﬁt%%ﬁ I
be descri be | eat.et ' ' a t S A I
circuit 14 g%anfs{?‘gﬁét{\‘félp ?r%n?téoé'gggéﬁgb}tg?i gﬁgglfl ag:i?fg grygr?cg%‘lﬁﬂﬁg nagﬁﬂfrp
read address v RARE{ION +hEeYi Eb¥RbspeAdingdtes En¥ABiTeH Halfdrimdtivies o
shift instruction to the actual read address cal cul ator 16

- -83- once thet divdheifsree Batsexwtedefl ahwy edebprportdonef vaeatermyare.

- The predeterm ned reference value in this enbodinment is set to be sone

. percent age (sequentif)lypf témdsiqget Tjfoom Tihe ofwavaferm r aremeizy a 0 viin on,

~although it may be set optionally. To this end, data indicative of the
size Tj or &¢¢oxdance wikh &e getuadi vead addresfes RADIPRETakpAbY the

actual read address calculator 16.

Then, once the read pointer p has become greater in
value than the size Tij of,the currént data division, i.e.,
p > Tij, operations are carried out to renew the read pointer
p, set a start address Aij of the next data division and
renew data-division spécifying variable j as follows:

P < p - Tij
Aij < Aij + Tij
i o< 3+ 1

Thereafter, similar operations are repeated such that
the waveform data Wl (and waveform data W2 as well) are
sequentially read out from the waveform memory 10 and a
sequential shift from one data division to another occurs as
the read pointer p.is incremented at a rate corresponding to
the pitch information.

| Then, once the readout of the last daté.division of the
loop-portion waveform has been cdmpleted, control gets back
to the first data division of the looping waveform segment

(Fig. 10) for subsequent repetitive (looped) readout of the



control circuit 14. In turn, the shift control circuit 14 gives the
actual read address calculator 16 a shift instruction, along with
information identifying direction or polarity of the deviation or _
difference, i.e., whether the actual read address RAD is greater than the
virtual read address VAD (as in the exanple of Fig. 4) or smaller than the
virdual read address VAD (as in the exappde-of Fig. 3). In response to the
shift instruction, the actual read address calculator 16 operates in the
fol |l owi ng manner. Nanely, in response to the shift instruction, the
actual readlocplitice Seaveform| segment 6consibsting esf ofm" oflatahdivisions.
divisions to which the actual read address is to be shifted _and then

uni que divisi on ncomplefioh ofictheireadoud @fitthe dastidnta HHyiHOn KAt er
19 provided for the subsidiary cross-fading waveformregi on dafa. For
conveni ence befideptified  from iegtabplishient ofthe FNLIHPR OH& & el er

represented by reference character j(new . .Typically, the _unique division
nurber of t FEMEHAEEE-TQ ‘alé?ag}a?\??§+'%ﬂ€¥\%ne‘afe &P or shall&¢ than that of

the current data .{J‘i,Vigﬁéog,ra@k 1 %rd 'Fi’,'\élﬁg?%gﬁi?ﬁg%ﬁ o i %‘%‘%mre% .

data divi sion plus m nus one). e actual rea

RAD i s re [t d j
Moa. ° of Frsvefollf ddimafle WBleratbpR0aEECarbdn e co/ReRERTORE read |

smal | er thampd{ieeed Ip Ualet @AGAY QAAXYAR A30i Bft bRe £XASP|datd diwisibn
then j(new) =j + 1. Thereafter, the start address Aij or Aj of the

shifted- toflatre dicomsing werdfoath @Gdgnienimaishe seaetoaddrtesssAbfh of the
i nformati on nmenory 15 and stored into the register 21 for the subsidiary
cr oss- f adi ngnewt efatrandiedgisdondand . réset daveediisiedon specifying variable
j to 0 as follows:
p < p - Tij
Aij < AiO
j < 0O
It should be obvious that for the repetitive (looped)
readout, the actual read address RAD and virtual read address
VAD have to advance together in a looped fashion. To this
end, it may be only necessary that as the actual read address
RAD is moved back to the first data division of the looping
waveform segment, the wvirtual read address VAD Dbe
simultaneously moved back to a near-start point of the looping
waveform segment while maintaining a distance or difference
from the actual read address RAD. Conversely, it may be
'sufficient that the virtual read address VAD be moved back to
the first data division of the looping waveform segment when
the circuitry for generating the actual read address RAD
detects completion of readout of the last data division of the

looping waveform segment and the actual read address RAD be

simultaneously moved back to a near-start point of the looping



of description, the start address Aij or Aj stored into the register 21
for the subsidiary cross-fading waveformregion data is represented by
reference character Aij(new. Using the sanme read pointer p as for
the primary cross- fading waveformregi on data, the actual read address
RAD2 for the subsidiary cross-fading waveformregion data is cal cul ated
as f ol | ows: - RAD2 = Aj(new) +8p-Inthis way, a new actual read
address is created, which is equivalent to a result of shifting the actual
read address RAD for the primary cross-fading waveformregi on data

i mredi at el y wéoesfomn segmemitt whildet natntabnbng m ddatamcec SEPBsHRA MU one
data di vi sion. The new actual read address is output as actual read

addr ess RADxd¢ast addresdsYAPary cross-fading waveformregi on data. n

t he, ot her hand, the actual read_ address RAD2 ti t A [ I [
accordance with Qnrthei Basie Pﬁet?‘@a@ e e Jon u?ﬂsqeﬁo%tﬁ%ws'l naé/&ﬁDl .
Alj + p I n e above- ti_oned nneek, fo '
cor%ssponmlﬁFQQ)t TRART d &G e g%ﬁxéﬁfo¥g¥§e %ﬁ?ﬁ%%%egﬁf%%%-fiﬁﬁng
wavef orm regi on a V. r

%%%zgf‘lggd %Q"toﬁ@ 'glgé’ u%}c@ﬁ%ﬁ ViPeCFd:}eaddress calculator 16 and

- 85- corr Tng to Tl read a ss RAD2 for the subsidiary
cross- f adi no, ypueler KubAOi AR 8a2cheafor Ul ! OrosESCIGUEY Of BndeNEly 10

and fed via Interpolating circuits 11, 12 to the cross-fade synthesis
section 13. yaveform HAEROEHR ! Sefliéntiailyi RebBudutonfiommthes wawdform

control circuit 14, the cross-fade synthesis section 13 executes

cross-fade syehdwegi 50bthwaeoorrlaneey efichmthat acthadndead agidndasgs i RAD v

and subsidiary cross-fadi ng wavef orm regi on
As noted above, where the stretch/compression ratio SCR is
"1", the read pointers P in the actual read address calculator
16 and virtual read address calculator 17 take a same value
and the actual read address RAD and virtual read address VAD
coincide with each other. However, As the stretch/compression
ratio SCR is changed from the value "1" to effect time-axis
stretch/compression control of the waveform data, there occurs
a difference in advancing slope between the actual read
address RAD and the virtual read address VAD. Thus, according
to the TSC control scheme employed in the present embodiment,
control is performed such that the advancing inclination of
the actual read address RAD generally follows that of the
virtual read address VAD while the actual read address RAD is
maintained at an advancing slope dorresponding to a desired
pitch, as previously noted. Such control will be described
below in gréater detail.

In Fig. 2, the shift control circuit 14 constantly

monitors a deviation or difference of the actual read address

'RAD from the virtual read address VAD so that it issues a

shift instruction to the actual read address calculator 16



data. More specifically, the shifted-to (target) waveform data W are
scaled with a coefficient function progressively increasing from
coefficient "0" to coefficient "1" (i.e., a function of coefficients

havi ng decimal fraction parts), while the waveformdata W. are scaled with
a coefficient function progressively decreasing fromcoefficient "1" to
coefficient "0" (i.e., a function of cogficients having decimal fraction
parts). The thus-scal ed waveform-data WL and W2 are then additively

synt hesi zed. In this exanmple, the fading- in/fading-out

rel ati onshi poriss webe tihe€ fpremmey hasl exdaededr 3 predeteradineg wefsrenge
region data is opposite to that showmn in Figs. 3 and 4; however, the
cross-fade syatursi SThe eredetermined wefergnge value dgygthismahad et
the. cross-fade synthesis, the prinmary-subsidiary r-ei ationshi p .between the
regi sters 19-8n8et2%0; ber SPBIes RPTGEHAES (R Thantt? h@fsﬁf‘ﬁt &d2€o Tt
read address, RAD,

into the actual .read. address for,the primaty .
cross- f adi ngtwhv8 or%er eﬁﬁ"éﬁeﬂgt jachaffl‘f:'ss,lon’ aRme}‘gh[éT ]majr(héw)set
Alj [err] AJ(hew . o . - S ,
generation o#‘g%hoea%lclf%hl 'F%a héﬁd?re“sié QRBE flgfilf:ﬁglvgu sfi a:?%r flczreos L fAdi ng

wavef orm regppn gt 2th (RIYBHA Clata TMWEridi¥n Re S1GSS- FrRfetAYNtdSEES,

t he waveformregion of the waveformdata WL can be Constantly scaled with

a falling chewesderéstéaivhile the wawel or ehé eshostobohiteonawaireiuitiala
W2 can be constantly scaled with a rising characteristic; further it is

not necessargiveés swheh abtualt usbadeadddddssss caRéilbtolre flied teo tdlelft

control unit 14, which would thereby achieve reduced cunbersoneness and

enhanced conmstmnceiont along with information identifying direction or
polarity of the deviation or difference, i.e., whether the
actual read address RAD is greater fhan the wvirtual read
address VAD (as in the example of Fig. 4) or smaller than the
virtual read address VAD (as in the example of Fig. 3). 1In
response to the shift instruction, the actual read address
calculator 16 operates in the following manner.

Namely, in response to the shift instruction, the actual
read address calculator 16 identifies .one of the data
divisions to which the actual read address is to be shifted
and then unique division number j of the shifted-to data
division into the register 19 provided for the subsidiary
cross-fading waveform region data. For convenience of
description, the shifted-to data division is hereinafter
represented by reference character j(new). Typically, the
unique division number of the shifted-to data division is
greater or smaller fhan that of the curreﬁt data division by
one (i.e, the order number of the current data division plus

one or minus one). Namely, if the actual read address RAD is

greater than the virtual read address VAD as in the example



I's al so possible to not reverse the primary-subsidiary relationship
between the registers 19 and 21 even after the cross-fade synthesis; in
this case, however, it is necessary to alternately use the rising
(increasing) and falling (dimnishing) scaling characteristics for the
waveformregions of the waveformdata W. and W2 and al so alternately feed
the actual read addresses RAD and RADZ. tgy tthe shift control circuit 14.
In case there occurs a need for a shift between the data divisions before
conpl etion of the cross-fade synthesis, it is only necessary that the
shift bet weasf thigg dat ,a then sijirew bf= the- pgri ndif thel aniusldirgad address
cross-fading waveformregion data be controlled on_the basis of operation
of one of tRAD whyetmakiesgithas fthe wiirtualheread raddress ¥pR asvils dihg
(new) is being read. Nanely, once the read pginter has becone reater
in val ue t h@ranRleok Fig( w)tlb?nthé?’éﬁ‘l" tadadtd iatg di vi si on, tﬁe

di fference bet vvee@béﬁéa#%a:?d' Pﬁ%ntsef_%?ta%gdégg% figzqu}%_f]e%%w_tﬂes Sele@sy 2

new val ue of the

S T e R RS S e

cross-fading egion data are update y comon size data

as follows: .informatitﬁ“mem%rya‘i]jS ahd Htoie@Winth! €Re +8§iyeéres1 | £hevheand
j are each increnented by oné as follows: j(new) Jerr] j(new) +

1 | s {didry cros-ifRididlg wakBfokhersdtoh datvd .NgFeE dorereriiaased ade
synthesis may be controlled in such a manner that a need for the shift
of description, the start address Aij or Aj stored into the
register 21 for the subsidiary cross-fading waveform region
data is represented by reference character Aij(new).

Using the same read pointer p as for the primary cross-
fading waveform region data, the actual read address RAD2 for
the subsidiary cross-fading waveform region data is calculated
as follows:

RAD2 = Aij(new) + p
In this way, a new actual read address is created, which is
equivalent to a result of shifting the actual read address RAD
for the primary cross-fading waveform region data'immediately
before the shift instruction by an amount corresponding to one
data division. The new actual read address is output as
actual read address RAD2 for the subsidiary cross-fading
waveform region data. on the_other hand, the actual read
address RAD2 continues to vary in value in accordance with
variation of the read pointer p as follows:

RAD = Aij + p

In the above-mentioned manner, waveform data Wl

.corresponding to the actual read address RAD for the primary

cross-fading waveform region data and waveform data W2



does not arise in the course of the cross-fade synthesis. Not e t hat
generation of the virtual read address VAD is continued during the
cross-fade synthesis; however, in the course of the cross-fade synthesis,
t he conparison between the addresses RAD and VAD may be suspended
optionally. Her e, to provide t he samne primary-subsidiary
relzati onship for the cross-fade synthesigms shown in Figs. 3 and 4, it is
only necessary that in response to the shift instruction fromthe shift
control circuit 14, data j and Aij of the primary cross-fadi ng waveform
regi on dat a garrespongtingr ytar ddhe f agithglchiandl )addsesy iRARZe fayyi fthe s
19 and 21 be transferred to the registers for the subsidiary cross-

fadi ng wavefRFIEAGH cFRss~(Gaddng wavshioamredinR daff Age tRadRy thap

dat.a | d Alj f th hi f - dat di vi sij be, set Jinto . th

Gata 10 00 0 R e R ! B SRS AT o
' - fadj - data WL b

P OS] o) N, G0 A8 Ul Regs eyl do W becore

88~ wavef or m dat &, Mlolofeponel ajhby SeotediktiuBribhl ot NBhACISHA | ©

t
while the group o e Waveformdata W2 1s constantly scaled wth a
falling chargs¥dst circuit 140 t#Ke CRFRMNFRINOsgheReshiadessypihgsiip i s
carried out, data j and Aij of the current data division nay be directly
repl aced w tdkataiteg Ccioss-desiegBghithgsasshbéetwesh tthe talve forw data Whdrid S
start address Aij(new), in response to a shift instruction issued fromthe
shift contrd2 aff dinet prdmarvhend shbsidisny cxossathding wARIorm idgisanh by
an amount corresponding to one data division, as showmn in Fig. 3 or 4 in
heavy soliddatr. | Morpi snesi€iqaldwhithe | sbiftedrba f&prget) waveform

data W2 are scaled with a coefficient function progressively
increasing from coefficient "0" to coefficient "1" (i.e., a
function of coefficients having decimal fractidn parts), while
the waveform data Wl are scaled with a coefficient function
progressively decreasing from coefficient "1" to coefficient
"o" (i.e., a function of_coefficients having decimal fraction
parts). The thus-scaled waveform data Wl and W2 are then
additively lsynthesized. In this example, the fading-
in/fading-out relationship between the primary and subsidiary
cross-fading waveform region data is opposite to that shown
in Figs. 3 and 4; however, the cross-fade éynthesis produces
the same result.

Upon completion of the cross~fade synthesis, the
primary-subsidiary felationship between the registers 19 and
21 is reversed in order to changé the shifted-to actual read
address RAD2 into the actual read address RAD for the primary
cross-fading waveform région data; that is,

j < Jj(new)

Aij < Aij(new)



be i ssued when the waveformreadout of the current data division has
arrived at the last address of the data division; this way, a snooth
transfer or interconnection is reliably achieved between sane-phase points
when the |l ast waveform segnent of the current data division is to be
linked to the first waveform segnment of the shifted-to data division.

| n it he above-nentioned manner, stretch/cqggression ratio SCR is set in
accordance with nodul ati ng speed information M5, and virtual read
addresses VAD having their advancing sl opes controlled in accordance wth
t he stret ch/fherpr egenenatibno ofSCEher acjaadr axead agddnens iRADE gfog drhey
On the other hand, actual read addresses RAD are generated as shown in
Fig. 3 or subisistianwicxpsecfodingrwavetarnyregiencHadaois dapiaatas-
along the tine axis to follow variations in the virtu read adqhe ses

I .
VAD “whi | e Tt HOF S5e SFOPBStats, FERTRARI Ty P HOHEEPE™ BRELARQ
dicrated by pliShorm "agt I "eah " 0e B8RS Eat 1 41 5ER1ERY LU A2 A BT cad
menory 10 af e ' e I t et ressed
y F e Sétnz‘.gs'iglucg %Iﬁﬁﬂ tHd Gve®orm reBEoﬁ 6f g&k‘?&/&ﬁf&?ﬂ?

al ong the tine ax readi ng out “high-qu al -cycle

waveform datgy B3yl cons@aﬁ‘gg*” abhoBaehfiRH 4NPaslipd dHGedigad e

wavef or m nmenory 5 10, the no ating cycle (nodul ating speed), i.e.,
readout FUOGRY GRS 1 o hibecksaRyaxbSswitchetNaracbhyl awdd dddtkss
freely in accordance with the nodul ating speed i nformation M5, and
thus it is msibbebeo fadvisethehicgintrodl iund thobi4) awhboh wouldf feherady
enhanced controllability. 10 Not e t han when 't he nodul ati ng speed

i nf or mati on ahieve redugehruinbérsomengss tamk enhangrf canwenipnee at i bh,
t he stretch/ conpression ratio SCR would vary in accordance with

is also possible to not reverse "the primary-subsidiary
relationship between the registers 19 and 21 even after the
cross-fade synthesis; in this case, however, it is necessary
to alternately use the rising (increasing) and falling
(diminishing) scaling characteristics for the waveform regions
of the waveform data Wl and W2 and also alternately feed the
actual read addresses RAD and RAD2 to the shift control
circuit 14.

In case there occurs a need for a shift between the data
divisions before completion of the cross-fade synthesis, it
is only necessary that the shift between the data divisions
of the primary  and subsidiarf cross-fading waveform region
data be controlled on the basis of operation of one of the
waveform regions for which the shifted-to data division j(new)
is béing read. Namely, once the read pointer p has become
greater in value than the size Tij(new) of the shifted-to data
division, the difference between the read pointer p and the
size Tij(new) is set as a new value of the pointer p; that

"is, p €« p - Tij(new).



t he chi nged nodul ati ng speed i nformati on M5 and hence the virtual read
addresses VAD woul d al so change in advancing 15 slope. As a result, the

stretch or conpression, along the time axis, -of a reproductively
read- out waveform can be variably control |l ed over tine. The
cross-fade synthesis section 13 can also be activated when the

nodul ating depth is varied. Nanely, wheng2Q@ the nodulating depth M is
changed in value and there occurs a need to change variable i in the
regi ster 22, changed variable i (new) and start address of a data

division Thew rewgp@tnnly addreaseniAtibdgr e auinany ank subgisiany 21

and 22, respectively, for the subsidiary cross-fading waveform 25 region

data (i.e., G¥PIHERAANG draystsm Leginn HRteh Ak ypdated by comgqm$iag.
sane read pojnter s for_th i mary cross- fadi ng wavef orm regi on
data, the a-c‘#h ?%a@‘%vﬂhr%%sf?ﬁﬂ"fbr the subsidiary cross-fading

waveformregion data,is calc ed . - 90
- “as follows: “Alj RAD%ll— Alk(nllél\'/%newf) p In this way, an actual

read addressdgsi gl Vi ded S AGYVETRIdN 5 aldLleddiE i@@n@ﬂﬁ%gi g@gghﬁc@ge

is created and output as an "actual read address RAD2 for t ary
cross-fadi ngeomatgf:or mregi on data. The actual read address wll vary as
the read pointer p varies. On the other hand, the actual read address
designating the wavg{new) befor gj(rdeav odul at i ng depth change wi Il continue
to vary with the variation of the read pointer p as foll ows: RAD=
Alj + p I n the &bovde-nehtioned manner, waveform data W

correspondin%-to the actual read address RAD for the prinmary
Alternatively, the start timing of the cross-fade synthesis

may be controlled in such a manner that a need for the shift
does not arise in the course of the cross-fade synthesis.

Note that generation of the virtual read address VAD is
continued during the cross-fade synthesis; however, in the
course of the cross-fade synthesis, the comparison between the

' addresses RAD and VAD may be suspended optionally.

Here, to provide the same primary-subsidiary
relationship for the cross-fade synthesis as shown in Figs.
3 and 4, it is only neceséary that in response to the shift
instruction from the shift control circuit 14, data j and Aij
of the pfimary cross-fading waveform region data (i.e.,
primary cross-fading channel) stored in the registers 19 and
21 be transferred to the registers for the subsidiary cross-
fading waveform region data (i.e., secondary cross-fading
channel) and data j(néw) and Aij(new) of the shifted-to data
division be set into the registers for the primary cross-
fading waveform region data (i.e., primary cross-fading
channel). In such a case, waveform data W1l become target

values, so that for the cross-fade synthesis, the group of the



cross-fadi ng waveform regi on data and waveformdata W2 corresponding to
the actual read address RAD2 for the primary cross-fading waveformregion
data are read out fromthe waveformnenmory 10 and fed via the
interpolating circuits 11, 12 to the cross-fade synthesis section 13.

In response to a nodul ati ng-depth changing instruction fromthe actual
read address cal cul ator 16, the cross-fa®B -synthesis section 13 executes
cross-fade synthesis between the waveformdata WL and W2 read out through
the primary and subsidiary cross-fading channels. More specifically,
the shift edvavefarm gedgtaavil or kB dacanfbaptdy oscalRfoudf Hhe @ sdbsFdi%iry

cross-fading channel are scaled with a coefficient function progressiyvel
i ncreasi ng fohARaeFistimt while; Fhe @FquR; @kt 'W?Y%f?r%1$ﬁﬁ%t%%n%ﬁ Y

coefficients havin deci | _fraction s) for fade-in,.while the
maveform(kHQPnSta ly scéTEd with a fgfiin& cﬁaraggeﬁisylgpvﬂ fead out

through the primegy %g} SSdJsaedi\?lq%fgaﬂBelczaJ Y| egy;f@;ﬁgsfscg f fdGheidg

. furction progressively decreasin fromcoefticlent to coefficient "0".

(i, afuigionagts CPERARCRY Sobaiag dBrraRt Batel @ AH&E) nby! be

fade-out. The 'thus-sc wavef'orm data WL and W2 are then additively

synt hesi zed.gi rect1PREpTaSBE i €A @hthhq (AeR9s derdgnatinged shifited-to
pri mary-subsidiary rel ati onship between the registers 21 and 22 is

reversed in queerdiwi 1emoend hbts asgeit aaddidss eailj (raaldly osin RABponde® tdie
actual read address RAD for the primary cross-fading waveformregi on data,
in a sinlaransmngr irstrhestiabodissved fooedthehghifs, control cipguit[ldy]
Al (new)) Then, I1:he aclt(urz]-.lelw)read addres_s RAD is shifted by an amount
corresponding to one data division, as shown in Fig. 3 or 4
in heavy solid line. 1In this case, the shift instruction may
be issued when the waveform readout of the current data
division has arrived at the last address of the data division;
this way, a smooth transfer or interconnection is reliably
achieved between same-phase points when the last waveform
segment of the current data division is to be linked to the
first waveform segment o'f the shifted-to data division.
In the abpve'-mentioned manner, stretch/compression ratio
SCR is set in accordance with modulating speed information MS,
and virfual read addresses VAD having their advancing slopes
controlled in accordance with the stretch/compression ratio
SCR are generated as shown in Fig. 3 or 4. On the other
hand, actual read addresses RAD are generated as shown in Fig.
3 or 4 after having been intermitténtly stretched or
.compressed along the time ai:is to follow wvariations in the
virtual read addresses VAD while maintaining slopes

corresponding to a basic tone pitch as dictated by pitch

information, in response to which waveform data are read out



In this way, a_waveferm-shitt or transfer is effected, via snpooth

cross-fade, fromthe old vvavg.f before the nodul ating depth change to

t he new wavef or niié Shegt ex ating depth change. Also in this
case, if there oc a shift between the datg=tryrsrorsefIrs
conpl etion of the nthesis, it is only neces simsg Eﬁ F&%tﬁéﬁh
shi:ft between the data divisions i'n the gde primry and gubsi (ﬂEBLﬁC' .

cross-fading channels be controlled on the basis of operation of one of
the channels for which the shifted-to data division j(new) is being read.
Al t er nat i vel§xom Hehe twaveform ngenory htOcpfsert hagingy iconrplded to
controlled in such a manner that a need for a shift does not arise in the
course of tHRe cpbsatehed oxymamRyiessed along the time axis. S, in
r

92 - The above descripti ly for ill i ,
a_rldhvar ilgus rc?%ﬂfde a&jv‘g‘hﬁeﬁ%a‘%tl'ldgﬁ'ﬁg%F'ﬂ%%gdfgxﬁ%hgavggkh?&%&aaf}%‘%éﬁb| e
W t hout ti t i h . .
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case, the to engt portion waveform and each of the
| oop- porti o oMpwEd s MR1BRY DehsSetine Rl f Eahee bohreaBlyh&diirIawes

or be the sane for all the note ranges. Further, the total 1Iength of each
of the | oopifigelydinabcosdanaeswitl the mddnlatding spbeddinfermartidetMaien
the note ranges or be the sanme for all the note ranges. Wil e the

present i nveard othumsitheiss) pessibledo providd a ilbigh-tqualdgs modudlatiorni 0D,
as storing two sets of '
effect of enhanced controllability.

Note than when the modulating speed information MS is
changed in real time during tone generation, the
stretch/compression ratio SCR would vary in accordance with
the changed modulating speed information MS and hence the
virtual read addresses VAD would also change in advancing
slope. As a result, the stretch or compression, along the
time axis, of a reproductively read-out waveform can..be
variably controlled over time.

The cross-fade synthesis section 13 can also be
activated when the modulating depth is varied. Namely, when
the modulating depth ML is changed in value and there occurs
a need to change variable i in the regsiter 22, changed
variable i(new) and start address of a data division
corresponding thereto Ai(new)j are set into the registers 21
and 22, respectively, for the subsidiary cross-fading waveform
region data (i.e., in the subsidiary cfoss—fading channel).

Using the same read pointer p as for the primary cross-
fading waveform region data, the aqfual read address RAD2Z for

the subsidiary cross-fading waveform region data is calculated



nodul ati on-effect-inparted waveform data corresponding to two different

| evel s of nodul ating depth, one or three or nore sets of such waveform
data may be stored. As previously noted, it is nost preferable that
the sets of stored waveform data, each having inparted thereto a

nodul ation effect of different depths, have as simlar pitch and
nmodul ati ng cycl e as possible; however, +l® -4 s not necessarily essential.
Because, differences in pitch and nodul ating cycle can be adjusted, by
appropriately controlling the pitch'informati on and stretch/conpression
ratio SCR, aRirfolglepeserati on of the actual and virtual read addresses RAD
and VAD, in such a manner that theégitch and nodul ating cycle becone

practically the saneRRBZ 7| ALABS¥ads 3f Bt ored

- 93 - f dat a. Furth t far . '

wavet or m nont PR ARedeRRC U bRe (Apte B BoRAGh AT 1 A0 MEY dbd e
dul at i fect, .l ] o f IS, 4 d i
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other than frequency..aly t9HSrds URADS UEBrashd 0BAbEHATY cross-fading
Furthernore, 1t 1s not necessarily essential to store an attack-portion

wavef orm i n gheepeme! fagioRM@aYal0, Thadaetupl read pddress WGl oramy amy
be stored. A decay-portion waveformwith a rising tone characteristic
may be st or eghe nread dpdintet opt hariesp- porti on wavef orns (and
attack-portion waveform so that the generated tone i S deadened by reading
out the decay- por®notheaethermhand, pithee asituge negsh gssinassh deRdgnaring
after detection of a key-off event. Furthernore, _a Iuralitf of , rather
than j ust On-@l?ewmwlg ihafare &he medulating depth change will continue

to vary with the variation of the read pointer p as follows:
RAD = Aij + p
In thé above-mentioned manner, waveform data Wl
~corresponding to the actual read address RAD for the primary
cross-fading waveform region data and waveform data W2
dorresponding to the actual read address RAD2 for the primary
cross-fading waveform région: data are read out from the
waveform memory 10 and fed via the interpolating circuits 11,
12 to the cross-fade synthesis section 13.

In response to a modulating-depth changing instruction
from the actual read address calculator 16, the cross-fade
synthesis section 13 executes cross-fade synthesis between the
waveform data Wl and W2 read out through the primary and
subsidiary cross-fading channels. More specifically, the
shifted-to (target) waveform data W2 read out through the
subsidiary cross-fading channel are scaled with a coefficient
function progressively increasing from coefficient "0" to
coefficient "1" (i.e., a function of coefficients having

decimal fraction parts) for fade-in, while the waveform data



may be stored, for each tone, so as to permt switching readout of the
| oop-portion waveforns over time; for exanple, one |oop-portion waveform
may be readout a plurality of times and then another |oop-portion waveform

may be readout a plurality of tines. |In another nodification, waveform
data of a full waveformfroma start to end of a tone to be generated may
be st ored. I n anot her nodificationh,gisene of the waveform data stored

in the waveform nenory 10 may be shared between different tone col ors,
between different note ranges of a sane tone color, or between other
di fferent siWlareeds,outs thzeugbarthe primary cross-fading channel are

94 - Mor eover, the nunber of frequency-corresponding cygles in each
dat a di vi si girakedawtlr f GLLTLCIPRE ENNCHE ORa PIPF RS STy dcﬁ?rrwltﬁg one

or nore than_one, an be an,integr . O non:dNtegral nu [ . SQ
start poi nt sEAM t%gﬁ%’bﬁaﬁl U ag%%ﬁ (fjo‘?fgt neded o‘te'rfecaesr?glg}cﬁi;% &%n a
sane phase and . be o . LAt | h sern to
orovi de a SO oo e et eBimpl FEAGERN Hhte) 40 2aabREYLE e
data stored j I f QIS ERIFA Y nesd CRERA then b d@inagad ¢ n
data divi si o%rg‘.l&t' %%‘5 9{ahe TSC g%ﬁ?r?’lal sgﬁgrrew%f t he gr%se?t I nvent iyon
i s applicablglheyr&dormdata that are not divided into data divisions
for managenent. Further, whereas the read pointer p and start
address Aij or AjpbAvecbmplhettsnri b&d aheupdaioss-ifadecadyrddiessisdi vitheon
read out fromthe waveform nenory 10, the sane read pointer p and start
address A | pringryresulbeidimcesselationshipl heturrpcrhe ategisters ok and
plurality of the data :
22 is reversed in order to change the target actual read

address RAD2 into the actual read address RAD for the primary
cross-fading waveform region data, in a similar manner to the
above-mentioned; that is,

Aij < Ai(neﬁ)j

i < i(new)
In this way, a waveform shift or transfer is effected, via
smooth cross-fade, from the old waveform before the modulating
depth change to the new waveform after the modulating depth
change.

Also in this case, if there occurs a need for a shift
between the data divisions before completion of the cross-fade
synthesis, it is only necessary that the shift between the
data divisions in the the primary and subsidiary cross-fading
channels be controlled on the basis of operation of one of
the channels for which the shiftéd-to data division j(new) is
being read. Alternatively, the start timing of the cross-fade

" synthesis may be controlled in such a manner that a need for
a shift does not arise in the course of the cross-fade

synthesis.



divisions. In such a case, however, it is necessary to provide tw read
pointers p, one for each of the primary and subsidiary cross-fading
waveform regi on data. For exanple, in response to a shift instruction from
the shift control ~circuit 14, cross-fade synthesis nay be carried out
after initial values of start address Aij(new) or A (new) of a shifted-to
data division and read pointer p may be_sgi into the registers for one of
t he subsi diary cross-fading waveform region data which is currently not
under waveform data readout. It should be obvious that the
above-nmenti oned The above descriptions are merely gfor ildugtnatdvens
are applicable not only to cases where the TSC _control schene is used to
read out a NWFRIBeRw &N} VardAusychangegupafi BedificrtioRptreuding &he but

also to cases where the TSC is used for. any of her purposes. .
[ Modi fi cati ofPbkowinpg TSEECoRPEEDIEN HLEhOUT ﬁﬂadfsﬂ.ol 3rgi; sthe RASIS ams

show ng exanpl es w@gre vﬁrtual read, addresses VAD are generated with a
nonl i near g%mﬁﬁﬁ i%fi%.eNB¥%S§% cf?Y%%f*??'Fig. 14 shows a case where
virtual read addrggs L L.h ALl '

S 5%;}%3%&,5 QRN dliclh 28p2XBERRLG2 IR,

characteristic, re _ : where™ virtual “read addresses
VAD are geneg@t gflowht i FPGR!T 1R - 10PCHa9" Bdakeeteal Hdrc ed6h OFese

pur poses, the organization “of the waveform generating section 111 of Fig.

2 can be usgshumaiiheptor eaotei pengay. parhi euthr amedisl, caheo o tadioviamgth i t

i's necessary to nodify the organi zation of the converting section 18; the

converting sefttlha a8taeR-porbionrwavdédrmi ahd aachxpdneite dlodpHiytoipn

generator or a logarithmc function generator so that in response to a

"not e-on" siwaregforms may be set to be different between the note ranges
or be the same for all the note ranges. Furthér, the total
iength of each of the looping waveform segments may also be
set to be different between the note ranges or be the same
for all the note ranges.

While the present invention has been described, in
relation to Figs. 10A - 10D, as storing two sets of
modulation-effect-imparted waveform data corresponding to two
different levels of modulating depth, one or three or more
sets of such waveform data may be stored. |

As pfeviously noted, it is most preferable that the sets
of stored waveform data, each having imparted thereto a
modulation effect of different depths, have as similar pitch
and modulating cycle as possible; however, this is not
necessarily essential. Because, differences in pitch and
modulating cycle can be adjusted, by appropriately controlling
the pitch information and stretch/compression ratio SCR,
during generation of the actual and virtual read addresses RAD

and VAD, in such a manner that the pitch and modulating cycle

become practibally the same for all the sets of stored



stretch/conpression ratio data SCR is generated which varies wth an
exponential function characteristic or a logarithmc function
characteristic in accordance with passage of tinme fromthe beginning of a
generated tone. Also in thi's case, generation of actual read addresses RAD
Is controlled, in accordance with the TSC control schene of the present

i nvention, to follow a nonlinear advance g -the virtual read addresses VAD
whi l e nmaintai ning a constant advancing slope relative to a desired pitch,
as shown. O course, actual read addresses RAD2 for the subsidiary

cr oss- f adi ngraneafiiom data. : - 96 - region
data may be generated as necessary for cross-fade  synthesis,_ as in the
above- descri bed pFerthesrd e HAVRAATM dptas shayed, ipcthe MaratrTt HeNPt

t hee wavef orm nenory 10.can be repro uctivek_‘% read out _i,n nonlj ne r.Ic}/
stretched orl© QL NEGRAPEFOHNY Pe one| payipy) & @@r&aﬁl&gﬂq aqf & TsC

control sche based on s gﬁnonl Lnear. virtyal read eS$ER A or

appl i cabl e %G%ﬁlﬂw q-ﬁﬁt% 5\7&9de§§?}:ble%' n‘%&’tﬁ% | o?—gg%f gct% i nlggr‘?énent

control but Igés t .0t h p o] Be - tehetol! | Hst s ed
! . £ 'B0a@¥tiBh S¢8red. SCUUIRA eBtol €S

nonl i near w?’f al %_r ea oaggr e%sejsq{'% ?{ﬁol ow a Dbasic dress advance path

accordi ng t Qud gL PELE mdy Y BRiHRN thbd FRefu¥BByPEE| B6nE! dobafe | IAUBH as

starting point of generation of a tone (the starting point of the tine
axi s shown i¥ors %Solod4 and 15 corresponds to the the tone generation
starting point), no substantial stretch/conpression is effected during

t he gi ven peri od. Fubhtlserfioreani ttisaclotpoeessaridyt esbehtialnbe stdretamg

stretch/ conpression can be readily performed. Nanely, in the case of

modul at i on- edteatk+ippetioenvavefiorn| in thei wayeforn aemeryr dépntand only

di fferences between the actual read .

' loop-portion waveforms may be stored. A decay-portion
waveform with a rising tone characteristic may be stored in
addition to the loop-portion waveforms (and attack-portion
waveform) so that the generated tone is deadened by reading
out the decay-portion waveform, in place of the loop-portion
waveform, after detection of a key-off event. Furthermore,
a plurality of, rather than just one, loop-portion waveforms
may be stored, for each tone, so as to permit switching .
readout of the loop-portion waveforms over time; for example,
one ioop-portion waveform may be readout a plurality of times
and then another loop-portion waveform may be readout a
plurality of times. -In another modification, waveform data
of a full waveform from a start to end of a tone to be
generated may be stored.

In another modification, some of the waveform data
stored in the waveform memory 10 may be shared between
different tone colors, between different note ranges of a same

tone color, or between other different situations, as

necessary.



addresses RAD and the virtual read addresses VAD from becom ng excessive
for an attack portion, even where nodul ati on speed information M
indicates a relatively great value fromthe beginning of the attack
portion. Exanples wusing such nonlinear virtual read addresses VAD wi ||
al so be described later inrelation to Figs. 41 and 42. Figs. 16 and
17 are di agrams showi ng exanpl es where thgg -TSC control scheme functions to
keep a total tone-generating time substantially constant irrespective of a
pitch variation - 97 - of tone to be
gener at ed, as corMonsteer ) thet hembercgdi fiyeguengy-ewrresponding (nexzles
figures, dot-dash |lines each denotes a basic address advance based on the
pi tch i nf or men iewch fata ddvisiamod wavefgrmidappegbored olnyrthe sfavRfRaR s
advanci ng sl ope and hence higher tone pitch than in_the exanple of Fi

17. Sl ope JremeRy (ki) maydefine §XcRoyRDtHBRPRE | AR JIRY kb?z%ér?‘m?ef. Ps

th in both th I f Fi 16 d1l7. .F h .in the -
zplz:f " g Mop- S, TRReT - | WSOr o BPREEPRLAHE ot i d gl
rea r " RAD, and. h .ppl.e- '

act uaf1 regzsgiﬁ%r‘gﬁggglﬁ%zn?rg?p%ﬁ% ?&%%{%é#?%%gfﬁgé?ﬁ%mﬁg%e or ?nﬁ%i on
data to be hﬁ%? l{)%;oﬁrgﬁ - AR S HAGS St a iln té"ﬁsfoﬂyragisgﬁeg tREve to

or gani zati o waveform generating section 111 o can be used

W thout requifdPidny SRbdtlUbehnedBibh i Betheas  twblwhde o8N PEgESASBLY O
nodify the read pointer p for use in the virtual read address cal cul ator
17 in such a mm&vetboh détaastefedtin tlié evdasHslrm menseycl@meedchgt t ch
rate data irrespective of a pitch as dictated by the pitch information of
a tone to bengmemsawtilly be managed in data divisions. Namely, the TSC

control scheme of the present invention is applicable to
waveform data that are not divided into data divisions for
management.

Further, whereas the read pointer p and start address
"Aij or Aj have been described as updated for each data
division read out from the waveform memory 10, the same read
pointer p and start address Aij or Aj may be successively
uséd to sequentially read out a plurality of thé data
divisions; In such a case, however, it is neceséary to
provide two read pointers p, one for each of the primary and
subsidiary cross-fading waveform region data. For example,
in response to a shift instruction from the shift control
circuit 14, cross-fade synthesis may be carried out after
initial wvalues of start address Aij(new) or Aj(new) of a.
shifted-to data division and read pointer p may be set into
the registers for one of the subsidiary cross-fading waveform
region data which is currently not under waveform data
readout.

It should be obvious that the above-mentioned



nanely, predeterm ned pitch information, other than the "pitch information
of a tone to be generated", is input to the virtual read address

calculator 17. However, assume here that the read pointer p for use in the
actual read address calculator 16 is caused to vary in accordance with the

"pitch information of a tone to be generated!'. Also in these cases, the
advanci ng sl ope of virtual read addressesgg/AD can be variably controlled
in accordance wth a value of _ - 98-

stretch/conpression ratio data SCR and stored waveform data can be

control | ed tmodiefitateioimede appiicusks mdraplheta igasesywhere the THE
TSC control schenme based on such virtual read addresses VAD varying

i rrespect i vecaritzok cscheme chsi used teoursd aypl Bcatored wayeform having
abave-descri bed nodul ation-effect inpartment control but also to any other
purposes. | modulation gffect WRArQd RLRRR I MILSe &) RS where

different tagne pitches, TSC con schene can always provide for a
same t one- gethe a‘f§%g"§|‘h§3$e 9t heHy° J;éﬁﬁapéﬁ??ﬁe Stretching waveforms

time | ocati o_ns gé@}_(jfn;{e&l P80y bté{gn@?o%v %8{%&85“ conpr essi ng

waveformstlrre ocalons relalve If applied to the

nmodul ation-effectg O:}[.é?ﬁarlh acqmt r%.? egﬂé Qs NGowidle g§§%%@_g§r Gih&rdene

all ows the cycle e nodul ati on o not vary éeven en there

occurs a tong phifLh ¥ahhalddiresses VASYEral SRHRIRME Ofi€RNE Horllbfashon
the TSC control schene have been described so far in relation to Figs. 3,

4 and 14 - dHaradebristieul sioke specobscadlyhasiy skid showisnat dese avherdiat
waveforms as shown in Figs. 5 and 6 can be controlled to be
st r et ched/ conpriassk dreddmidiesseseVAlXiardygenerated with an exponential
function characteristic, while Fig. 15 shows a case where
virtual read addresses VAD are generated with a logarithmic
function characteristic. For these purposes, the organization
.of the waveform generating section 111 of Fig. 2 can be used
without requiring any particular modifications. However, it
is necessary to modify the organization of the converting
section 18; the converting section 18 has to be provided with
an exponential function generator or a logarithmic function
generator so that in response - to a "note-on" signal,
stretch/compression ratio data SCR is generated Whicb varies
with an exponential functién characteristic or a logarithmic
function characteristic in accordance with passage of time
from the beginning of a generated tone. Also in this case,
generation of actual read addresses RAD is controlled, in
accordance with the TSC. control scheme of the present
invention, to follow a nonlinear advance of the virtual read
addresses VAD while-maintaining a constant_advancing slope

relative to a desired pitch, as shown. Of course, actual

read addresses RAD2 for the subsidiary cross-fading waveform



a conbination of some or all of these exanples. [ Positive Mdul ation
Control Based on the TSC Control Schene] Usi ng the TSC control
schenme of the present invention, periodic or non-periodic nodul ation
control can be positively performed on a tone waveformto be reproduced.
Such control can be applied to | ooped or repetitive readout of a stored

- 99 - waveform in order to effectivelggmnimze or elimnate
nonot onousness resulting fromthe repetition of a same | ooping waveform
segnent . Fig. 18 is a diagram simlar to those of Fig. 3 etc.

i I Tustrativategidmwiagaadwatncbe @enewatad ops dlecassary fehd CrRRFURIS

VAD and actual read addresses RAD when periodic or nagn-periodic nodul ation
control is tewmehesksi c8Sodh p{he haboyerdesrriped preferﬁ‘ﬁdt, Fﬁ“&b%ﬁg‘@m—the

i rtual d add VAD i d t i odical |
o bar 1o BFYS Gt SeolE AL e B s
address RAD . epeats [ ' X f ] '
vi rtual reaob%dafggggu%ﬁ)%\?ﬂ'ﬂme}én%?;Flé‘%érrlri&nrgog B{adsrgl'\(lzh{aéﬁé?(lz\q %grgli:giagabaosred
on pitch. irg&#ﬁ@%ééghoé?@digf&ﬁo be generated. For this purpose, the

organi zati on of the wavetform generating section 111 of Fig. 2 can be used

W thout requiringr@nyngaiéli sl abviBdsf kealt ¢he TSEOWRRIToll lsdHents REST Y
to allow stretch/conpression ratio data SCR, generated fromthe converting

section 18, &® siéhi A6hTahésr ¢irtualnrpad adideeklkys VADIGmeatapplixdahie a
predeterm ned reference value "1". To achieve this, a suitable
modul at ed wenat comid 3s i igm athersgbdree tdestribed tnmiuld tifanrefifegt inpartiment be
fed fromthe control register 113
control but also to any other purposes. Because the
illustrated nonlinear virtual read addresses VAD follow a
basic address advance path according to the pitch informatioﬁ
for a given period elapsed from a starting point of generation
of a tone (the starting point of the time axis shown in Figs.
14 and 15 corresponds to the the tone generation starting
point), no substantial stretch/compression is effected during
the given period. Thus, for an attack portion, control for
- not effecting stretch/compression can be readily performed.
Namely, in the case of modulation-effect impartment control,
it is possible to prevent differences between the actual read
addresses RAD and the virtual read addresses VAD from becoming
excessive for an attack portion, even where modulation speed
information MS indicates a relatively great-value from the
beginning of +the attack portion. Examples wusing such'
nonlinear virtual read addresses VAD will also be described
later in relation to Figs. 41 and 42.
Figs. 16 and 17 are diagrams showing examples where the

TSC control scheme functions to keep a total tone-generating

time substantially constant irrespective of a pitch variation



(Fig. 1) to the converting section 18. In response to this nodul ated
waveform signal, the converting section 18 generates data of

stretch/ conpression ratio data SCR whose value periodically or
non-periodically fluctuates about the predeterm ned reference value "1",

I n accordance with which the virtual read address cal cul ator- 17 can
generate virtual - 97 - 100- read addresses
VAD that vary in the nmanner as shown in Flg 18. Note that where the
present control is applied in an attenpt to elim nate nonotonousness

resul ting freofn tbrel dopdik gendpated; hasadthregastent t whthpthet fosedainged
as a starting = point of the | ooped readout so that an attack portion of the
tone i s not exdmplasd to the control of Fig. 18. In t he exanpl e of
Fig. 18, the waveformstored in the _waveform nmenor need not

Secessarlly bF onEﬂmFbﬁsepﬁéﬂ“ﬁﬂﬁqquﬁnﬂﬁﬁﬂi*&Rﬁﬁa.?Gh dppgte§9q:§§§1c

I agra Si ar to that of | - I
et of m daraAdiRss PETEnCR.: Pafad: drhe tBEor R RO RATC R m ARfo SRS o
"oop- por 'oﬁ %%{%%f TR %??eﬁ ?ﬁ@g a6 BiBechi= B ESAERR dadled8 ﬁ‘i‘?%‘%f&ﬂ %h%"e

af or esai d gﬁefa‘ESpe Fl‘téhn‘éhaﬁe‘i SRk lkafpieid@Irdp. pIpyi de

a connectl ng vvave orm segnent I or oop-portion wavef or m as

shown in Fi g810d0%f éﬂpcuafceaaaa bAarakkask vappaehotednave Huavy@ sroken
| oop-portion waveform correspond to each other in a one-to-one relation.

Namely, it isigsl ysnemessame imabothethbt asdanplids W VBIGEOr bamthd 17.
| oop-portion waveformbe originally nade so as to continuously connect
wi th each ottherthedheakodp pilre | examplef ofMFdl.Fid). eld. ceashst=s©1did "kinejat a
divisions and all these data divisions are read out in a
represents an advance of actual read addresses RAD and each
ripple-shape 1line represents an advance of actual read
addresses RAD2 for the subsidiary cross-fading waveform region
data to be used for cross-fade synthesis. For these purposes,
the organization of the waveform generating section 111 of
Fig. 2 can be used without requiring any particular
modifications. It is only necessary to modify the read
pointer p for use in the virtual read address calculator 17
in such a manner fhat it wvaries at a rate based on
predetermined pitch rate data irrespective of a pitch as
dictated by the pitch information of a tone to be generated;
namely, predetermined pitch informatibn, other than the "pitch
information of a tone to be generated", is input to the
virtual read address calculator 17. However, assume here that
the read pointer p for use in the actual read address
calculator 16 is caused to vary in accordance with the "pitch
“information of a tone to be generated". Also in these cases,

the advancing slope of virtual read addresses VAD can be

variably controlled in accordance with a value of



| ooped or repetitive manner; that is, start address AOCO of the first data
division in the | oop-portion waveform corresponds to a |ooping start
address LS. In the event that if the attack-portion waveform and

| oop-portion waveformare originally made so as to not continuously
connect with each -101- other, then a
"connecting waveform segnent”, simlar t@ghat of Figs. 10A - 10D, may of
course be provided prior to the |oop-portion waveform Not e that the
waveform of Fig. 19 may be made by sanpling a tone sounded through a
normal styl esofetehfeonprresiom wakbe udaranfSRcand sdorefe Mavefonfe data
and need not be one with_previously-inparted nodul ation _as_in tqﬁaabpve-
descri bed predribecgoptsedilednto be stretghed or compressef.aLiong e tiNR

| oop-portion waveform to be stored in the waveform nmenory 10 be previously
processed i#F%%ch a manner that its last and first waveform segments can

Soothly connect MALN £8¢h ANSowdUEERGALNS, | ogpedn T BRURVTy L FOL PX B

cross-fade synthe peft €t ween an wavef orm

segments of &ﬁ%@é ”vAne&;ang-.ierE@ 10058805181 A yevehe' BASCKR is of

| oop-portion orm to the create a connecting waveform segnent,
and the thyssersat 8gpteREBEL RD WeNEl abbvecasBBribaY bl Ebief fodBst

segnment of the | oop-portion waveform Further, the attack-portion '
wavef orm t o figpa&it-Eridlt | Sohbeohapatoabsee sy Yanyl lotives parposesssarin ytheve
to be a whole of an originally mnade attack-portion waveform and nmay be one
obt ai ned by cass twhgref & aamentshorsdl araveform oist headr pytnalt ahidfferent
perform ng cross-fade synthesis between the remaining end parts of the
ori gi nal . Oftengirpktches) ukkis tTSOfcoriegdbrsgheme can always provide for

a same tone-generating time length, by "apparently" stretching
.Waveform's time locations for a relatively high pitch and
"apparently" compressing waveform's time locations for a
relatively low pitch. If applied to the modulation-effect
impartment confrol, for.instance, the TSC control scheme
allows the cycle of the modulation effect to not vary even
when there occurs a tone pitch wvariation.

Several examples of control based on the TSC control
scheme have been described so far in relation to Figs. 3, 4
and 14 - 17, and itlshould be obvious to those skilled in the
art that waveforms as shown in Figs. 5 and 6 can be
controlled to be stretched/compressed along the time axis by
a combination of some or all of these examples;

[Positive Modulation Control Based on the TSC Control
Scheme]

Using the TSC control scheme of the present invention,
periodic or non-periodic modulation control can be positively
performed on a tone waveform to be reproduced. Such cpntrol

can be applied to looped or repetitive readout of a stored



each having attack-portion and | oop-portion waveforns as shown in Fig. 19
may be prepared and stored for a plurality of note ranges, one for each
note range, as previously stated. In such a case, the respective storage
spaces, in the waveform - 102 -

menory 10, for the respective note ranges, nmay be set to be the sane or

di fferent as necessary; if, for exanple, ddie respective storage spaces are
t he sane, the nunmber of cycles in stored waveform data are snaller for

| ower note ranges than for higher note ranges because the nunber of

sanpl es per wansforns dmeaorderorte heffaaivedie mindmize or efiainate
control is perforned according to the exanple of Fig. 19, the sane nmain
routine and meRokpnauanRsTaELLing fEpBERe Fepefsi tion gfyasanelapping
executed by the control unit 102 (Fig. 1). The nodul ated wavef orm si gnal
may be genertRVREOXM SYIERYF mance operator processing in the main routine,

o0 1% RETTOLTRES, o0 2L BUSRERHL "L RC IR K A 20 BOLET 2

shown in Fig. 2 Or ~processing of Fig. )

det erm natl ofy § feddd el vd Pl undiliid Wvantlbs B LArIAELOAL OF Vi aid Nath

control tim™Ag has arri not, 1n order to generate . a sanple val ue of

a nmodul at ed 5 YNEl QN A A WEEYa P A6l HdAASShSP HAD lwHdd i gri dd1d e
determination is 1n the affirmative, control goes to step S3 in order to

generate CuUrg@ilip&Sied £ ibdelaledén ofohbrol MRduicat Be wavretedmdiitgnat . thide
current sanple value data may be generated by increnenting by one the read
address of arscresmrityrsl oring a desired nodul at ed wavef orm and readi ng out
one sane val ue data in accordance with the increnented read address. In
this case, the notuwl tivts oasef othesvirtual read addresy WE 1o gdused to

optional shape, such as a non-periodic
periodically vary (or non-periodically swing) as shown, in

response to which the actual read address RAD repeats a data
shift or jump to follow the swing of the virtual read address
VAD while maintaining a basic advancing slope based on pitch
information of a tone to be generated. For this purpose, the
organization of the waveform generating section 111 of Fig.
2 can be used without requiring any particular modifications;
however, it is necessary to allow stretch/compression ratio
data SCR, generated from the converting section 18, to
periodically or non-periodically fluctuate about a
predetermined reference value "1". To achieve this, a
suitable moduléted waveform signal may be used as "other
information" that is to be fed from the control register 113
(Fig. 1) to the converting section 18. In response to this
modulated waveform signal, the converting section 18 generates
data of stretch/compression ratio data SCR whose value
periodically or non-periodically fluctuates about the
predetermined reference value "1“, in accordance with which

the virtual read address calculator 17 can generate virtual



Sw ngi ng waveformas well as periodic sine waveform Alternatively, a

| owfrequency oscillator (LFO may be enployed for generation of the
nodul at ed waveform or a random

-103- nunber generator may be used and a random nunber generated

t hereby may be used as current sanple value data of the nodul at ed
waveform signal directly or after being ppocessed as necessary. In
the latter case, random nodul ati on control 5 is carried out by the TSC
control schenme. At next step S32, stretch/conpression ratio settjng
i nf or mat i on Teadjeaaddresees nVAD thatcvptinde Whehmaneege s Shays difp|Hig-
val ues of the nodul at ed wavef orm signal . This stretch/ igg@r €essi on

ratio settinkf- Noter dhak ivhere thg BFoReRtoCIHE Lont§ ofPP t & A%
Fig. 10 1) to th f i tion 111 which it i
{F st orred SERBRY W1 SldndrAk BippseoPERTPEe Retite1hS, FEOR L fobddg ' ©

d add | at 17, 4di t] . h ' :
Cection 16 (194RGEs " e, MLk Soarting pithenal "o uped ‘G0 1n

data of the g@ﬁﬁ% 3 £ hNaVES 5 A SESKRbuPBYo Pehatl San fiteddk IS C4Y 54 615k

section 18 t the converting section 18 generated data of

stretch/ CONPESSST P8 hét | SuSfEcted tEOERESEOAELXBY b8 thg. mdyl ated waveform
si gnal . The virtual read address cal culator 17 nodul ates the

"pitch infornati onn $héhekhmpler dfFippI@ssthe wavefotmt ato2@dSAR e
vari.es in accordance with the nodul ated waveform signal as nentioned
above, and twevefimmer atesoryrt @l nead - not adeécessesi¥ixD Ve yiange atwisth at e
corresponding to the "pitch i nformation". The t_hus&g.enerat ed virtual
read addr espEewigusly-inpaeted sipdidiatiaroduFiged DdS aodtagrymporsimilar
non-periodically as 25 shown, for exanple, in Fi % 18. Then, as
il lustrativetgy @k of Fig. 10, showing an example of plural-cycle
waveform data for a tone that are to be stored in the
waveform memory 10. Specifically, for the single tone, an
attack-portion waveform and a loop-portion waveform are stored
and managed in data divisions in the aforesaid manner. In
this case, it 1is not necessarily essential to provide a
"connecting waveform segment" prior to the loop-portion
waveform as shown in Figs. 10A - 10D, because the attack-
portion waveform and loop-portion waveform correspond to each
other in a one-to-one relation. Namely, it is only necessary
that the attack-portion waveform and loop-portion waveform be
originally made so as to continuously connect with each other.
The loop-portibn waveform of Fig. 19 consists of "n" data
divisions and all these data divisions are read out in a
looped or repetitive manner; that is, start address A0O of the
first data division in the loop-portion waveform corresponds
to a looping start address LS. In the event that if the

attack-portion waveform and loop-portion waveform are

originally made so as to not continuously connect with each



in Fig. 18, the actual read address cal cul ator 16 generates act ual

read addresses RAD that are intermttently shifted by the TSC control,
in response to the swing of the virtual read
-104- addresses VAD while nmaintaining an advancing slope

corresponding to the pitch informati on. Thus, by reading out the stored
waveform data fromthe waveform nenory-1Qoat-a constant rate correspondi ng
to the tone pitch while junping back and forth along the tinme axis of the

wavef orm data, a waveform can be generated which has under gone stpeci al

modul ati on cathem thenauscomrREting waNeformk -spgmeny’y ogipilay to that

conpression of the stored waveform Thus, by applying  such speci gl

' nodul ation htFEgst olORor éQBnMWEYrQﬁmﬁ?¥¥%% g?eﬁﬁgﬁ?aﬁa RrESEb%ﬁbﬂ?F%n

- waveform the act uaI1I:J)_/ read-%t wavef orm can be significantly varied by
t he- TSC cont}APRIGELMM SFPYFHECERe | oop-portion waveformis repetitively

read out, thus effgectiyvel im ' orQusne qﬂ%_,t t
reg‘efitive readofﬁk.’ge t\ﬁaﬁlt %s ou?%‘t'%gglgg‘\;%sa?ﬁzt ?%e a ovg)?dglggtrilebeboy
nmodul ati on [ ﬂgﬂ% dﬁaé | h8kRati 1@ shie
to the repet%%ﬁ%éf&%é%out E%)a sgp?§¥°g%? gthﬁ% %ur%g%esﬂgf or exanpl e,

the nodul atign £oRbtekatafublecalyansieansnkty ordftbll adkied andsindsd inot Wer e
it is desired to positively or freely inpart "swing" to a to-be-generated

tone so as téne aGhitdVephedPoaEby-imparted  eridulatidnAppsi dat i theofabi@e@-
Control to Various Special Performance Styles] El ectroni ¢ nusi cal
i nstrunment i dedentived npreferfSl embodinéntay i ncl ude, in place of the
keyboard 101A and performance operators 101B, a M DI interface device for
Further, it is preferable that the loop-portion waveform
to be storéd in the waveform memory 10 be previously processed
in such a manner that its last and first waveform segments
can smoothly connect with each other during the looped
readout. For example, cross-fade synthesis may be performed
between last and first waveform segments of a waveform,
extracted from an original waveform as 'a loop-portion
waveform, to thereby create a connecting waveform segment, and
the thus-created connecting waveform segment may belstored as
a last segment of the loop—portion waveform. Further, the
'attack-portion waveform to be stored in the waveform memory
10 does not necessarily have to be a whole of an originally
made attack-portion waveform and may be one obtained by
cutting off. an intermediate part of the original and
performing cross-fade synthesis between the remaining end
parts of the original. Of course, a plurality of waveforms
each having attack-portion and loop-portion waveforms as shown
in Fig. 19 may be prepared and stored for a plurality of note

ranges, one for each note range, as previously stated. In

such a case, the respective storage spaces, in the waveform



receiving, froman external source, necessary performance information in
M DI format and generating a tone waveform on

- 105 - the basis of the MDI performance information. In such a case,
the organi zation of the electronic nusical instrument may be nodified in a
manner as shown in Fig. 21. In Fig. 21, the electronic nusical instrunent

i ncl udes,.in place of the keyboard 101A;gnd-performance operators 101B, a
M DI interface device 101 and perforns tone reproduci ng operations based
on the TSC control by neans of the control unit 102, tone. generator unit
103, etc. Haiemoiynf1d mafoontbesrgapectivenpotef rpages; niiaye bet weds ta ke as
vibrato, trenolo, slur and pitch bend, is also supplied to the instrunent
in MD fornehe samet lar wakEferantems ynaeessagy: 21LL, p| tR%| eEFEPLSnaidi®r m
data corresponding to these performance st%%es are1@§estored i n

condi ti on weePesive gt RPICERIATE (PR FMS (he HUMRRT O (YO
TSC trol, ' I ted. of | I 4
st ronent. 1y SoRI@ARE O BRcpREr SR or 15YER BRKR i e

ther than j |, f .t 1B.
Note.that { HECEAFERE Rise dpaiikfabdung HEREY BEBARE SR vt
finforna;ionigqgigﬁgé}nﬁofp¥?gng09érpﬁa£grggﬁﬁgs_styIes" in MD
i nformation, an us t

a e information nay be “supplied as a M Dl excl usive

nessage. The exclygé¥8 BRES86Rtrbs: 18tgethoiméd aletod@ing ate Otltk ngrdmpldie
M DI standard, for transfer of information having a function unique to a

maker in queStFiY. (19 therate wpdn froatiinecandnkey-on evéntprocess ase
mai n routine of the processing program run by the control unit 102

i ncl udes an sipewatinrFigs. hicandaldimay wetexecuidl byftherterirehsunkln
received via
102 (Fig. 1). The modulated waveform signal may be generated

via performance operator processing in the main routine, and
the performance operator processing may be carried out in a
.manner as shown in Fig. 20. In the performance operator
processing of Fig. 20, a determination is first made, at step '
.S30, as to whether predetermined dontrol timing has arrived
or not, in order to generate a sample value of a modulated
waveform signal every predetermined control timing. If the
determination is in the affirmative, control goes to step S31
in order to generate current sample value data of - the
modulated waveform signal. The current sample value data may
be generated by incrementing by one the read address of a
memory storing a desired modulated waveform and reading out
one same value data in accordance with the incremented read
address. In this case,.the modulated waveform stored in the
memory may be of any optional shape, such as a non-periodic
swinging waveform as well as periodic sine waveform.
Alternatively, a low-frequency oscillator (LFO) may be

employed for generation of the modulated waveform, or a random



the M D interface—deviece—101,—=so0 that M D -input event

- 106 - processing is carri.ed out, as shown in Fig. 22, when M DI

~information hdkis j ed In the MDI-input eventpgp&acessi ng of
Fig. 22, the r nformation is read in at step HISagHE
content of the i information is determ ned at stjep
received M DI information represents a-nppg8-on event, contror— -

step S42 in order to performa note-on process corresponding to a

desi gnated performance style. Specifically, the note-on process is carried

out using auwpher generater MaYabgesadrand a3t ypedaw: BURPEEI gRpexpted

i nterrupt process of Fig. 25 as wll be |ater described, An _ exanple qf the
not e-on proce@reby sme¥n be pEgd &S current; sample ¥RLER dalke ingft'or i on

ts h PC), t . I d S43
order to ~pdit S GO S BT BE oBLEaCEbY 1 BB, AREkg HEA Tl PR of
: by o _
| nivor mati on TLATREATEY ok e ARt Gak F i ARG cdntrol

generat ed tafie, AR Y O RRILI B L ckbnd N Hillted© SIS @3B 2

real- tinme contro ata reception process corresponding to the content of
the real -ti npeLORK Mot essidn thf il eeittathgMi REormBtebABL & Qensr&88d il
change information, then the real-tine control data reception process

cor r espondi rgedordditcds Gt €t the fgdieratsd radmplengs dyas afrethe moduleed ed
out at step S44 in a manner corresponding.-to the performance style; that
is, at thi wateforylsignmal.cal -Thie sdretch/dempressdpn onapiocsntting
carried out using the waveformsuited to a perfornance style determ ned by
t he inter r uptnfommationfisi fed by waytpé the control regsiter 113 (Fig.

1) to the waveform generating section 111, from which it is
transferred as data of stretch/compression ratio SCR to the
virtual read address calculator 17 directly or by way of the
converting section 18 (Fig. 2). Step S32 may be omitted, and
the sample value data of the modulated waveform signal may be
fed to thé converting section 18 so that the converting
section 18 generated data of stretch/compression ratio SCR
corresponding to the modulated waveform signal.

The virtual read address calculator 17 modulates the
"pitch information" with the stretch/compression ratio data
SCR that varies in accordance with the modulated waveform
signal as meﬁtioned above, and then generates virtual read
addresses VAD varying at a.rate corresponding fo the "pitch.
information". The thus-generated virtual read addresses VAD
have been swing-modulated periodically or non-periodically as
shown, for example, in Fig. 18. Then, as iilustratively shown
in Fig. 18, the actual read address calculator 16 generates
actual read addresses RAD that are intermittently shifted by

the TSC control, in response to the swing of the virtual read



-107- event the received MDI information is another nessage than the
control change information, the process of step S44 is executed as a
process that should be carried out when control data is received for
controlling in real time a currently generated tone. For exanple, even
when the M DI nessage is a "voice nessage", the process of step S44 is
carried out if the voice nessage includgpsacontrol data for controlling in
real tinme a tone like "pitch bend", because "pitch bend"” is normally

i ncluded in a voice nessage according to the MDI standard. As an exanpl e,
the real -ti reidxesses J¥AR r evbpleon mapineairingy 8fe a2@Y8RELRIng FIARS ne
as shown in Fig. 24. If the received MDI information is other than

the above- ROETeFRANANRG 1Y the pddels informatians | FhYF ddhY (Pating PWHut

oper ations corresponding to the content of e other. informatio
The not e-on Eﬂ%cﬁggrﬁﬂogﬁvﬁfoﬁ'b.do c%ﬁ‘ﬂpi %Bg FaVEEPT JARRQTE g?maItarato

(0. key CoMER®i Tt optEssppidils) B Ehe; sboe BATER widle TR
det ect ed nOtk?a'&P %&nkor(:.h' aﬁonﬁ{]\ﬁhtaegﬁnﬁséﬂ@f[ &f tRE %AVRELRM) dataS! Y ed

into the note nunber register ormation indicative of initia

touch intensjdyefdr® cf! Wt Ygsldated thtidipnads! alriibridond hesplairct ed

note-on event 1s stored into the velocity register VEL, at step 6. Then,
at step S47, madyl@Eorwfcéhtrob! gbakbhaligeorepbaitibn iof dnmcisad sarskmstsilgned

as a tone generator channel CH for sounding or generation of the

desi gnat ed tamd, camprassihonuefcthenedtonethevavéfaotme. asThysed byt eprkting

stored into the assigned channel register ASR
such special modulation control to, for example, repetitive
readout of a loop-portion waveform, the actually read-out
waveform can be significantly varied by the TSC control even
when the same loop-portion waveform ié repetitively read out,
fhus effectively eliminating monotonousness due to the
repetitive readout.

It should be obvious that the above-described modulation
control is useful not only for eliminatihg monotonousness due
tb the repetitive readout but also for any other purposes;
For example, the modulatioﬁ control can be advantageously
applied to a situation where it is desired to positively or
freely impart "swing" to a to-be-generated tone so as to
achieve a special tonal effect.

[Application of TSC Control to Various Special Performance
Styles]

Electronic musical instrument implementing the TSC
control may include, in place of the keyboard 101A and

performance operators 101B, a MIDI interface device for

receiving, from an external source, necessary performance

information in MIDI format and generating a tone waveform on



-108- Thereafter, at step S48, various infornation necessary

for the tone generation, such as waveform sel ecting I nformati on
corresponding to a currently-selected tone col or, per formance styl e,
etc. and envelope information, is set into 5 the control register 113
(Fig.. 21) designated by the channel nunber stored in the assigned
channel register ASR As prewvi 0psly stated, the waveform
selecting information is such information specifying particul ar
wavef orm data to be used for the tone generation in the channel; nore

10 speci fi cathe, basis odf drhent BRI dPEr§AENEBCSo LM tIOR-5| | £ Such & g
of waveform data stored in the waveform neng Further, a

! / ry 10. . 3 S
previ ously seased,thecosgariapbirRf BEntheyFlesStronic, qusical, ARgtgpent
i ndi cating target value daja and variation rates (s es.. of o]
lines) for f‘EﬁS?nt??g “%P‘ﬁ%é%‘n-’iq e mapner, as. SBeWn: 4 §6ﬂ§ r%?ll’oi n]éjr?t%f) - \%]’urre
or the |ike. . A cvarli b N ' S | e n '
113 are key the ejg%ca‘ér%f‘ct% %E?f% o&ﬂ%gg{elh%%ta%hcggﬁ%gbf q%t el‘r%JquFn?% rsréarfél on
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content of assi gned chann regi ster there is set, 20 in the

control regi§deicd 1101 "Phd GhetFbARSBEIRY rESF SRR i dferatioms bdsdd on
frequency of the tone allocated to the channel on the basi s of the
stored cont eghe OfrsicheconteolUBer meagsstef MHe cont®bko,urnit aibd¢i atdm
with the stored content of the assigned channel register ASR, there
are set, in gémeratodr oinitgll®8eretls HeZe,vdmformatioyetddsignating any
variation rate data to be used for envel ope formation. Specific

pi eces of i ndHr periformance tstykessecguehr ageeiRRatRy t BReMeignalsdudh and

channel - by- channel basis are conventionally known ang may. Pe of any
desired pitch bend, is also supplied to the instrument in MID format.

In the waveform memory 10 (Fig. 2), plural-cycle waveform data
corresponding to these performance styles are prestored in
such a condition where they are managed in data divisions to
be suited for the_TSC control, as previously noted. Of
course, the electronic musical instrument may include the
MIDI interface devicé 101 in addition to, rather than in place
of, the keyboard 101A and performance operators.lolB.

Note that the current MIDI standard is not designed to
include the "information designating any one of performance
styles" in MIDI information, and thus the infbrmation may be
éupplied as .a MIDI exclusive message. The exclusive message
is data that is defined, according to the MIDI standard, for
transfer of information having a function unique to a maker
in question (i.e.,-maker-specific function).

In Fig. 21, the main routine of the processing program
run by the control unit 102 includes an operation for
ascertaining whether MIDI information has been received via

the MIDI interface device 101, so that MIDI-input event



- 109 - specification, although not described here in detail. Various
data and information thus set in the control register 113 for "the
i ndi vi dual channels are fed to the waveform generating section 111 and

tone volune control section 112. At step S48, operations are carried
out on the basis of a performance style determ ned by the interrupt
process of Fig. 25. More specificallog,- the waveform selecting

information is generated for selecting a dedi cated waveform correspondi ng

to the determ ned performance style and set into _the _contégl r istbfléb]%l
for the correegeessing chanfarried k. (2% cFhPHBd e mafite ?F‘%Ine ot

a special one, step S48 sets such vvayef(grm selecting information for
sel ecting a iIHERTRATIRR NI PEFRLTATBREVEOL corresponds to a speci al

et r e 200 Sy | g SOOGS0, o

trendlo or the Ii%R, S Waveform sel &cting infornafi

sel ecting a wavef .edet ) d td e ct ' o,
tremol o or t%%c‘?lu‘gée‘§n &?ﬁ%ap'?%(?q;t“haglg’?lo.f% ﬁ? g ggt elgrt?ﬁéne p%%fgbrr?gl\r?cgﬁgét yl e

is a pitch bendent N tHeCPehBi$8HSMENE N Rt 1BrS Alscablagmihafos Tod tep
for selecting a waveformthat has a predeterm ned pitch bend effect

inparted thesgi 0. 1f thet hecdeveanvied ipdoraiatione reéprleseantsa &lnotetdren
step 48 sets such waveform selecting information for selecting a waveform
that has a ¢yeate) econtedlspriocefddactto nphepe84lhdretardenr theperifiormhea
determ ned performance style- is other than the above- nentioned, then step
48 sets suchnobeeinr procoss: | corresponding okof @ SeFiOPAK§da RRBERIBANGS e d

wavef ormthat corresponds to the other perfornmance s_tsyl e. . ,
style. Specifically, the note-on process 1 carried out using

a waveform suited to a performance style determined by an
interrupt process of Fig. 25 as will be later described. An
example of the note-on process is shown in Fig. 23.

If the received MIDI information represents a program
change (PC), then control proceeds to step S43 in order to
perform a program change process corresponding to the content
of the program change information.

Further, if the received MIDI information represents
data for controlling in real time a currently genérated tone,
then control proceeds to step S44 in order to perform a real-
time control dafa reception process corresponding to the
content of the real-time control data. If the received MIDI
information is control change information, then the real-time
control data reception process corresponding to the content
of the control change information is carried out at step S44
in é manner corresponding to the performance style; that is,
at this step S44, the real-time control data reception process
is carried out using the waveform suited to a performance

style determined by the interrupt process of Fig. 25. In the



-110- Finally, at step S49, a note-on signal instructing tone -
generation in accordance with the stored content of the assi gned
channel register ASR is fed to the waveform generating section
111 and tone volume control section 112 by 5 way of the control register
113. In response to the note-on signal, the waveform generating
section 111 and tone vol une contral ygection 112 initiate operations to
read out the wavef orm and to form and generate a tone vol unme envel ope.
These operations in the waveform generating section 111 and 10 tone

vol ume cont rfesecthenrdddited MaADLI ¢dfortmatdont He anothemdimeshage cthamel s
on the tine-divisional basis. Fig. 24 is a flow chart show ng an
exanpl e of ttiereehtrol change dmflorgiatimne rdeeprecess cefsstep $idd =14
of Fig. 22, which is activated in response to reception of data for

15 contr ol |éxecutedra®m Dropess Ahat §h°§59n99n§a¥6h%dlﬂu1; e"éH‘en conﬁﬁ%

In the real-tine control data reception Erocess of ﬁ
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made at next ste as to ether th
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det er ni nati oh to step S52, where it is

checked %ﬁ?t t}gicgf mesd et&*hémafééweaﬂer&pnaaeg &a&ew&fdnmgt cih 25

bend data sh eCearrieq out usi ng the normal waveform (wth no
pitch fluctugllPneerat 50koREEYHRES IMpitEPAHd", beddifect'pitdH Wertedi tat ed

wavef orm having pitch fluctuation cont rol previ ously inparted thereto
(such as thengihaBlP- included in a voice message according to the MIDI
- standard. As an example, the real-time control data reception
process may use a processing routine as shown in Fig. 24.

If the received MIDI information is other than the
above-mentioned, control proceeds to step S45 in order to
carry out operations corresponding to the content of the other
information.

The note-on process shown in Fig. 23 comprises a step
sequence similar to that of the key-on event process shown in
Fig. 12. Namely, information (e.g., key code KC) indicative
of a pitch of the tone related to the detected note-on event
(i.e, the tone designated for sounding) is stored into the
note number register NN, and information indicative of initial
touch intensity (i.e., velocity data) of the tone relafed to
the detected note-on event is stored into the velocity
register VEL, at étep S46. Then, at step S47, any one of the
plurality of channels is selected and aésigned as a tone

. generator channel CH for sounding or generation of the
designated tone, and a unigue channel number of the assigned

channel is stored into the assigned channel register ASR.



| nparted wavef orm stur-imparted waveform or vibrato-inparted waveform is

to be used, then e ige .ﬂe ermnation results at step S52, so that
control goes to sf S53, waveform selecting information for
sel ecting the pitj [I H H! n-i nparted wavef orm dedi ﬂ:}m-; o1 he
current determn style (such as vibrato, SUEE’pi!-m(gh :
bend) is set into the control register -1188 and then thg vva\RERmn‘g'gf
currently generated tone is replaced by an optional wavefor it :
the pitch-fluctuation-inparted waveform corresponding to the pitch bend
data. Nanely, Therestter: catf sﬁ@puﬁﬂﬁenyawé@@%éeﬁ%rwit% neses ISy
waveform data of such a pitch-fluctuation-inparted wavefogrm along its tine

axi sh H i s §%si Bhe tGOPSag gAReTRAGr m e RSvi WEVEHRIM e FRIRGTEY a
it t uat j ' ' t { [ h devi ' . €.
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redd addresses ed waveform data o

fluctuation-y PlryPUl QI Md P POF ﬂf@.c | tdodfphalidd by d9id AHdfhel
anount desi g#\lggt)gécf; Dy %e cl rér%nt pI tg(L en?l\g’at a. ﬂﬁ‘ If,y on the ot r?er
hand, the ng{yile Mol EdN 1§ £Re PEssbgled Shiithel NBEgisEer ASR.
pi-tch-fluctuation-inparted waveforns, then an affirmative determ nation
results at step R prdridiadly @tateld, gheswavesdrn selecting tigffdimbtidre
pitch information of the currently generated tone is nodulated in

accor dance wvis lsudie infidmtatden specd fyingnpadttedcybarevavgfom datacen e t ch
bend data to thereby pitch-nodul ate read addresses, so that the waveform
data controlusefltofgprovitdhe a foneh gepersiipon dme the channel; more

specifically, this information designates some of a plurality
sets of waveform data stored in the waveform memory 10.
Further, as previously stated, the envelope information is
such information indicating target value data and wvariation
rates (slopes of broken lines) for forming a broken-line
envelope for controlling tone volume or the like. Among
various information set in the control register 113 are key
code KC, tone color code TC and some of other information INF
shown in Fig. 2. Further, in association with the stored
content of the assigned channel register ASR, there is set,
in the control register.113, "pitch information" corresponding
a pitch frequency of the tone allocated to the channel on the
basis of the stored content of the note number regsiter NN.
Also, in association with the stored content of the assigned
channel register ASR, there are set, in the control register
113, various tafget level data and variation rate data to be
used for envelope formation. Specific pieces of information
to be used for generating tone signals on a channel-by-channel

basis are conventionally known and may be of any desired



-112- read out. If the received control data is not pitch bend data
as determned at step S51, control proceeds to step S55 in order to other
operations for controlling the currently generated tone in real tine. For
exanple, if the received control data is data for trenol o, operations
generally simlar to those of the above-nentioned steps S52 to S54 are
carvied out for trenolo. Nanely, the-dgdncated trenol o-inparted waveform
corresponding to the trenolo control data is selected, and the waveform of
the currently generated tone is replaced by a waveform segnent of the
wavef or m datspesiofiehtion oadithaugh potr depenripad here iy dadpdleorifamious
anount designated by the control data. Ann t he otﬂ control qgt used
|%he pro&%%az% dgrformatsham thus: Sede dn Flh RPRFrObi TROTRESL g n‘%’
ul ation breat h data" .and _"ex ssiony inclu in a_"control
change" mess "‘i\ﬂf"é"é’ﬁﬁ#‘ CRAPRE1F- ATS | %’e‘f §8nFP8| YEXE: %%Fgce%%neratlng
operatlons based(gn i_ g%@e&o gnSSPﬁm ééﬁ 6fes ¥ égrg&&eplacenent may
il 3 i

or ‘may not Be & pen 'ng on fore e confrol data

As noted above, the LpLSTEug! 8%8:9&5&&5 'éhﬂged&t'&xam@rw&éaé Bf

determ ne a performance style as to select a predeterm ned one of the

- waveforms thatpbprermbREe! @t Erli% daleamiiner Ber £Re MAterrapY! ®rocddd et hat

. this interrupt process nay be executed with a lower priority over other

. processes. Fig. FRESt, atMcateep @ﬁ@clmdellaym ngheon wavefeads, eldwtinmsi s
of MDI information having been supplied so far, as to -which performance

styl e shoul dimformatidmrisegendnatedefor selecting a dedicated waveform -

113 -

corresponding to the determined performance style and set into
the control register 11 for the corresponding channel. If the
determined performance style is not a special one, step S48
sets sudh.'waveform selecting information for selecting a
normal waveform that does not corresponds to a special
performance style. If the determined performance style is
vibrato, tremolo or the like, step 48 sets such waveform
selecting information for selecting a waveform that has a
predetermined modulation effect (vibrato, tremolo or the like)
imparted thereto. If the determined performance style is a
pitch bend, thén step 48 sets such waveform selecting
information for selecting a waveform that has a predetermined
pitch bend effect imparted thereto. If the determined
performance style is a slur, then step 48 sets such waveform
selecting information for selecting a waveform that has a
predetermined slur effect imparted thereto. Further, if the
determined performance style is other than the above-
mentioned, +then step 48 sets such waveform selecting
information for selecting a predetermined waveform that

corresponds to the other performance style.



performance. Them—at—next—step—S61; it is determ ned whether or not the
det erm ned perfor nce differs from a currently- enployed performance

style. If there h S din the performance st yle—as— ﬁ
at step S61, the |n ss is ternmnated. 1f, hohdWs SHEE\'E Zj
been a change in t style, then control prodeeds REP S6

inorder to further determ ne what tihe _newgperf or mance st s, and a
wavef orm sel ecting process is performed in a manner corresponding to the
new performance style at any one of steps S63 to S67. Mor e

specifically, at BimplBBp, atimﬂQnterm@tmwrbrsimhdmtwwrm tone
information so far received may be analyzed. ~Wth such analysis,

possi bl e t o genrarakienr ip opceerdapae additethehi SFPTRA [ SORIRES s?ﬁl IP%
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non- special performance style at step S62, control goes to step S63,

wher e wavef orawefdant ang itaf ofomt | andf geneslaget iangtene predemer remesl o nal

wavef orm (that does not correspond to a

-114- : These operations in the waveform generating section 111 and
tone volume confrol section 112 are carried out for the
individual channels on the time-divisional basis.

Fig. 24 is a flow chart showing an example of the real-
time control data reception process at step S44 oleig. 22,
which is activated in response to reception of data for
‘controlling a currently generated or sounding tone in real
time. |
In the real-time control data reception process of Fig.

24, the received control data is read in at step S50, and a
determination is made at next step S51 as to whether the
received contrpl data is "pitch bend" data that designates a
pitch deviation amoﬁnt from the designated tone pitch stored
in thé note number register NN. If the détermination is YES
at step S51, control goes to step S52, where it is checked
whether or not pitch flﬁctuation control based on the pitch
bend data should be carried out using the normal waveform
(with nb pitch fluctuation control previously imparted

thereto). If a dedicated waveform having pitch fluctuation

control previously imparted thereto (such as the vibrato-



speci al performance style) is set into the control register 113 (Fig.

21) so as to return the currently generated tone to t he nornal

waveform |f the new performance style has been found to be "vibrato"
or "trenolo at step S62, then control 5 goes to step S64, where waveform -
selecting information for sel ecting a waveform having a predeterm ned
nmodul ati on effect i mparted theretq pg§1set into the control register

113 so as to set the waveform of the. currently generated tone to the

nodul ati on-effect inparted waveform If the new performance 10 style has
been found tionprerten taivelfomit, slust-dmpps8sted: waveform opikyatpddnartacdp
S65, where waveform sel ecting information for selecting a waveform
havi ng a pr ethreformedspitechepised, then gf pegativpgAeterpiraeionizesits neo
the: control register 113 so as to set the waveform.of the currg%éy
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per f or mance tyl o f.oynd tq.be "slur" S6,
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Further, if the new pertformance style has been found to be other than

the above- negda@yedsatset ePnto the6Zontidl Ceayliskteg0ald,0 shépthen where
wavef orm sel ecti ng informati on for selecting a predeterm ned waveform
havi ng an 2Zfawéfermpeff§ ahenmeerrently ddrextatathbatomel iberepdacedsdily iano
the control register 113 so as to set the waveform of the currentlal
gener at ed t cvetionahewaveEorpesegmeniic @fstthee-pitch-fyauatignrirpprte
waveform Note that the operations of the

-115- i ndiwawREPTRt GerTespaling hpe the r PdichutbeRf t F8t@ranndfamgly.

because pitch fluctuations have been imparted to stored
waveform data of such a pitch-fluctuation—imparted waveform
along its time axis, it is possible to read out waveform data
having imparted thereto a pitch fluctuation corresponding to
the pitch deviation amount, i.e., selectively read out a
waveform_segment having a pitch corresponding to the pitch -
deviation amount, by designating particular locations (virtual
read addresses) in the stored waveform data of the pitch-
fluctuation-imparted waveform in accordance with the pitch
deviation amount designated by the current pitch bend data.
If, on the other hand, the normal waveform is to be used
rather than the pitch-fluctuation-imparted waveforms, then an
affirmative determination results at step S52, so that control
- goes to step S54. At step S54, the pitch information of the
currently generated tone is modulated in accordance ﬁith the
pitch deviation amount désignated by the current pitch bend
data to thereby pitch-modulate read addresses, so that the

waveform data controlled to provide a pitch fluctuation are



channel basis. In the case where there has been a change in the
performance style as determ ned at step S61, the new performance style is
continued until step S61 next detects a change in the performance style.
In tone generation based on note-on event data received during
continuation of a particular performance style, waveform data
corresponding to the particul ar perfor.mgpge-style is designated as
waveform data to be used for generating a tone. Once a perfornance style
change is detected after start of the tone generation, the waveform data
for the tonerdsd rouigenerated i s changed to that corresponding to the new
performance style, through the operations of steps S62 to S67. Even when

t he wavef or m dat alf f thet hecedvedbeppgrgéndpiaedsi foto pHECHh Heey data ahi s,

there may be_applied cross-fade synthesis that is perforned means. of
the cross-f Artexminrdat s8@n &9 lon cORErRIsprogeed eEﬂoﬁFersg%elWe& m
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cross-fadi ng wavef orm regi on the readdout o e wavef orm data havi ng

been used sogfdr absveonbhitiedeliorstdgie Sbhertdross- badi ngamBed Obwtr egHoON.
Next, a description will be made about exenplary manners in which waveform

data correspgrghdio) 0 IAMERY, Pehkordediated tremolo-imparted waveform

- 116 - styles are stored and subsequently read out for reproduction.

Fig. 26 shovsorrespanding texdinel sremolorcgmtriol dateafis selected, and the
waveform of the currently generated tone is replaced by a
waveform segment of the waveform data stored at locations
corresponding to a tremolo control amount designated by the
control data. Among the 6ther control data used in the
process are "after-touch" included in a MIDI voice message and
"modulation depth", "breath data" and "expression" included
in a "control change" message. Note that in the real-time
control data reception operations based on the other control
data, the waveform replacement may or may not be conducted
depending on the natﬁre of the cdntrol data.

As noted above, the interrupt process shown in Fig. 25
is arranged to determine a performance style so as to select
a predetermined one of the waveforms that is suited to the
determined performance style.  Note that this interrupt
process may be executed with a lower priority over other
processes.
First, at step S60, a determination is made, on the

basis of MIDI information having been supplied so far, as to

which performance stylé should be used for reproductive



wavef orm data corresponding to pitch A and al so shows, at (b), an

exenpl ary storage format of waveform data corresponding to pitch B. Each
of the waveform data includes an attack-portion waveformand a

| oop-portion waveformsimlarly to the exanple of Fig. 19. Further, at (c)
of Fig. 26 is shown an exenplary storage format of a waveform
cortresponding to a slur from pitch A toipgteh B, i.e., a slur-inparted
waveform of a transient region to effect a slur frompitch Ato pitch B.
Also, at (d) of Fig. 26 is shown an exenplary storage format, of a

- waveform c@entpmance. tﬁ‘hﬂ!t,cﬁtﬁt,le*brs"é@q)i%éh bEnds dekpemined whether

. bend waveform corresponding to a _pitch-bend pqrtion and a | oopin vef orm
corr espondi riRf tRPh Foet dekerminataPREAGTIRBCE AL fPT SN Frofk %éﬁ!é?’%r’rf}ﬁ " (d)
of Fig. 26 may, further |nclude a pend-ba veform (represented in .
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bend- back veformJds stored nd_c . r ST he
origi nal pme ergﬁﬁqﬁq%gtyagegﬁi%%&é%%ﬁ%eéﬁe gg% nég\%\/&ve %rqhﬂ{ ¢
Fig. 27 sho %gﬁgl | 'é%b he v 1S r@aade Wisdh
perforrrancevflég 0 eféef#é(;%%&eﬁ. A‘%' (SP'O?{‘%’?%%%? S és?ﬁ%a\l/\% an e%a%pﬁngm%ere
the attack-ppgtige yerebenanet LegleVarhbar BofdiralCpiroeepasdivey stepiseh A
is first read out from the waveformnenory 10 and then the | oop-portion
waveformis inepeder i v fur€nsr cddtamind ailtatt theangar tpepfdmiaritd lrtopigh  a
slur performance is instructed during the | oop-portion waveformreadout.

I n response i®, tdrel & wavefim celectinge process is performed in a manner

- 117 - wavef orm readout operation shifts to a predeterm ned sl ur

wavef or m ( sheawrespording 1 ¢hepppvt perfiersdnce v kritat REY 9ngroHRaRT m

fromthe wavef orm nenory 10, and then, upon
S63 to S67.

More specifically, at step S60, timewise interrelation
between the MIbI information so far received may be analyzed.
With such analysis, it is possible to know, clearly or to
some degree, which performance style is being used or should
be used. The."MIDI information so far received" is pieces of
MIDI information received within a prédetermined period or a
predetermined number of pieces of MIDI information.
-Alterhatively, the received MIDI information may be delayed
by a predetermined time so that the tone is controlled by the
delayed MIDI information; thus, it is possible to determine
the performance style from pieces of MIDI information received
within a predetermined period in the past and future or a
predetermined number of pieces of MIDI information received
in the past and future.

If the new performance.style has been found to be a non-
special pérformance style at step S62, control goes to step .
'S63, where waveform selecting information for seLecting a

predetermined normal waveform (that does not correspond to a



U

conpl eti ormof readout of the slur waveform the waveform readout operation
shifts to;hlq ke corresponding to pitch B thereby read out the

wav.ef orm fr 2 ] menory 10. At (b) of Fig. 27 ispshewsanather
exanpl e whe;‘m E!l‘ﬂ@ s stretch/ conpression based on the "“S(SHEﬁTtm;g BEEN
carried out of the slur waveform At (c) of | Fig. REFLAGET )
shown still another exanple where tine-axia -conpression baWﬁ
control is carried out during readout of the slur waveform while at (d)
of Fig. 27 is shown still another exanple where tinme-axis stretch based on
t he TSC contsmscial ey fexmance datyhe) r é8dset dntondhe gontgplekagRitgr

enpl oying the TSC control, only the tinme [ength of_ the slur performnce
can be vari a3 (g AYeFnEh &Gt TSEHERGFRS ‘éu’ﬁ??’(‘,ﬁll’/aﬁ‘?%ﬁlf%ﬁe i BB (%2 om

itch At itch B ithin_th I ' i od. Fi g...28 sh
el o5 i n it TP EREFEPRR o EodoPeR,AET E9TBARSR BiA SoaHrrRRTLe
Is to be effgcted., At 1. 28 t
at t'ack- po(rat it(e;é":lu!g\%vte obréma)%#g]ﬁ#é:é \9\/a?/€f o#lfneﬁa %mcagg rs:es%g]ngfz dm&biétk%ht%].i S
first read Quig f£8_msttgg RET GRS kYo 28ridel BER 1 hEC 1Al Eor

waveformis Tepetitive read out an ere a pitch bend 1s instructed

during the |QORsPOItd A waNFRIMHESAAGUE. preddtefREREA SROd@LA HifoRid £fediend

i nstruction, the waveformreadout operation shifts to a predeterm ned bend
wavef or m ( shinparted (thefdtdi gs 861 iLatbhehebyontadlowegisicetend Inacefas m

- from - 118 - t he wavef orm nenory 10,

and t hen, upom setpthei eaveforsaddltthefcuhreblyl genefated thaendoefthen

readout operation shifts- to the bend-back waveform data. Upon conpl etion

of readout mgdulatienrebiext inpdoied wavetRrn. oFf the new@ezfnimance

style has been foﬁnd to be "pitch bend" at step S62, then

control goes to step S65, where waveform selecting information
for selecting a waveform having a predetermined pitch-bend-
effect imparted thereto is set into the control regsiter 113
so as to set the waveform of_the currently generated tone to
the pitch—bend—imparted waveform. If the new performance
style has been found to be "slur" at step S62, then control
goes to step S66, where waveform selecting information for
selecting a waveform having a predetermined slur effect
imparted thereto is set into the control regsiter 113 so as
to set the waveform of the currently generated tone to the
slur-imparted waveform. Further, if the new performance style
has been found to be other than the above-mentioned at step
S62, then control goes to step S67, where waveform selecting
information for selecting a predetermined waveform having an
other—performance-Style effect imparted thereto is set into
the control regsiter 113 so as-to set the waveform of the
currently generéted tone to the other-performance-style-

effect-imparted waveform. Note that the operations of the



wavef orm corresponding to original pitch Ais resuned. At (b) of Fig. 28
I S shown anot her exanple where no tine-axis stretch/ conpression based on
the. TSC control is carried out during readout of the individual
pitch-bend-rel ated wavefornms. At (c) of Fig. 28 is shown still another
exanpl e where time- axis stretch/conpression based on the TSC control is
carvied out during readout of the indivhggal pitch-bend-related
waveforms. By enploying the TSC control, only the time length of the pitch
bend performance can be variably controlled w thout changing a pitch

vari ati on wiihdi¥idwal steps icft Fog. 2D are £anmdst euki andthe\dhannel Zebunt
frompitch A) within the pitch bend peri od. [ Modi fication of TSC

Cont rol Usi rehannel,dpaskad Address] The organi zation shown in Fig. 2
may- be nodified in such a manner that the vi rtua{) read address c%cul at or

17 outputs data TRJi'RR | F@ss Whghea thersi BAS  PGRRcIP aC Ent 10i rRal
d add V. bel t th t th i rtual d VAD

| Feel 1 ana (RRATOTRERT (STEIR it o trnednal S50 L onthe e

data divisions i o ot ed v . .

addr es!s\élssI %%%&E%&? aﬁ?gl f%a%o#e%l\t/\heee(?\ L{’E'ﬁg{%c uatl:"ll'J aéasn%qgel!ﬁ L%%@érce%%aéj

addr esses RAQ]&%L- ¥R 3t8ie? SRhf toh8S§ésetaeloRbaded Ras! S
of the conpari son\ér%‘gstﬁij Nanely, the cor?f)lari sonoma e by the shift

control circpbteddni Sehehvecaathe dataidedi SiduRSng’ alddrtith@tion of a

- 119 - bet ween the addresses. In this nodification, the shift
I nstructi on partscuksr péeformandd eseybe, oravietor | datd atavasspdred fred usd
read-out data division j and the virtual read-out data division j' has

exceeded a prlaleperhiceliavalpes foamasseoratiyie t st Hesignated as waveform
data to be used for generating a tone. Once a performance
style change is detected after start of the tone generation,
the waveform data for the tone being generated is changed to
that corresponding to the new performance style, through the
operations of steps S62 to S67. Even when the waveform data
for the tone being generated is to be changed like this,
there may be applied cross-fade synthesis that is performed
by means of the cross-~fade synthesis section on the basis of
readout of the waveform data for two, primary and subsidiary,
cross-fading waveform region data. In this case, the waveform
data before and after +the change <can be smoothly
interconnected by the cross-fade synthesis section initiating'
cross-fade syntheeis such that the readout of the waveform
data corresponding to the new performance style is started for
one of the cross-fading waveform region while the readout of
the waveform data having been used so far is continued for
the other cross-fading waveform region.
Next, a description will be made about exemplary manners

in which waveform data corresponding to several performance



| ength of one or nore data divisions. For exanple, the shift instruction
IS issued when the difference or deviation between the actual read-out
data division j and the virtual read-out data division j' has exceeded a
val ue corresponding to the total Iength of one data division. Were the
virtual read address VAD is greater in variation slope than the actual
read address RAD as shown in Fig. 3, thejghift instruction is issued to
the actual read address cal culator 16 once a condition of ' [err] j + 1
has been satisfied, in response to which the address calculator 16 shifts
the data di vstylcsss Jane) sudmdq@nd subsequeptiyerondiout femdaeprodugtion.
division j' (i. rat her than just increnenting {he

va:uelj by gge (|FEQI ZFhSP&Wﬂ lﬂt-ﬁéfg a?hﬁ§emPﬁEr&cFG&F39§a§°§ﬂﬂﬁ

ca t t t t d h

Corvard. - SPNSERTY et cottmpPopaing o, REECA Mand SR8 b t%ﬁ;’?j&t(ﬂf””p)
iati | th th |

Shitt i nst L e L iR 4 ¢ 3%%%&§§[$§§8§§Pﬁd§%§§ Wridhbofaidg SO0

a conditi on Qtom Bl CEbb of the nﬁéﬁg@aaagasiheﬂuaég afh Wﬂ&rﬁ’%&h

t he address Tulst or Ivision | to the next one using

the virtual goadeOmh L & 1¢0p-Po¥tion Waveform blmliSEI} tol the exémﬂle
rather than just decrementing the value j by one (i.e., | [err] | 1

); of Fig. 19. Further, at (c) of Fig. 26 is RihwACECNXdnitary

- 120 - t hus, the actual read address calculator 16 controls the
actual read- @tﬁ)rage afdrmati @f jat vavbform( jcorpesipacidiagd. to a sHiowe vEsrom
such controlled may be carried out in any other sui t abl e manners than
t he above- nepitamed. to5pitchl Bhed.Brbod nshurofimppstedC wawefern of a

The TSC control according to the present invention nmay
transient region to effect a slur from pitch A to pitch B.

Also, at (d) of Fig. 26 is shown an exemplary storage format
of a waveform, corresponding to pitch A, for a pitch bend,
which inéludes a.bend waveform corresponding to a pitch-bend
portion and a looping waveform corresponding to a portion
maintaining the bent pitch. The waveform at (d) of Fig. 26
may further include a bend-back waveform (represented ih
broken-line block) to be used for resuming the original pitch.
Where no bend-back waveform is stored, bend control may be
performed to resume the original pitch by repetitively reading
out the looping waveform.

Fig. 27 shows examples in which the waveform is read out
when é slur performance is to be effected. At (a) of Fig. 27
is shown an example where the attack-portion waveform of the
waveform data correspondihg to pitch A is first read out from
the waveform memory 10 and then the loop-portion waveform is
repetitively read out and where a change to pitch B through
a slur performance is instructed during the loop-portion

waveform readout. In response to the slur instruction, the



be carried out by using an optional conbination of all or sonme of
several cross-fade nethods in accordance with a "stretch/ conpresslon
ratio relative to a standard reproducing 10 tinme length" as will be later
descri bed, rather than by using the virtual read address as noted
above. The foll ow ng enbodi nent may enpl oy any one of the two
hardwar e setups of the electronic nusicalipnstrunment shown in Figs. 1
and 21, but the organization of the waveform 15 generating section 111 has
to be nodified in a manner schematically shown in Fig. 29.

In Fig. 29, winefeuefceadgoteranaratinatt sbhfis] tionca upzsdeterminggdy 3191m
menory reader unit 201 having a tinme-axis stret chi ng/ conpressi ng
function, arieeefarat éSh‘e‘éﬂeﬁﬁtéP)ZG’f Figy 2H) V\ﬁvEPGFﬁggeFF@PQH s"'ellﬁl on

111 recei ves,_ by way of th control register 113 (Fi gr 21)
waveformger%]“é‘flﬂﬂvemrml rf-ﬁq“hc'fl?%nwiaﬁet"ﬂ f BEMosY & ot% ‘Emt e%nal UBERY

itch i nf di f h.of b
e uol | as (GHPTOHITN | REor BRISHE ot B B Srodui fibomty, o TS ki fShm o
TC and some :Pé étb@roség%g'E{@l& %ﬂl#@g %8 %ﬂ%\’\%a'v%form 'aél:a ?corre CPOndllye of

wavef orm genera I ng SO recelves parameter 1ndicatl
the "ration of sif Cﬁl%ﬂgﬁéﬁ¥“fghd out the waveform from the waveform
-121- relative to a standard reproducing tine |ength". Because the

wavef or m nenméno¥ear®! Ut t(BPlofctipl 127 ped feidin tdifotheE-exsupTe where
stretching/ conpressing function on the basis of a tinme- axis

st r et ch/ comtie sEime-dxi s as€iateh heompress toh dresed)anertlie MSC icmntmoltis

that is required when the waveformdata are read out at a rate

corr espondi neptvied dewt gdardugpresfoutt b tthee sjume waviedgrm.ne Aterigth of

vari es depending on a desired
Fig. 27 is shown still another example where time-axis
compression based on the TSC control is carried out during
readout of the slur waveform, whilé at (d) of Fig. 27 is
shown still another example where time-axis stretch based on
the TSC control is carried out during readout of the slur
waveform. By employing the TSC control, only the time length
of the slur performance can be variably controlled without
changing a pitch variation width (from pitch A to pitch B)
within the slurring period.

Fig. 28 shows examples in which the waveform is read out

when a pitch bend performance is to be effected. At (a) of
Fig. 28 is shown an example where the attack-portion waveform
of the waveform data corresponding to pitch A is first reéd
out from the waveform memory 10 and then thé loop-portion
waveform is repetitively read out and where a pitch bend is
instructed during the loop-portion waveform reédout. In
response to the pitch bend instruction, the waveform readout

operation shifts to a predetermined bend waveform (shown at

(d) of Fig. 26) to thereby read out the bend waveform from



pitch, as represented by the waveforns 1402 and 1404 of Fig. 5),

"CRat e" generator 202 is provided here to convert the paraneter.
Specifically, the "CRate" generator 202 receives the pitch information and
the "ratio of stretch/conpression relative to a standard reproducing or
tone generating tine |length" and calculates a tine-axis

stretch/ conpression ratio CRate based_opjghe tone generating tine |ength -
varying depending on the desired pitch. The thus-cal culated tine-axis
stretch/conpression ratio CRate is fed to the waveform nenory reader unit
201. Rile wBive form bhemdryli My and dwimg ukomicomplietian ofirgadqut
menory reader unit 201 of Fig. 29. Before going into the details, Iet us
expl ai n t he dhstke cherdpraye Pﬁ@, ﬁhﬁewémes‘@ﬁ“r@@éjl@i%é’ ) CReRAddgmehifts
function, i.e, TSC control, npl gyed i_n the E}esent [

Fi rstd thg tF9rethe Rendriack, UBW%# TW; gAtPat i JPERA GO %g'logg\rlé‘d‘fnﬁeeardo‘w
t t di .t | h

St retchi ng/ ChpRBET REFTRAGH VeVB SRS SFRRAPPE  Thr rEhe | (k998 s

stret ch/ conpresss fca&zlx%sg%a&aadgg 1?%%gg.néh]%i'@cﬁ 91 %.‘E&bﬂﬂeﬁ' Teat

of an out put” wavet reproduci ng tine |engt of

an original ? 28 is shown another examplelz%here no time-axis
(pitch-contro Iea)g wavef orm O course, the tine-axis

stret ch/ consesStSHY dhpPedStde basdd!t ol waAES TBC coattradl Ues cuYe i gt
varied in real tine even during readout of the waveform (i.e., at an

i nt er nedi at cAdyeinyg reriderAnof hehes tiaidivddhalepiittoh-band geebatéddravmi)rms hus,
the ratio CRate has the above-nentioned significance when consi dered

| ocal ly. Wtht Q@Ratef Eigl.ZB,is tshowutpedllvearedthenr exammle rienei tigeteat

its original time |ength; with CRate > 1.0, the output
axis stretch/compress1on based on the TSC control is carried

out during readout of the individual pitch-bend-related
waveforms. By employing the TSC control, only the time length
of the pitch bend performance can be_variably controlied
without changing a pitch variation width (i.e., a variation
up to a predetermined deviation amount from pitch A) within
the pitch bend period.
[Modification of TSC Control Using Virtual Read Address]
The organization shown in Fig. 2 may be modified in such
a manner that the virtual read address calculator 17 outputs
data indicative of a data division j' which é current viftual
read address VAD belongs to rather than the wvirtual read
addréss VAD itself and that the shift control circuit 14 makes
a comparison between data divisions j and j' associated with
current actual and virtual read addresses RAD and VAD rather
than between the actual and viftual read addresses RAD and VAD
and then generates a shift instruction on the basis of the
comparison result. Namely, the comparison made by the shift

control circuit 14 is between the data divisions, rather than



waveformwi || be conpressed; and with CRate < 1.0, the output

waveformw || be stretched. The foll owi ng paragraph describes the
waveform data stored in a waveform nmenory 301 (Fig. 30) within the
waveform nenory reader unit 201. The waveform nmenory 301, like the

above-nenti oned waveform nenory 10 of Fig. 2, stores a plurality of sets
of plural-cycle waveformdata in correspending relations to various tonal
characteristics, and each set of the stored waveformdata is previously
divided into a plurality of data divisions for managenent purposes.
Simlarly tdeaetweabothe neddressels. t he plural -cycle waveform data stored in
the wavef orm nenory 301 are pre-anal yzed, and oints in the plural cycles

“which are in a sab® phisempdificatdenet Hehe (st phRSETPETAPR) 1§ clssued
determ ned as respective start points of the individual data.divisions,.
In other wofRRR §uéﬁf§§ﬁﬁnﬁﬁa§EPﬁHWﬁ§¢%9¥eP%Eﬂﬁe?ngﬁﬁeaﬁiﬂﬂ¥wﬁﬁﬁéﬂgﬂt
and the waveformgdata are divi at .t he_sane-Rpoin Lot s. .defin e
dat'a di vi si o‘;rFé'Fa & %&aﬁ&dg%g‘F VigtBRlng 38'8V%I§§£%a§l%£51c%tjai ﬁheé i n

asingle dalg daded o drbddilinind 94256 * ST UERAANY Yes liBEe ot @

di visions aré phase

points and iieﬂ%?%rg;{{ﬁ GieUr Wl @ath @iviBeofala FekvésiRPte berkieldmesk t o

be able to be s y connected to another data division. The same- phase

points are sigdeRgbtion Mieluedewhdfnéhe di flidrereRe brojddei atlondetnsen
anplitude value and in sloping direction of the waveform Note that the

dat a di vi si Ofite tictwdl areadesuticdateckibebeidy famtithe wittudheregdtast
corresponding to a fundanental pitch of the waveform data. ) Mor e
det ai | ed desdatptdbwisioni gén Hesl excaasied asvahuwe corresponding to the

total length of one .data division. Where the virtual read
address VAD is greater in variation slope than the actual read
address RAD as shown in Fig. 3, the shift instruction is
issued to the actual read address calculator 16 once a
condifion of j" 2 j + 1 has been satisfied, in response to
which the address calculator 16 shifts the data division j to
the next one using the wvirtual read-out data division j'
(i.e., j < j' + 1 ) rather than just incrementing the
value j by one (i.e., j < j + 1 ); thus, the actual read
address calculator 16 céntrols the actual read-out data
" division j to shift (jump) forward. Similarly, whére the
virtual read address VAD is smaller in variation slope than
the actual read address RAD as shown in Fig. 4, the shift
instruction is issued to the actual read address calculator
16 once a condition of j' £ j - 1 has been satisfied_, in
response to which the address_ calculator 16 shifts the data
division j to the next one using the virtual read-out data
division j' (i.e., j <« j' - 1 ') rather than just

decrementing the value j by one (i.e., j < j - 1 );



here that each of the sanme-phase paints has an address Al that consists of
an integer part and a decimal fraction part. "i"represents a unique data

di vi si on nunber, 'ﬂﬂéﬁblﬁ&lﬂﬁ@eeﬂe lacddepr esent s a st art point T it N
data di vi si on. | ch will be later descri bg’gs $|éEfrTeHA$\tB<EEN
current counted va d| vi si on nunber i. Because REPLACED
respective start p di vi dwah2data divisions are | n_tne-sane

. phase, a snooth vvaveform [ nterconnection may be achi eved even when one
data division is first read out up to the last point and then another data
di vi si on starhusg she awturt rpedntaddressagadgulatortd6 | ﬁ?@?é@ﬂtﬁec‘ihe t wo
data divisions, the present enbodinpent is arranged to furth l}?%arform

cross-f ade a%?fﬂ:!ﬁe§9§d PHt dad@ tdbrisien J i shhfe, LdHARCA:

th h t d h th f

| nt er connectiatver, “sufh Gt BRE- R SHREISATBUR 1l eRy e
dat Ti (A Th Ti

CZ| 2u| a!t e((j by‘}lst%kﬁf %%%éfieﬁgé ?Hpm n‘?‘9 ﬂéﬂff?ﬂ%ﬁt a gi \S/: g?onl f rl)fn t he

start point of g4 "fhE Gifibit S6LNEnEYTSC. Control
- 124 - t hus st%}r}elng e sllm-zles of the 1 ndi V?I&Ug? <]1Iata di vi sions, the

storage capacity fra @QCGEEﬁ%Eb!eb&céif&Qﬁga%ot h@ieC presehay @ nvaldtidie may
addresses Ai are stored. Each of the data division sizes represented by
t he val ue Tibé Scefriedr sateps casengi An Optivmalercaibitapices 68hiadll or

I ncl udes integer and decimal fraction parts). The start point
address A dfommclofof severaht ombss-siasies megthofe csal ascoddanceo| wotb: a
Al = AO + TJerr] T where AOrepresents the start address of the

wavef or m datstretch/compression ratio relative to a standard reproducing
time length" as will be later described, rather than by using
the virtual read address as noted above.

The following embodiment may employ any one of the two
hardware setups of the electronic musical instrument shown in
Figs. 1 and 21, but +the organization of the waveform

" generating section 111 has to be modified in a manner
schematically shown in Fig. 29.

In Fig. 29, the waveform generating section 111 ipcludes
a waveform memory reader unit 201 having a time-axis
stretching/compressing function, and a "CRate" generator 202.
The waveform generating section 111 receives, by way of the
confrol regsiter 113 (Fig. 1 or 21), a waveform generating
instruction in the form of a note-on signal and pitch
information indicative of a pitch of a tone to be generated,
as well as tone color information such as key code KC, tone
color code TC and some of other information INF as shown in
Fig. 2.

The waveform generating section 111 also receives a

parameter indicative of the "ration of stretch/compression




(i.e., the start point address of Oth data division) and [err]T

represents an accunul ated value of the sizes Ti for j =0, 1, 2, ...,
i-1. The basic principle of the time-axis stretch/conpression
control, i.e., TSC control, in the present invention will be explained

briefly below. In the present enbodinent, the tinme-- axis
stretch/ conpressi on uses a "reproductiQuipgriod” as its processing tinme
unit. The "reproduction period" corresponds to a tinme period necessary for
reproduction of one data division and represents a unit tinme length, of
t he wavef or nre it ves ttrce tas Iw/tamdards seproducing wadnef bengtbhor \Begmizd the not
expressed in the nunber of sanples. According to the basics of the .
time-axis stWwaNefgmonpeBery oneederr shita20ilf petuaddy pemfoamseddie i timng-
readout point designated by a value of the tjnme-axis stretch/c qgression

t

rati o CRate %S SR tCRIRMEPRPrezsing  Funcbir 1R nthe LA AR EEWT hat

det I ned , ti | ed t ti i_od
P Cor dance TS | reCtaten( GPRREaRFLen ot E8 LERGTR, nEUER Aol £ tdhe
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process” forySirgLgh ggtF A& £ Céaﬂﬁééﬁaniﬁ&%& a MISTRYndUL §btcH O
mai ntai ning the reproducing tinme Tength and " conpression process" for

conpr essi Ng (ke toY geveirdd itigTein8NDéRy R Gt dif dependathgobh, a alvkired
executes the thus-identified process every reproduction period as wll be
| at er descripiechn detvéprefonted coy ntive i wave formd el AL andrit4® of thig.
respect the waveform data of non-periodic waveform segnents may i nprove
efficiency, 5}, ithereRateltl genexdticow202e iESprovaded| henabte/chnegtt the
condition to be
parameter. Specifically, the "CRate" generator 202 receives
the pitch information and the "ratio of stretch/compression
relative to a standard reproducing or tone generating time
length" and calculates a time-axis stretch/compression ratio
CRate based on the tone generating time .- length varying
depending on the desired pitch. The thus-calculated time-axis
stretch/compression ratio CRate is fed to the waveform memory
reader unit 201.

Fig. 30 is a block diagram showing details of the
waveform memory reader unit 201 of Fig. 29. Before going
into the details, let us explain the basic concept of the
time-axis stretching/compressing function, i.e, TSC control,
employed in the present embodiment.

First, the time-axis stretch/compression ratio CRate is
a parameter introduced in the embodiment to implement the
time-axis stretching/compressing function. In more specific
terms, the time-axis stretch/compression ratio CRate indicates

that a reproducing time length of an output waveform is set

to be 1/CRate of a reproducing time length of an original



controll ed selectively. Fig. 31 is a diagramexplanatory of the basic
concept of the TSC control in the present enbodi nent. In Fig.. 31,
reference nuneral 411 represents an exanple of waveformdata stored in the
wavef orm nmenory, and bl ocks 412 to 416 represent exenplary nmanners in

whi ch the waveformdata are read out from the waveform nenory. The
waveform data 411 consists of six data gpgisions denoted at Ato F.
Vertical dotted lines 401 represent boundaries between reproduction

. periods when the waveform data are reproduced at a predeterm ned pitch.
Thus, the hpitcteontrobledpr asaveformapse®f i eoursehe the time-axis
stretch/ conpression process rather than the sanple | ength, but the el apsed
tine represetretohfeonprepsionspatie ERate iRuRREr 81¥AYEd B diiged nealhg a

. divisions Ato_F of the waveform dat

: [ 411 indi cat [ edet er ;1 ned %in
which the dA% @89 ?Poﬁ’?r&reéitb“bE‘?FZpF&Hﬁcfdfe%‘gvgh%gtﬁ&a%}‘gi (?%Ir t ed
| i 401 ti boundar i bet ' '

[Tnes 4O [ CRLESEANA DOundY LRy BELNRSHLLRETQSN bR B8 grary ang
Lengths of 10g; ! Bl ‘il Bed SRIAICELAD) POERAES Bhe d{f CRERENYAR0 @ik | N
. sizes of the data diVvisions. Simlafly, the [(eproduction periods shown in

- relation to Hlacksndde bQed 181igAR¥idhhéer wheAMeBRGR BB lidealing horgzant al
and vertical directions. Each of near-square small|l blocks, in the

rectangul ar cidesks=413 .10 ,416thé epuepadt fatebirin afildabe nEintsined at

. processed W t hin one reproduction peri od I n t he
 stretch/ conptes sobghial essme abengtly; onktbf CRatstr et cH, .0 nor netle andtput
conpressi on processes (shown in the figure as "S", "N' and "C',

respecti vel yyavefoem rvbtl ooe Compressed; sand with CRate < 1.0, the
output wéveform Will be stretched.

The following paragraph describes the waveform data
stored in a waveform memory 301 (Fig. 30) within the waveform
memory reader unit 201. The waveform membry 301, like the
above-mentioned waveform memory 10 of Fig. 2, stores a
plurality of sets of plural-cycle waveform data in
corresponding relations to various tonal characteristics, and
each set of the stored waveform data is previously divided
into a plurality of data divisions for management purposes.
Similarly to the above-mentioned, the plural-cycle waveform
data stored in the waveform memory 301 are pre-analyzed, and
points in the plural cycles which are in a same phase with
each other (same-phase points) are determined as respective
start points of the individual data divisions. In other
words, such same-phase points are found in the waveform data,
and the waveform data are divided at the saﬁe-point points_to
define the data divisions. Waveform data over two or more
cycles may be contained in a single data division. In short,

boundaries between every adjacent data divisions are the same-



bl ocks or reproduction periods. Rectangul ar bl ocks 412 to 416 represent
exanpl es where the waveformdata 411 of the six data divisions are
controlled to be stretched or conpressed in accordance with the tinme-axis

stretch/conpression ratio CRate. 1In each of the reproduction periods of
Fig. 31, a predeterm ned one of the data divisions (six data divisions in
thesillustrated exanple) in the waveformdgta 411 is read out for each of

two cross-fading waveformregi on data. The data divisions to be read out
in the two cross-fading channels . may or may not be the sanme. This way, :
i rrespecti veplwseshpolintsf amd dtr stshsuffiedengndthathpeashi Of ptheedad j s
carried out in the reproduction geriods t he present enbodi nent al ways
generat es ardiisianshefdefined eioohet Rbler §9s bea fosilye Sannaghiae dif t he
two cross-fadi n%wavef orm.regi.on dat% (hereinafter ','f{_:r st _and_ second
cross- f adi nPRRRED AR gHy gy ) The FﬁmeFPE?‘Sﬁl?o%ﬂ B S FERNEF Yftiar e
smal | bl ocks, yepresent,i . . . - A

the repr odyc‘fl?:'pcﬁP pEFFods‘{,]e_q]Wq’aé.ltt"éﬁHﬁl sRCh ey yRypEore ad‘lq%llz"'dteudj by a
diragonal 1! NGl Cahd01h! SAAPINEY SGUERNGH U Ehe [ FLLEBER. CINAY Hifat -

h
F representing 1Sl ecte visions are witten, I ch nmeans that
the cross-fagdg &%‘9& hgsi-sshehyeed th fér She@dUndeC ddeasa33 1hatdhcide

waveform reglon data Is executed using these two data divisions. Mre
speci fical |l yyitl) the &fbussr abedesponning, tbha danhdafienitallopitare®s itk in
t he upper triangul ar segnent (above the diagonal 1line) is the first

cr oss- f adi ngwaweEdxii nddiegi on data to be faded out, while the data division
specified in the lower triangular segnent (below the diagonal line) is the
second cross-f adiiogewdetébledrdgsonipbiont bs @iverdrlaw. Mgt lRrassume

reference characters "S", - "N' and "C', added above the .
here that each of the same-phase points has an address Ai

that consists of an integer part and a decimal fraction part.
"i". represents a unique data division number, and hence "Ai"
represents a start point address of "i"th data division.
index count IC, which will be 1ater_described, represents a
current counted value of the data division number i. Because
the respective start points of the individual data divisions
are in the same phase, a smooth wavéform interconnection may
be achieved even when one data division is first read out up
to the last point and then another data division starting at
another point is read out. To interconnect two data
divisions, the present embodiment is arranged to further
perform cross-fade synthesis in addition to the
interconnection between the same-phase points, and hence
achieves an even smoother waveform interconnection.

In the waveform memory, there are also stored size data
Ti (Ai+l - Ai) of thé individual data divisions. The size Ti
is calculated by subtracting the startlpoint of "i"th data

division from the start point of "i+l1"th data division. By



I ndi vidual near-square small blocks representing the reproduction
periods, indicate that the stretch, normal and conpression processes are
executed in the corresponding reproduction periods. The -cross-fade
synthesis fading out the first cross-fading waveformregion data and
fading in the second cross-fading waveformregion data is termnated in
the- mddle of each reproduction period 124 - Block 412. shows the exanple
where the waveformdata are processed with the tine-axis
stretch/conpression ratio CRate of 2.0 (CRate = 2.0). As shown, in the-
first reprodtnis atoming oche tdizenpf cgdw dndigjiduak adatd disxdainnsl, he e
data division Ais read out as the first .cross-fading waveform region
data and datstetageicrpa®-ityrean bet effeckived¥oravedr 85s thadiGhe ¥ m
o Seent e Bl HE ddresses Ai Are stored. *Hath '8 U Mddh H i fon
divisions A and B are subjected to cross-fage synthesis to rovi de an.
out’put wavefSriRS r??f"?ﬁ%‘l'g%éoﬁ% ?EﬁrXBEEFi g'f'i BeProFONHE (%‘ FEETon Tt o
process is execu ere. d | Vi Si Cisafasd h ir .
cross-fadi ng%&lm?av;éﬁ%lr’gg rogfgi%%ﬁ%%%% é%gggt a I1VI Sl on%t?éeifegghou(?é%l'sm?]he

second crosgp{ '6K’#@¥' rmregion data, so that these read-out
vva€£eijfor r €9

cross-fading egl on data represented by the data divisions C and

D are subjected tPh&roesrt Jsiei sy HdRESs W3 off B¥tHEof athe Ot BaltdiviBy i M
Further, in the third reproduction period, the conpression (C) process
i s execut ed mahehe evdbusdtedsasnféliswsead out as the first cross-fading
wavef orm regi on data and data division F is read out as the second
cross-fadi ng wavef or Airegi 80 data,2Bo that these read- out cross-fading

wavef orm regi on data represented by the data
where A0 represents the start address of the waveform data

(i.e., the start point address of Oth data division) and LT
~ represents an accumulated value of the sizes Ti for j = 0, 1,
2, ..., i-1.

The'basic principle of the time-axis stretch/compression
control, i.e., TSC control, in the present invention will be
explained briefly below. In the present embodiment, the time-
axis stretch/compression uses a "reproduction period" as.its
processing time unit. The "reproduction period" corresponds
to a time period necessary for reproduction of one date_

~division and represents a unit time length, of the waveform
data stretch/eompression in the waveform memory, which is not
expressed in the number of samples. According to the basics
of the time—axis_stretch/compression control, a difference
between each ideal readout point designated by a value of the
time-axis stretch/compression ratio CRate and a corresponding
actual readout point is calculated so that predetermined
operations are carried out every reproduction period in

accordance with the calculated difference to allow the actual



divisions E and F are subjected to cross-fade synthesis to provide an

out put waveform Here, the tine |length of each of the reproduction periods
to execute the cross-fade synthesis is set to coincide with the time over
whi ch the data division as the second (i.e., faded-in) cross-fading
waveformregion data is read out. Therefore, in this readout exanple 412,
the-time | engths over which data divisiopssB. D and F are read out as the
second (i.e., faded-in) cross-fading waveform region data at a desired
pitch beconme the I engths of the corresponding reproduction periods. Thus,
i f the indi weAddut grintlitd successdiyedat fodlpwvthe tdeel |xerdout iprint
total reproducing tinme of the resultant output waveform 412 when read out
at a desiredipishortanthe pysdeipsuinedcrpesatiops depggmings)which, qng g
reproducing tinme that would be r '

d . .
2o - TRETEES BFOSEER 0 AR cFEFRFAIANG s then TRRFORKCiRg Suie
itch wit ing ,subjected to tiJe-axis., h/ ' :
: e e AL TS R 5P REtB Pt ouauBrirst ducfay fhe
reduce r 92, W . th d :
foll ow ngyrgla%%&r? egé‘rirpl egoﬂfetlggl}& ireé%%éaﬁgega%nesuc I’a%s%ﬁlﬁgpd% eat

the data die@g’;@ﬁ%&é oping §8RgPACshealaosk dadrfiadedut] and NexedieEand

cross-fading egion data in one reproduction period is read out

and faded ough&@scrui fddrbti £1&® prictdigiy evéryerepioaagtadondpenibd aderikXt
reproduction period. For exanple, data division Bis read out and faded

in as the gesondter odeéstaibed wavdbeadill egBacataes invalidating the TSC
reproduction period of the readout exanple 412, and then the follow ng
dat a di vi si crorxral r seickloutrespedtaddeouwayefonm datat ef oswripRmpdic
waveformregion data in the second
waveform segments may improve efficiency, it is preferred to
allow the TSC control enable/disable condition to be
controlled selectively.
Fig. 31 is a diagram explanatory of the basic concept of
the TSC control in the present embodiment. In Fig. 31,
reference numeral 411 represents an example of waveform data
stored in the waveform memory, and blocks 412 to 416 represent
exemplary manners in which the waveform data are read out from
the waveform memory. The waveform data 411 consists 6f six
data divisions denoted at A to F. Vertical dotted lines 401
represent boundaries.between reproduction periods when the
waveform data are reproduced at a predetermined pifch. Thus,
the horizontal axis represents elapsed time in the
stretch/compression process rather than the sample length, but
the elapsed time represented here is not absolute time.
Numbers added below the data divisions A to F of the waveform
data 411 indicate predetermined order in which the data

divisions are to be reproduced. Whereas the vertical dotted

lines 401 representing boundaries between reproduction periods



reproduction period. Wth this arrangenent, a snooth waveform

I nterconnection is achieved fromdata division B to data division C

Bl ock 413 shows the exanple where the waveform data are processed with the
time-axis stretch/conpression ratio CRate of 1.5 (CRate = 1.5). As
shown, in the first reproduction period, the normal (N) process is
executed where data division A is read g as the first and second second
cross-fading waveformregion data and these read-out cross-fadi ng waveform
region data are subjected to cross-fade synthesis to provide an output
wavef orm | natdedssaonat reguatiuéntenvpdsi du, thee exaopdecofi dFiig.-C31pr dehass

I s executed where data division Bis read out as the first cross-fading
wavef or m r egéime dengthsjof the individual reproduction periods mag@iffery,; 5

Uhat "t hese rARPHIG U SHOTIAES Rl 60 APERGHORLLORE oy IREIRETY b ohe
data divi si B and ., C | d t -fad hesi |
output v RRTRAST 57, PETRIRCRNEI™ (Rp FROREAED: 50, BuOGREy 412 1 445, T
t vavefRTRESHH TP () Bt i
o ocess. i n R { BEPERE 3L SpchTbEREE In Qo HEEL BnrhIC AR (O

This way, a §ptaded oducing tine of the resultant output waveform 413
when read out at agl%esi red pitch can be just about 1/CRate (i.e., about

1/1.5 or 2/ 3) ofg@chObd nHesFOskeard bmER1t Hllocky)l dibe thequwdEthnfielar t he
original stored waveform 41l is read out at the sane pitch w thout being
subj ect ed t tbldodchkes aXd1R2 sttoet dlbgonpepsssentscant nolit t ot datat hthatt als
reproducing time of the output waveform 413 can be reduced by a factor of
1.5. Bboodesideld showithin exanpl e weprodupdimavef @emidet a dme  the
stretch/compreésion process, and any one of the stretch,
normal and compression processes (shown in the figure as "S",
"N' and "C", respectively) is carried out in each of such
blocks or reproduction periods. Rectangular blocks 412 to 416
represent examples where the waveform data 411 of the six data
divisions are controlled to be stretched or compressed in
accordance with the time-axis stretch/compression ratio CRate.
In each of the reproduction periods of Fig. 31, a
predetermined one of the data divisions (six data divisions
in the illustrated example) in the wéveform ‘data 411 is read
out for each of two cross-fading waveform region data; The
data divisions to be read out in the two cross-fading channels
may or may not be the same. This way, irrespective of which
of the. stretch, normal and compression procesées is carried
out in the reproduction periods, the present embodiment always
generates an output waveform based on the cross-fade synthesis
between the two cross-fading waveform region data (hereinafter

"first and second cross-fading waveform region data"). In

Fig. 31, each of the near-square small blocks, representing



processed with the tinme-axis stretch/conpression ratio CRate of 1.0

(CRate = 1). As shown, in the first to six reproduction periods, the
norrmal (N) process is executed using data divisions A, B, C D, E and F,
respectively. In this way, a total reproducing tine of the resultant
out put waveform 414 when read out at a desired pitch can be just 1/CRate
(1/4) of, i.e., the sane as, a total repjggéucing tinme required when the
original stored waveform 411l is read out at the same pitch w thout being
subjected to tinme-axis stretch/conpression control. The process result

obt ai ned wi tthe heegroduchdon pemicidsh/ donpessengnlext bdocRat 413ita 416 time
above-nentioned manner may be ‘generally the sane as in the case where no
- 131 - patividedby & pé{aaﬁar@gﬂﬂﬂggsiaﬁo tyo triap@uler segmgnts fjhere
conducting the cross-fade synthesis using the sane data division _as_the
first and sckFRFDIR schagrR§eRay &Y of mFr g‘ﬁﬂﬁ?“ﬂh‘i’é“«’ev‘é‘f’Pmﬁ?ﬂ@Fﬁ’?Q idAt ki s

stretch/ conpressi on ratio CRat, t he stem can _be,arranged to Ve

execut e the %r‘b‘s%*cf‘?ﬁle ars ntWé'Sﬁ'tﬁn' gg‘%‘ﬁhanmﬁf’lpﬁngiéﬁ%{ﬁt '@f‘? m%%c?ée%va%%lee
need to determ,ne for, ea f € Q td I Qs - . ke
shows the exsaiﬁ%'lf%e%er%e %eﬁai\:/ﬂgofr%e%gt%&%rée&é%ﬁc%ssed ﬁq]hn% E'}e ti rr%- axi s

stretch/ Conn,f]égsﬂ&rai@é I gige{gméa‘ uife thefe N8VHathNaivesibhs!, M&eond,

fourth, fifth,~ sixth an reproduction periods, the normal (N)
process is &yeciltfsh ity NGiklatke Vi gdOrstdd dkafplds, B didta division
respectively. In the third reproduction period, the stretch (S) process is
execut ed whespedtof fedli in She uppexr teddnguilazsseghenti ¢ sboee oslse faidhgupal
waveformregi on data and data division B is read out as the second

cr oss- f adi nglivee Bf bs mthegifirstatarosscfadialg twavefoxmdregionr dataf a4l ke
~waveform region data

faded out, while the data division specified in the lower
triangular segment (below the diagonal line) is the second
cross-fading waveform region data to be faded out. Further,
reference characters "S", "N" and "C", added above the
individual near-square small blocks representing the
reproduction periods, indicate that the stretch, normal and
compression processes -are executed in the corresponding
reproduction periods. The cross-fade synthesis fading out the
first cross-fading waveform region data and fading in the
second cross-fading waveform region data is terminated in the
middle of each reproduction period.

Block 412 shows the example where the waveform data are
processed with the time-axis stretch/compression ratio CRate
of 2.0 (CRate = 2.0). As shown, in the first reproduction
period, the compression (C) process is executed where data
division A is read out as the first cross-fading waveform
region data and data division B is read out as the second

cross-fading waveform region data, so that these read-out

cross-fading waveform region data represented by the data



represented by data divisions C and B are subjected to cross- fade
synthesis to provide an output waveform In the seventh reproduction
period, the stretch (S) process is executed where data division Fis read
out as the first cross-fading waveform region data an data division E is
read out as the second cross-fading waveformregion data, so that these
read-out cross-fadi ng waveform regi on_dabg represented by the data
divisions F and E are subjected to cross-fade synthesis to provide an
out put waveform In this way, a total reproducing time of the resultant
out put wavefdimsiidnahinanda® @ane assubkyjeciead rtd pross-£adebsynidhesdiso ko
1/CRate (i.e., about 1/0.75) - 132 -
of a total repoodiei ag towtpPuhatwaysfiarmbe r cbui th@ wAeaoRfe repyQfualion
stored waveform 411l is read out at the sane pitch w thout bheing subjected
to time-axi §%1f3r‘€4'chF’é%nﬁPE‘§’§P§ﬁ1°Bor(tCr)olF,’r‘?‘|£')%?si%? eReECHsed) ek Htthg

m

t he

time of the output f 415 be | b f act.qr. of 3

Bl Gk 416 SHORELTIR canitel i, SO R of iF e SraPe- LaRIRge cEy SHy

ti me- axi tretch/ cQnpressio I Q. f .Q. Iyt AL St
t Ihi rd, X:‘ ;Sf fhr,e%lé?/rén %?am %I[dhrhga%dl e+‘g/%¥§?1 ?eﬁ%o?fcﬁo%ﬁlg\grgﬁo@e {%ééél%éfml

_ | A B GA | 3 i
(N) process éfﬁgﬁaga%g;goﬁgf,ago% Tl 888 €6 that thedBd feaq out

respectively. ourth, sixth, erghth, tenth and twelft

reproduct i onsResd Oflsa i dd e waleebih (RgiVPCaEEal TepreditRd UsSy Nghe data
conbi nations of data divisions B and A, data divisions C and B, data

divisions D @igionéite dndi ¥ Gire FSubjected debacttbessifade [syarthesisancb
data divisions Gand F. respectively. In this way, a total reproducing
time of the preside ananoubpdpuiayefayafiortc whenFurbbleout an a thesi richiipdt ch
can be just about 1/CRate (i.e., about 1/0.5) of a total
reproduction period, the compression (C) process is executed
where data division E is read out as the first cross-fading
waveform region data and data division F is read out as the
second cross-fading waveform regioﬁ data, so that these read-
out cross-fading waveform region data represented by the data
divisions E and F are subjected to cross-fade synthesis to
provide an output waveform. Here, the time length of each of
the reproduction periods to execute the cross-fade synthesis
is set to coincide with the time over which the data division
as the second (i.e., faded-in) cross-fading waveform region
data is read out. Therefo;e, in this readout example 412,
the time lengths over which data divisions B, D and F are
read out as the second (i.e., faded-in) cross-fading waveform
region data at a desired pitch become the lengths of the
corresponding reproduction periods. Thus, if the individual
data divisions are set to have a same length, then a total
reproducing time of.the resultant output waveform 412 when

read out at a desired pitch can be just about 1/CRate (i.e.,

about 1/2) of a total reproducing time that would be required



reproducing tinme that would be required when the original stored waveform
411 is read out at the sanme pitch wthout being subjected to tine-axis
stretch/ conpression control; that 1is, the total reproducing tinme of the
out put waveform 416 can be increased by a factor of 2. Fig. 32 is a
di agram show ng details of the process perforned in each of the

repr oducti on periods, where reference _ngggral 501 represents a succession
of three data divisions Z, A an B stored in the waveform nenory 301 and
T[err], T[err] and T[err] represent respective sizes of the three data

di vi si ons Z,when the original stored waveform 411 is-1£@3d oufmaB. thetsame
assune here that data division Ais read out as the first cross-fading
wavef or m r egpiorchi atidhout baingcsulejecterd teatimar axis Gtraray GARFRR1IR

t he second cross-fadi-gg waveformregi on data differs dependi ng on m@sl)uCQ of

the stretch cqrokior Hapt (A, atdrec SFQPF?@)‘CW%CR'Q%S°¢S

f d. Ref | 511 wh th tretch
(S)" ot ocess TRVREHTR i o faf S, CARFed; BYr SABREERR BErfod. As shown i
th | 511, jf.d I Wi Si ' t i . - i
wnver o region Nere FhefiFhS' fadol SEADRY 417 5add el Iabity ARG N0

division A u agat S 3 i n vegf [
Sxdiidfed % 3380l N9 6 ?g:%dadxff\:/él}ggl%éaﬂﬁ,gu&ﬁ 8 fainEed it watme

Nanely, as ock 521, on Ais read out as the first

cross-f adi nggyey A BF IR 169 £51 LS EngiSthd hrrél b @tods lare destid 1ni a6 stias Z
I's read out as the second cross-fading waveform region data as indicated

at 532, so tdedond ectoss-Wbading Wavefhi Srégisre Stat € dib \oratregitadusdtitn A
and Z are subjected to cross-fade synthesis. Reference nuneral 512 shows
anot her exametiodhibserebd owthwEnd Madedcest as ther ifddsdutcrossrfading
| waveform region data in the next reproduction period. For
example, data division B is read out and faded in as the
second cross-fading waveform region data in the first
reproduction period of the readout example 412, and then the
following data division C is read out énd faded out as the
first cross-fading waveform region data in the second
reproduction period. With this arrangement, a smooth waveform
interconnection is achieved frém data division B to data
division C.

Block 413 shows the example where the waveform data are
processed with the time-axis stretch/compression ratio CRate
of 1.5 (CRate = 1.5). As shown, in the first reproduction
period, the normal (N) process is executed where data division
A is read out as the first and second second cross-fading
waveform region data and these read-out cross-fading waveform
region data are subjected to cross-fade syntheéis to provide
an output waveform. In the second reproduction period, the
compressidn (C) process is executed where data division B is

read out as the first cross-fading waveform region data and



singl e reproduction period w thout changing the reproducing tinme |ength.
As shown in the exanple 512, if data division A is read out as the first
cross-fading waveformregion data in this process, sane data division Ais
read out as the second cross-fading waveformregi on data. Nanely, as shown
in block 522, data division Ais read out as the first and second
cross-fadi ng waveformregi on data as denaged-at 541, so that the two.
wavef orm regi ons represented by same data division A are subjected to
cross-fade synthesis. Reference ' : - 134-
numer al 513 dafeas ddivdstion eRanks e TRAEr eohe aBHnHhessPeFORE) crpsading

carried out in a_ single reproduction period. = As sho in the example 513,

if data di vi'@wEornsregignofdatyy $Re thar%tt‘%%%srﬁaml 5Wﬁ'ﬁ®%n
dat-a in this process, data division B follow ng .data division AlsS,r

" out as the "é%‘(: R R %?@%%%‘?ﬁ‘?%‘ﬁ%%g‘& a&aﬁ\%\ Jr‘ilj‘,Slaéglssﬁ%v\%erﬁgi n

bl ock 523, t I V1Sd IS~ T L | s | ,yx@sﬁgéorm

regi on dat adgs&l‘%dél/%%[%}tﬁq g%lgg%dg gé'ﬁcgé %l&%ﬁé E:&% re‘{alda %géﬂlg% the

second crosszd At iy WavRf,¥HBy | @HeP hotiied ! pPbeakglidteRduts@ 1Matnd he

d

two waveform reglions represented by data divisions A and B are subjected
to cross-f adgnSydtAgsH+Sduction i ddeushigy Q34BN td BB StV C r 5B dwal Nl
wavef orm regi on data, the waveform data readout is executed using
addresses cethe Wairarbdyiore UEN praldegssadautheaf ounth arepimdiesicn gjemiod
predet erm ned sanpling frequency, the pitch information (F . nunber)

desi gnat ed bysingadatetdivighons ErandiFch Biis ways esutotak xepyeducing
wavef orm can.exactly agree with the designated pitch. On the other hand,
t he reproductiiee tofrethe crrgwl tamt reutpykiwaneform cbhd e dread out at a

il lustratively shown
délsired pitch can be just about 1/CRate (i.e., about 1/1.5 or

2/3) of a total reproducing time that wou_ld be required when
the original stored waveform 411 is read out at the same
pitch without being subj ected to time-axis stretch/compression
control; that is, the total reproducing time of the output
waveform 413 can be reduced by a factor of 1.5. |

Block 414 shows the example where the waveform data are
processed with the time-axis stretch/compression ratio CRate
of 1.0 (CRate = 1). As shown, in the first to six
reproduction periods, the normal (N) process is executed using
data divisions A, B, C, D, E and F, respectively. In this
way, a total reproducing time of the resultant output waveform
414 when read out at a desired pitch can be just 1/CRate
(1/1) of, i.e., the same as, a total reproducing time required
when the original stored waveform 411 is read out at the same
pitch without being subjected to time—axis stretch/compression
control. The process result obtained with the time-axis
stretch/compression ratio CRate of 1 in the above-mentioned

manner may be generally the same as in the case where no



in the exanples 412 to 416 of Fig. 31, by selectively carrying out any one
of the stretch, normal and conpression processes every reproduction _
perj od. In Fig. 32, reference character rp represents a read pointer
that points to a start address of data division to be read out as the
first cross-fading waveformregion data, as w/ll be detailed in relation
to Fig. 34. Reference character rp[err]igepresents a current value of the
read pointer rp in the - 135- current
reproduction period, and reference character rp [err] represents a val ue
of the read poiticulap |stratchéigemprepsienct isn pepiygtefere, H¥on thus
reaching the end point in each of the reproduction periods, the adqgggf

of

for second IRARCHIRG nFhmyeressrfadeorsRERCHES o HE e tOB,r $A8R I/

. a particular_data divisign that is to be read out as.the first .

- cross- f adi nd* IR AT é'&eo F5ta2Pe ?ﬁgoﬂgx?ro?‘?ﬂbf%‘ahﬁgi%?lv%%?lf%cfeg’ﬁﬂ s

is t 1t hift f t d Vi Sl

Vi oi bn 1 SSYSfan R, TR, sTar Rt e gl nth! Sofibrblal O LEklo Chdte,
oot . . .

berween t ho A8 SfiEem ftah) BeCarring R £ ATVET "SR S8 RS o

~the current gatendliddsi onglent Ngn NEtartipment Viesiianndtdes the| ehéddB to B
[err] C ... , at each boundary between the reproduction periods. As

- shown in Fi etd@mife VEBbHee@tht b€ thedragprodaectRbni perhedsext reproduction
- period can be identified fromthat in the current reproduction period.
Nanely, in the caBkoock 4h8 shoeschhé xamplesshexe the reavefognclata tdmee
read pointer rp becones a value of the read pointer rp [err]; in the case
of the nor neprgegsgedcetth the stimetanizgteetchigorprdssinn realiodifate rp
and SlzeTAof 0.75. As shown, in the first, second, fourth, fifth,
sixth and eighth reproduction periods, the normal (N) process
is executed using data divisions A, B, C, D, E and F,
respectively. In the third reproduction period, the stretch
(S) process is executed where data division C is read out as
the first cross-fading waveform region data and data division
B is read out as the second cross-fading waveform region data,
so that these read-out cross-fading waveform region data
represented by data divisions C and B are subjected to cross-
fade synthesis to provide an output waveform. In the seventh
reproduction period, the stretch (S) process is executed where
data division F is read out as the first cross~fading waveform
region data an data division E is read out as the second
cross-fading waveform region data, so that these read-out
cross-fading waveform region data represented by the data
divisions F and E are subjected to cross-fade synthesis to
provide an output waveform. In this way, a total reproduding

time of the resultant output waveform 415 when read out at a

desired pitch can be just about 1/CRate (i.e., about 1/0.75)



(i.e., rp + TA) becones a value of the read pointer rp[err]; or in the
case of the conmpression (C) process, a sumof a current value of the read
pointer rp and size TA and sizes TA and TB (i.e., rp + T[err] + T[err])

beconmes a value of the read pointer rp [err] Fig. 33 is a diagram
show ng exanpl es of waveformdata including attack and | oop portions. . The
wavef orm data 601 - 132 - - 136- consi st of
five data divisions A to E. I ndex Count represents positions

(order) of the individual data divisions in the waveform nenory, and Cycle
Length r epr'e:s;em stotaperepredusings tifner thatowduddr peofregvd Heddivhieiudthelat a
divisions. Let's assune that the boundary between the attack and | oop
portions codmigingl wstoredhyarnespymoddieds tTRAYPUE da¥i $henSame Rh"é’h

. waveform data 601, a portion occurring fromthe waveformsta oint,to

- point TLpst, without jReing \subdestrdanion, tiepraEth sSt‘f??{é’*b[‘f‘%R&rﬁlt‘?’bn
and point TL st [of0) resR?gds to start . point f i he t|on The

| 06p portio 18ai e bRy a’ﬁ%P]E% $FLRL %;{,m a (}:‘ll\ﬂ SEHRY b
and b%;‘gegfog@,.yem S5 Re! SELUGLNGS g kAl 84 Logay port ons are

ange N a sane nanne wave ormdata that is,

“the overall data gisokiish ERds ML WRantnd hengnd it cia?@ep are

- portion and then t oop portion Is read out fromthe start to end
~thereof in aprécPesdetiiBNNEle time-abhs AEke tdle/ Eiipife S5 050 S5 b (CREtaINi t
of the process is a reproduction period, it is necessary to positionally
limt  or prepayly. sals Ihowmcdin ¢he dfirsbhe shard, afiifehd pevertth pfnintie

| oop portion. Nanmely, the respective |ocations of the start and end

poi nts of t hend caleyanth ocreposdudtbicrtperidds, the normal (N) process is

executed using data divisions A, B, C, D, E and F,
respectively. In the second, fourth, sixth, eighth, tenth and
twelfth i‘eproduction periods, the stretch (S) process is
executed uéing combinations of data divisions B and A, data
divisions C and B, data divisions D and C, data divisions E
and D, data divisions F and E, and data divisions G and F,
respectively. In this way, a total reproducing time of the
resultant.output waveform 416 when read out at a desired pitch
can be just about 1/CRate (i.e., about 1/0.5) of a total
reproducing time that would be required | when the original
stored waveform 411 is read out at the same pitch without
being subjected to time-axis stretch/dompression control; that .
is, the total reproducing time of the output waveform 416 can

be increased by a factor of 2.

Fig. 32 is a diagram showing 'details of the process
performed in each of the reproductio;l periods, where reference
numeral 501 represents a succession of .three data divisions
.Z, A an B stored in the waveform memory 301 and T,, T, and T,

represent respective sizes of the three data divisions Z, A



that an interpol ated sanple value of the |oop end point (last address of
data division E) coincides with that of the loop start point (first
address of data division Q). Now, with reference to Fig. 30, a
detail ed description wll be made bel ow about the construction and
operation of the waveform nenory reader unit 201.

- 137 - In Fig. 30, the waveform pggo+y reader unit 201 conprises
t he wavef orm nmenory 301, address cal cul'ator 302, in- cycle counter 303,

i ndex counter 304, data division size registers 305 and 306, accunul at ed
di fference ramiB: erleSo'®m agsump hexe (ghat [Qafka idivispien i tich 983 Pt R/F ng
sections 309 and 310, nultipliers 311 and 312,_conﬁensati section 313
and .adder 3abe ﬁ#ﬁ??é%ﬁ%%?TE%dHESaWPVQSHEWrEEFFBHS BFathqubégﬁﬁ case,

ti d are, foll ows. d lier,
Tenory 301 HRE (HEKR FLBLETRR EPnER BPARaPIEy B ik SUOrH e A

cach of | ¢ noAl sl BRaqh £ FREL epdiarnd G Bk BE LRESerdta

each of the" orm a sets urality of data | VI SI ons

for managenend) purpgses. (N t m@bﬁfp%rgirgst{ia}prycﬂ%oééﬁgésa&% at80 be

prestored respective sizes of the vidual data divisions for each of
the wavef or pgetrmed s. The waveformdata in a sel ected one of the sets
are read out™ in two independent data groups (i.e., as the first and second
cross-fadi ng waveRefsrérge anumieatal 511 ahowsdancexamphe whdresties sjerestch ed
fromthe address cal cul ator 302. The data division size information T
(consi sting () iptegess ahd derriel ofitadni en siamgle) rHeprnashuttinn pewipd as
an address, index count |1C fromthe index counter 304. The i ndex
count | C hel&s bghowe indthecesample3biljsifndata division A is read out

as the first cross-fading waveform. region data in this
process, data division Z preceding data division A is read out
as the second cross-fading waveform region data. Namely, as
shoﬁn in block 521, data division A is read out as the first
cross-fading waveform region data as indicated at 531 and data
division Z is read out as the second cross-fading waveform
region data as indicated at 532, so that the two waveform
regions represented by data divisions A and Z are subjected
to cross-fade synthesis. Reference numeral 512 shows another
example where the normal (N) process is carried out in a
single reproduction period without changing the reproducing
time length. As shown in the example 512, if data division
A is read out as the first cross-fading waveform region data
in this process, same data division A is read out as the
second cross-fading waveform region data. Namely, as shown
in block 522, data division A is read out as the fifst and
second cross-fading waveform region data as denoted at 541,

so that the two waveform regions represented by same data

division A are subjected to cross-fade synthesis. Reference



ordi nal nunber indicative of a division nunber of the data division being
currently read out as the first cross-fading waveformregion data; that
is,.the index count ICindicates which of the data divisions is being
currently read out as the first cross-fading waveformregi on data. Using
this index _ - 138 - count I1C as the
read address (relative address), the size3d4iAformation T of the data
division currently read out as the first cross-fading waveformregi on data
is read out, and the read-out size information T is stored into "T1"

regi ster 30umental "513 showst apotberi sxpmplpdhersy theyGampressiqn, C)
information T of each data division read qut _as the first cross-fadi
wavef or m r e @RAFRRT S FRIFL9ABUE| 0 PrE1RE)E TRRFOINTHOR ‘Pedcfm(‘ﬁe (r}%.a

Cogi on”dats Pk SChhd £<RRTY' 130, HECRRRROALARER BAU AR U

| st 306,., On_th | ' d Cindicatl & | VA S
ritber “or oS i S alE 140 Mot N Mot o
wavef or m r egi.an, d&{@l(sg@rb det £511 S AS adEa VW Fiks fn e Str&iE but As 105 Ml

(N) and conpression rocesses 1s being currently carried out, it may

be known t hadeddied SkEEssl PAQLAG! WaGetOrRereyobaddatal he Nah&ly!,eGiss tstiowdD6
is that of the one preceding the current data division as the first

cross-f adi ngi ek BaEgidutal @ivisdion Ae isureadt odatas theifiret ascddee-
first cross-fading waveformregion data, or the one follow ng the current
dat a di vi si afading heatrefetrm cregsior adatg e eindicatgdoatdad®l @dnd rdakodn
why the index count ICis used as a relative address is to deal with the
case where divistontB a5 ;mas ¢fut hes ptheasecpple qroRS-Fading (wavgform

stored. Nanely, if such relative addresses _are used,
région data as indicated at 552, so that the two waveform

regions represented by data divisions A and B are subjected
to cross-fade synthesis.

For the above-mentioned two cross-fading waveform region
data, the waveform data readout is executed using addresses
calculated by sequentially accumulating, on the basis of a
predetermined sampling frequency, the pitch information (F
number) designated by a parameter. Thus, the pitch of the
resultant output waveform can exactly agree with the
designated pitch. On the other hand, the reproducing time
length can be stretched or compressed as illustratively shown
in the examples 412 to 416 of Fig. 31, by selectively
carrying out any one of the stretch, normal and ¢ompression
processes every reproduction period.

In Fig. 32, reference character rp represents a read
pointer that points to a start address of data division to be
read out as the first cross%fading waveform region data, as
will be detailed in relation to Fig. 34. Reference character

rp .., represents a current value of the read pointer rp in the



by changing the base address, it is possible to select one of a plurality
of data division size data corresponding to particular waveformdata to be
read out and identify the size data on the basis of the index count |IC

- 139 - The address cal culator 302 initializes the value of the
I ndex counter 304 to "0" when generation of a waveformis to be
initiated. Then, upon termnation _ofjgseach of the reproduction

peri ods, the address cal cul ator 302 outputs a trigger signal

(dat a-di vi sion updating information), in response to which the val ue of

t he i ndex cauntmenBldepsoductieneperiiod)Mbaudspefiefrepgall yharactesr s eich

(S) process was executed in the just-term nated reproduction period, then

the same datxepiiesents & walkugg @Eerthecaeadt Peinter| &R - int eEhendiest

reproduction period as the first cross-fading waveformregion data is to

be read out XeP¥oRugGtieRr pepied. f HEmey WRRN FIRFRIPONTHE: §1EL Rt

repr oducti on aFetE' og, and _t hus thg:.val ue of the i dex(f unt er 304 renai
CRhe & -

s
unchanged. % _ noral r(aﬁ)ros}xg o0 RSt &84S P eeﬁ%sff-oferﬁﬁ%%lf d
reproducti on o) LY S 0 ' %ﬁ%ﬁ: | Y4.S100
read out in cflﬁ(gé% u%d%'ggw%\g§£%26gg%§t ?gﬁgpyre?%agats&t%he ! rtsgé ddrest
cross-fadi n%fﬂ@é{ﬂ;}&fﬂé&ﬂaﬁndgeaadiéigﬁoﬁethsedismtb B2 ad g as the
cross-fadi ng wavetormregion data in the next reproduction period, and
thus the valsperof tB8pok8deRALAYN! GaveFddn S PetilENd£Ea byiane thiglr theyt i f

the conpression (C) process was executed in the just-term nated

repr oduct i onrepasducitidmeperriedsecomhidatia dtoi pepmitoravashii £t ofriome tlad a

division read out in the just-term nated reproduction period in the first

cross-fadi ngcwirente| datao Bavieddnoutta n the nextt dedes- ddgilsgarhanirel

I n the next reproduction period, :
predetermined order at the boundary between adjacent
reproduction periods. As typically seen from reference to the
boundaries between the reproduction periods in the examples
412 to 416, a shift from the current data diviéion to the
next data division, like A — B, B >C, ... , at each
boundary between the rebroduction periods. As shown in Fig.
32, a value of the read pointer RP in the next reproduction
period dan be identified froﬁ that in the cufrent reproduction
period. Namely, in the case of the stretch (S) process, a
current value of the reéd pointer rp becomes a value of the
read pointer rp ,.,.; in the case of the normal (N) process, a
sum of a current value of the read pointer rp and size T,
(i.e., rp + T,) becomes a value of the read pointer rp ,,.; Or
in the case of the compréssion (C) process, a sum of a
current value of the read pointer rp and size T, and sizes T,
and T, (i.e., rp'+ T, + T) becomes a value.of the read
pointer rp .-

Fig. 33 is a diagram showing examples of waveform data

including attack and loop portions. The waveform data 601



and thus the value of the index counter 304 is increnented by two.
As briefly descri-bed earlier in relation to Fig. 32, the

- 140 - readout ("rp") register 308 holds the start address rp of the
data division being read out as the first cross-fading waveformregion
data (nanely, in the first cross-fading channel). The in-cycle

counter 303 accunul ates reproduction pitgBe +nformati on Aph (F nunber).
every sanpling cycle of the waveform data generated by the waveform
generatlng section 111. The in-cycle counter 303 generates phase data
CC(i.e., cyomsighntaf edive ndat@ ngh\rﬂﬁé@@'s afd 8eciFal frde®n Count s)
for readlng out i ndi vi dual maveforn1sanp|e val ues_of  _the data divisjon

' dﬁSI gnat edI bEﬁEJFfESQIé%%(RRS’f‘é’g?;n%éPIW ofathecipdividyal <ataydhicriginrsy
-t t 3 to t | t 02, which,
e start’ DG PESERATERETY o G GEALS FERELRaTERT SRR Fr Ry
first and Ses?:?znds 03" ‘E‘a%quithe\i?xfclg. dqgtladg%g' gggiéfgnéeedfettg'eass

cal’cul ated rea a dresse% mave orm meno nore ‘specifica

(rp + CO) begone gggﬁ)d%%gg epath@enf i £15d actrt%% faﬁangla@g;e?aﬂﬁi@

region and- (rp + ones the read address for secon

. cross-fadi n%d@ﬁ(@id&énvﬂf&ii d ¥t RBary ®etwech the ahtat&iviSionsocess tise
- executed in the current reproduction period, it nmeans that the data

. divi si on t hatavefenerecd 1601Jakapsh-vion sedairihg fromthy wavefonh staitthe

first cross-fading channel is to be read out in the second cross-fading

channel , andodint tdOpBLht-TLps'tsi tceof ddmen dHivdsising & andpB e ceabiresares

data division currently read out in the first cross-fading channel™ (this

val ue i s novthetathackeportion, and point TLpst corresponds to a start
point of the loop portion. The loop portion occurs up to
point TLpend and consists of data divisions C, D and E.

The waveform data including such attack and loop
portions are treated as being arranged in a same manner as
waveform data 602; that is, the overall data are first read
out up to the end point of the loop portion and then the loop
portion is read out from the start to end thereof in a
repeated manner.

. Because the basic processing-time unit of the process-is
a reproduction period, it is hecessary to positionally limit
or properly set the iocations of the start and end points of
the loop portion. Namely, the respective locations of the
start and end points 6f the loop portion must be set such
that an interpolated sample value of the loop end point (last
address of data division E) coincides with that of the loop
start point (first address of data division C).
Now, with reference to Fig. 30, a detailed description

will be made below about the construction and operation of the

waveform memory reader unit 201.



count CC and cycle length CL for a condition of

register 306). If the normal (N) process is executed in the current
reproduction period, it neans that the sane data

- 141 - di vision as being currently read out as the first cross-fading
waveform data region is to be also read out in the second cross-fading
channel, and thus "OFST" = 0. Further, if the conpression (C) process is

executed in the current reproduction peiged. it nmeans that the data
division that follows the data division being currently read out in the
first cross-fading channel is to be read out in the second cross-fading
channel, and t husIAORSIY. = 38j zethd twaveltorm dienciyn trader cniht 130% ead
out in the first cross-fading channel" (this value is now set in the "T1"
regi ster 305jomprises the wayesformcmenoryitIN] J@ddress aatrpladnpa?ed, drt e

. CC > CL. Here, .the cycle
length CL | CY¢}e SPHBYEE (33 dadRdgRyicPUMteX hdP4pr Aok sdiNdsiop, size

" di Vi si bei t ' t he first - f adi h ladd th
Stretch (9 Tremters 39 88t 3Hs, n derumianrel GadrRAT SRR S0t

5 f adi ng channete

~data divisi

treteh () 7 s BEH . npert
L ng ohanr PRI AR S0 b bl g dict g oo
reproducti on, perdift nih b0 18230t die 1A A nlebisRit i nig 8botobhoyEs it

( elnd currently read out in the st cross-fading channel
i f the conprgs@dPBIL) BHL eeBpeti®ecastadli BohBerGdtient &£ PERS Widwe-

: period. In other words, the cycle length CL represents the size of the

dat a di vi si afen®bbigd Ctompthents cate ods follbessecond cross-fadi ng channel,
and the end of the current reproduction period can be identified on the
basi s of the dat aAsi notednesritereptihbsameafoy ndéroxyc3@l |hamtpretordedt
I's, the point when the cycle
therein a plurality of sets of plural-cycle waveform data, in
corresponding relations to a plurality of tones, with each of |
the waveform data sets divided into a plurality of data
diviéions for management purposes. In the waveform memory
301, there-are also brestored respective sizes T of the
individual data divisions for each of the waveform data sets.
The waveform data in a selected one of the sets are read out
in two independent data groups (i.e., as the first and second
cross-fading waveform region data) in accordance with
addresses generated from the address calculator 302. The data
division size information T (consisting of integer and decimal
fraction parts) is read out using, as an address, index count
IC.from thé index counter 304.

The index céunt IC held by the index counter 304 is an
ordinal number indicative of a division number of the data
division beihg currently read out as the first cross-fading
waveform region data; that is, the index céunt IC indicates

which of the data divisions is being currently read out as

the first cross—fading waveform region data. Using this index



count CC has exceeded the cycle length CL represents the end

- 142 - of the current reproduction period. Upon term nation of the
current reproduction period, the address cal culator 302 outputs a trigger
signal (data-division updating information), in response to which the

val ue of the index counter 304 is increnented, as noted earlier. Nanely,
once the accunul ated value of the cyclejggunt CC has exceeded the size T
of the data division being read out in the second cross-fading channel,

it is restored to an initial value (CC - T), and sinultaneously the

addr ess cal czduntor IG02sgethe areadt sddresisgdarekatgitg  addressiror theciBife t he
read address in the first cross-fading . channel (rp + CC) and read address

_in the secontnfommationifiPt cHheaty rdivisgdon eymentlheaath ot G tdiSwen
e T S A Dol AN
Ths ond ¢ SRR S A dorr ey 1 1B, BgprpiiCEniR L R a Rt ¥ds TO
Fa o ot ot on T ReSLBYeR! A6 NS | BEGUPALA. Al Tdtling HindNGize O

i nterpol ati ofh ¢ Sré{dRITOWE idhdiieahta SHivHd18ACRUASLOPE- asl aheNFirst
channel s in accordance with different integer parts, independently of each

ot her. crdEs ELd it | wdive £374m arsy £4rR , d@eap e rsiani Ngarsenis b, Xk sixk
adder 314 together constitute cross-fade synthesis circuitry. In each of

the reproducinforpetionsT ofii ther data dfizdeispnbedsgs cunremttlyy msd i@st out

a cross-fade transfer fromwaveformdata read out in the first

cr oss- f adi ngag eheheglecond cross-fading waveform region data in the second
cross-fading channel is stored into "T2" register 306. On the
basis of the index count IC indicating the division number of
the data division being read out as the first cross-fading
waveform region data and determination of which of the stretch
(S), normal (N) and compression (C) processes is being
currently carried out, it may be known that the size
information to be stored in the "T2" register 306 is that of
the one preceding the current data division as the first
cross-fading waveform region data, or the current data
division as the first cross-fading waveform region data, or
the one following the current data division as the first
cross-fading waveform region data. The reason why the index
count IC is used as a relative address is to deal with the
case where a plurality of sets of the plural-cycle waveform
data are stored. Namely, if such relative addresses are used,
by changing the base address, it is possible to select one of
a plurality of data division size data corresponding to

particular waveform data to be read out and identify the size

data on the basis of the index couht IC.



- 143 - (i.e., afirst cross-fading waveformdata region) to waveform
data read out in the second cross-fading channel (i.e., a second
cross-fadi ng waveform data region), irrespective of which of the stretch
normal and conpression processes is carried out in the reproduction

peri od. The address calculator 302 generates a weighting coefficient
(cycle count CC [err] cycle length CLL figy the second cross-fading
channel, and the conpensating section 313 generates a conpl enment of the

wei ghting coefficient (i.e., 1 - CC CL). The cross-fade synthesis is
“carried out withiThe address deakenlator K302 hinitiagki zgs gthe Healug LHithesi on
read out in the second cross- fading channel. The difference, ("dif")

regi ster 307ndespreaunfr (34 9 orPhgvhen SNARAENY off 13 SRR IR &P
i deal location (virtual_ read address) and, actua

|l ti t ual d
address). HR®e inidatRdy | od@Son Y PPesﬁSﬁﬂ%n?Blgg?eégn %%gafg?faﬁﬁv%
wh tretch/ ' f _th ducj i ' t
excouted | n ERUGIIREASR, PRELPAE: afre  SAdh SoteTudisy shz, Bytatita"e"

i nformation . Th | 54 | deft rnlLEa8
l/i rtual Iread A eexés Sllrg%al gieﬂléeén%d?_e%lr% ucﬁgnﬁ%ﬁﬁ%@evﬁen tﬂllét peéf’gdoé\%s
been terni n%@p%ﬁée eqyi VALEIE tRe?d valwe BBt aimed:hdeRulddunddngsbhe s ze

T2 of the Ivision read out in the second cross-fading channel by
the time- axi snStedioteEONPMEEE! 8PetaFifal D{Or HE ithie sEReiteH () ,pridtess

CRat e) . On the other hand, the total increment of the actual read
address (i .was eddtitddtial thendustetermintbed" reprodgctien)peniad githen
reproduction period when that period has been termnated is: "O if the,
stretch the same data division as having been read out in the just-
terminated reproduction period as the first crqss-fading
waveform region data is to be read out as the first cross-
fading waveform region data in the next reproduction period,
and thus the value of the index counter 304 remains undhanged.
If the normél (N) process was executed in the just-terminated
reproduction period, then the data division following the data
division read out in the just-terminated reproduction period
as the first cross-fading waveform region data is to be read
out as the first cross-fading waveform region data in the next
reproduction period, and thus the value of the index counter
304 is incremented by 6ne. Further, if the compression ()
process was executed in the just-terminated reproduction
period, then the second data division forward from the data
division read out in the just-terminated reproduction peribd
in the first cross-fading channel is to be read out in the
first cross-fading channel in the next reproduction period,
and thus the value of the index counfer 304 is incremented by

two.

As briefly described earlier in relation to Fig. 32, the



- 144 - (S) process was executed in the reproduction period; "T1" if the
normal (N) process was executed in the reproduction period; or "Tl1 + T2"
if the conpression (C) process was executed in the reproduction period.
This total increment of the actual read address is equivalent to a

di fference between the read address in the second cross-fading channel and
the- value of the read pointer rp at thejgpd-point of the reproduction
peri od, because the read address in the second cross-fading channel
becones a value of the read pointer rp of the next reproduction period. If
t he differ enssadmitveelrp"t heregitssien 1308 mpddsothehgtadtaddfivessi op @f the
virtual read address and the total increnent of the actual read address in
the reprodudatm gdvisdons bepreseneed mwutadias the Hrser Gresswfading
cal-cul ated by the address calculator 302 in a mapner _differing, as ..

fol l ows, depEaNBFRF®N TRAFION ofatRe (Rapel¥n A9 ThE nEITEN) Ca‘?fge%'oifsﬁﬂ’é'é%l on
(C) processes is tge just-conpl eted process: if the just-conpleted
process is SRMPeLlvetch (S) process, [err]dif = (T2 X CRate);

process is _ | 2 x CRate
(T2 X CRate) - TrTDEGIR-BIEES, ¢Bpblr IF Reolihy DRSS Seprodustion ok

rees cal iitgribEhges fon  (F pufild)” (Tery g (Eychel2oe e

address cal cu _ _us-calcu ated difflerence "Adif to a
current accyumetssm dahtar %@h@r@i‘e@ By ther fhve £oeine gained atil nyC et tored
difference (dif) at the end point of

111. The in-cycle counter 303 generates phase data CC(i.e.,

cycle counts each including integer and decimal fraction
parts) for reading out individual waveform sample values of
the data division designated by the readout register 308.
Each cycle count CC generated by the in-cycle counter 303 is
fed to the address calculator 302, which uses the start
address rp and cYcle count CC to calculates read addresses for
firét and second cross-fading waveform data regions and feeds
the calculated read addresses to the waveform memory 301; more
" specifically, (rp + CC) becomes the read address for first
cross-fading waveform data region and (rp + CC + OFST) becomes
the read address for second cross-fading waveform data region.
Here, if the stretch (S) process is executed in the current
reproduction period, it means that the data division that
precedes the data division being currently réad out in the
first cross-fading channel is to be read out in the second
cross-féding channel, and thus "OFST" = - "size of the data
division preceding the data division currently read out in the
first cross-fading channel” (this value is now set in the "T2"
register 306). If the normal (N) process is executed in the

current reproduction period, it means that the same data



- 145 - the just-term nated reproduction period (i.e., at the start’
poi nt of the next reproduction period). Further, on the basis of the
determ ned accurnul ated difference (dif) at the end point of the
reproduction period, the address cal cul ator 302 determ nes which of the
stretch (S), normal (N) and conpression (C) processes is to be carried
outz More specifically, this determ nati q1is made on the basis of the-
following conditions (1) and (2). For this determ nation based on the
accunul ated difference (dif), the size of the data division to be read out
in the firstdivission asabedggcbunnentiy rerd sk asephe dbirs®eRes virding ead
~into the "T1" register in advance, and the "T2" register maintains its
val ue st or edwavefomm | datat segien: dB reprbauddison Rut in thecsirEMmdbn

(1)« if dif [err] O (where "dif" is a positjye al ue), re "T1' (Size
of the dat a SKFSITRAIRG b%h?%%%l'oﬁ’t‘diﬁh}‘ﬁel' ?F?E%{-Fagi)'ng%pé%ﬁﬁ' it HE
next reproduction eriod nd "dif", and_then 1- i f

Lorr] di 1 [ or rqompEasston (1 (CTg. process o 'Is ¢ Shoputed | 4n 1 the | curzent

dif Is ofealer Lhanone NaL gl 105 HalAs iekist Qe d8ed L oiBe oA deiese

er fit nes t he” conpression ( process Is to

carried out,eQl1oys the d(a]t'az)dix;iéﬁn(Befn?ai&aﬁ@%ﬂﬁzc%ﬁ&t 8dtdiiff efrnce

dif is not greater than one half of the dala division size T1), the
address cal cgi sdorcB88sdeb@iAgnehahfal lilke 4@l rédf optod@sthes secdrad

carried out. Condition (2): if dif <0 (where "dif" is a negative
val ue), conpexsssIPad{ng zehahnthe caida thws SMORSTAVi=ng" stomm ofeddheoudatan
t he second-fading channel in the just-term nated
division being currently read out in the first cross-fading
channel” (this value is now set in the "T1" register 305).
The address calculator 302 constantly compares cycle
count CC and cycle length CL for a condition of CC > CL.
Here, the_cycle length CL is: the size of the data division
that precedes the data division being currently read out in.
the first cross-fading channel if the stretch (S) process is
executed in the current reproduction period; the size of the
data division being currently read out in the first cross-
fading channel if the normal (N) process is executed in the
currenf reproduction period; or the size of the data division
that follows the data division being currently read out in the
first cross-fading channel if the compression (C) pfocess is
executed in the current reproduction peribd. In other words,
the cycle length CL represents the size of the data division
being currently read out in the second cross-fading channel,
and the end of the current reproduction period can be
identified on the basis of the data division size represented

by the cycle length CL; that is, the point when the cycle

count CC has exceeded the cycle length CL represents the end



- 146 - reproduction period) and "dif", and then (2-1) if
[err]dif[err] [ T2 .[err] 0.5 (i.e., if the accunulated difference
dif.is greater than one half of the data division size T2), the address
cal cul ator 302 determnes that the stretch (S) process is to be carried
out, or (2-2) if not (i.e., if the accunulated difference dif is
not- greater than one half of the data diyiggion size T2), the address

cal cul ator 302 determnes that the normal (N) process is to be carried
out . Condition (1) above is for executing the conpression process
when a devi aif crtheanpuntentt repreduckion @eriatat iWReR fEFHRaHen RaIthead

| ocation for a desired reproducing tine _is great é than o hﬁ%{ ofé#2§
dat a di vi si cnEFent TEEPROshiGtiash PEF1&90vetg§ f%& ERBBut IS LR «
rocess when a deviation anmount t.he actual .read _Logcation ah 0 he
Pdeal read |VERYGH S B?lﬁgﬁﬁsﬁ’r%rbaoi é&a%&a '1:’1@‘51:'9@9“?‘@"’15% eétle%&ﬁiéa%nl%%}e’
hal f of the data division size J2. ' 3 h [N 7 ;
surir up of tHe® r’é%%%%’t“?% egoc 8’%‘["&31;1 & h(?T ‘f%le"l:éag%% eéhn% n? %q@ﬁge‘d cg)t@l ?llg'(té (]:: h %?)5 , s

normal (N r%i\nﬁ%ﬁf% %Lﬁgﬁﬁ%ﬁrm Cafdmeéty OWndyy te Aklimstated

cal cul at or OW ng a succession of data divisions Z, A

and B stored,dfyd Wﬁf"‘@ﬁﬁf e RIEE YAt [RY thas | €kcseded UERet Bakedat i thei ON
Ais being currently read out in the first cross-fading channel (nanely,

as the firstaget®saivifsddnmobeangl areadiavat: egh ortheandecenfe atroms-stadingf
data divisions Z, A and B are Tpre, T[err] and T[err]. 1In this case, a
dat a di vi si afhamndE, r £2d isutrestdies stooad dndddaladiakpe ct@@nel Tnarnd,
as the second cross-fadi ng wavef orm dat a
gsimultaneously the address calculator 302 generates the
trigger signal.

For each of the read address in the first cross-fading
channel (rp + CC) and read address in the second cross-fading
channel (rp + CC + OFST), interpolation between éampies has-
to be effected, on the basis of the decimal fraction part of
the read address, in order to achieve a precise tone pitch
with operation asynchronous with the pitch (namely, with a
fixed samplihg frequency). To this end, the waveform memory
reader unit of Fig. 30 includes pitch an interpolator 309,
310, similar to the interpolating circuits 11 and 12 of Fig.
2, for each of the cross-fading channels, so that linear
interpolation is carried out in the first and second cross-
fading channels in accordance with different integer parts,
independently of each other.

The multipliers 311 and 312, compensating section 313
and adder 314 togethér constitute cross-fade synthesis
circuitry. In each of the feproduction periods, this cross-

fade synthesis circuitry carries out a cross-fade transfer

from waveform data read out in the first cross-fading channel



- 147 - region) is: data division Zif the stretch (S) process is being
executed in the current reproduction period; data division Aif the nornal
(N). process is being executed in the current reproduction period; or data
division Bif the conpression (C) process is being executed in the current
reproduction period. Reference character "rp[err]" represents a value of
the-"rp" register in the current reprodugiagon period Cycle length CL
applied in the current reproduction period is shown in colum "APPLI ED
CYCLE LENGTH', and OFST applied to the second cross-fading channel in the
current repriodeict ifiirsts bowssi-faddngnivavefsrmciabarr eHMRELtO WaHeIQHm t he
data divisions having a start address (rp) is read out in the first
cross-f adi nfatmnrend owE oyt Fee &esopd tqfé’%%'t%?d’dﬂ/igll"%ﬂgeﬁa\filnﬁ'a Rart

dd OFST) i d ' d - { adi, h .
“UPDATE &pr%pc%gg%ﬁ%%?aagﬁé RSSO T  HESpPOL el LR BRR e At
reproduction riod, t f "rp' LS. t ;
or Oceed it MFERORE R rECHEPhe: bBeps] () SomBetERton THRORRESER, 1o
channel and then Lo t stgqt agéireLS%p dudtfordatgedidd Si on dis begddagkHut

CepL , ,

in the first Cross-fadi ng =~ channel e next reproduction period. Colum

" UPDATE OF %\eiéufmfﬁ FoY Yeierdeda a_esgﬁuhﬂgeéoé'fﬂeieﬂee( Syd1ahesui e

process in t current reproduction period has been conpleted. This "dif"
val ue i s usetcby theladdiasstisatnyl 8oer tRh82 seonde ioriossH flaglinly atharinghe

stretch (S), normal (N) and conpression (C) processes is to be carried out

in the next andphedcompensaipingodectiofudlgeneratiagne compbamentCrf $IMDEX

COUNTER' shows that the index counter is updated to the uni que

- 148 - weighting coefficient (i.e., 1 - CC + CL). The cross-fade
synthesis is carried out within a period determined by the
size T2 of the data division read out in the second cross-
fading channel.

The difference ("dif") register 307 is provided for

storing an accumulated difference between ideal location
(virtual read address) and actual location (actual read
address) . Here, the ideal location corresponds to a read
pointer value when stretch/compression of the reproducing time
is assumed to have been executed in accordance with time-axis
stretch/compression ratio informatioh Cﬁate. The total
increment of the ideal location or virtual read address in a
given reproduction period when that period has been terminated
is equivalent to a value obtained by multiplying the size T2
of the data division read out in the second cross-fading
channel by the time-axis stretch/compression ratio information
CRate (i.e., T2 X CRate). Oon the other hand, the total
increment of the actual read address (i.e., the total

increment of the "rp" register) in a given reproduction period

when that period has been terminated is: "0O" if the stretch



nunber of the data division, followng the one to be read out in the
second cross-fading channel, which is to be read out in the first
cross-fading data division in the next reproduction period. The applied
cycle length CL is set to the value of the size information T2 of the data
division being read out in the second cross-fading channel,. and cross-
fade synthesis is carried out in the repraducti on period over a period
represented by the cycle length CL. ' Fig. 35 is a diagram expl anatory
of a manner in which the address calculator 302 determ nes which of the
stretch (S)(Sharatess\wamexespied sintherapraduaidon Py cabt’| ef
out. A succession of rectangul ar bl ocks at 801 represents a uccessi on of

data divisidie wermadhe(N)r PXAReTS ¥PS gFeFYted 341, eElP%séqﬁsq YgGen
SR LNV S

wavef or m datReTeAetfouPTi n N sectl on
(b) is shown__ an exanpl e,of form.dat out mj tggt qﬁgg¢- £
cross-f adi ngex%%%%%(gllin the r\%\r%%g&bas@é'c?'l gﬁE§§§ ret %hﬂfs p?%cess '?mer}ré eor ence

| 83 t 1 ' t | |
numer a ]td){% é:?.ggsh) %:ae?]aéi %?&ixje%%at;boaqﬂgbaﬁ.@ﬂt Loby dherdASide U N

(virtual rea _ represent's a location pointed to by the
actual point@le (rddd A8GFEL8"In thkNsbBohdC 2¥0ss-Fagange ShianaC whd agiesl

difference dif is dif old as denoted at 821, the above-nentioned condition
(2-1) is satysfuedofSothehateade pulititeas apl cakatihe 3@hdlepednitnesft hihie t he
. stretch (S) process is to be carried out. In this stretch (S) process,

. wavef or m datremraductibnuperihod hebécassecthesrbadi pddressndal the segontdr

as shown by a triangle 801 representing .
- 149 - cross-fading channel becomes a value of the read pointer rp

of the next reproduction period. If the difference between
the total incremeﬁt of the ideal location or wvirtual read
address and the total increment of the actual read address in
the reproduction period is represented by Adif, the
difference Adif is calculated by the address calculator 302
in a manner differing, as follows, depending on which of the
stretch (S),_normal (N) and compreséion (C) processes is the
just-completed process:
if the just-completed process is the stretch (S)
process, |
Adif = (T2 X CRate);
if the just-completed process is the normal (N) process,
Adif = (T2 X CRate) - Tl ; or |
if the just-completed process is the compression (C)
process,
Adif = (T2 X CRate) - (T1 + T2).
The address calculator 302 adds the thus-calculated difference
Adif to a current accumulated difference (dif) to thereby

determine an accumulated difference (dif) at the end point of



a fadi ng-out waveform ((a) of Fig. 35), while waveformdata are read out
I n the second cross-fading channel in a manner as shown by an
oppositely-oriented triangle 804 representing a fading-in waveform ((b) of

Fig. 35). In subsection "normal (N) process”, reference nuneral 832
represents a last location pointed to by the ideal pointer and 812
represents a location pointed to by the gaggual pointer. |In this case,

because the accunul ated difference dif 1is dif[err] as denoted at 822, the
above-nentioned condition (2- 2) is satisfied, so that the address ,
cal cul at or 31 ditstrtercsinated reproduationNpepiodedd-ps .t @tdheargtant
out. In this normal (N) process, waveformdata are read out in the first
cross- f adi npeintref the snezkneepreduabivn pheried) angl e 802 representing a

fadi ng-out waveform ((a) of Fig, 3%), whil veform data_are read out.in
t he second cross-?'ﬁﬂ?hﬁrch%eghei rli?aflrﬁanﬂ r %sﬂ%ﬁﬁr‘ﬂrnﬁﬂ accumulated

sitely-orjepted tri 0 i f adj ng. | f
P02 oy i LG A4 UL E 0l SECBEEN B SIS RALE) ©
| 833 | | - : q
epr coents acataaneporaisEtoly Uz, 'dSvetfed iR BRC e Sereten

because t he ageum Al (i)l bRECaGRpPbLel snid) [tddasss danebode Hasidba the

above- nent i ohed con on’(1-1) 1s satisfied, 'so that the address

cal cul ator 382 det pbFeNepddiati cding ,C R £ SEétermidafiotess inadeo die the
carried out. In this conpression (C) process, waveform data are read out

in the firsasi®sesf atiegfobionthgi kondirdoas akl shand 2 )a tr Fargl€his803
representing a fadi ng-out waveform((a) of Fig. 35), while waveformdata
are read outdeterminaebomdased sof athepetumnated difference (dif), the
- 150 - in a manner as_shown by an oppositely-oriented triangle 804
size of the data division to be read out in the first cross-
fading channellin the next reproduction period is read into
the "T1" register in advance, and the "T2" register maintains
its value stored in the just-terminated reproduction period.
Condition (1): if dif 2 0 (where “dif“ is a positive
value), compare "T1" (size of the data division to be read
out in the first-fading channel in the next reproduction
period) and "dif", and théh
(1-1) if |aifl s T2 =2 0.5 (i.e., if the
accumulated difference dif is greater than one half of the
data division size T1l), the address calculator 302 determines
that the compression (C) process ié to be carried out, or
(1-2) if not (i.e., if the accumulated difference dif
is not greater than one half of the data division size T1),
the address calculator 302 determines that the normal (N)
pfocess is to be carried out.
Condition (2): if dif < 0 _(whgre "dif" is a negative

value), compare "T2" (size of the data division having been

read out in the secoﬁd—fading channel in the just-terminated



representing a fading-in waveform ((b) of Fig 35). Further, in
section (c) of Fig. 35, there are shown other exanples of determ nation
for. waveformreadout in the next reproduction period. |If the virtual read
address has advanced froma | ocation pointed to by the ideal pointer 851
in the | ast. or preceding reproduction period by an anmount denoted by 852,
t hen the accunul ated difference dif becogggs -as denoted at 823, the
above-nentioned condition (2-1) is satisfied, so that the address

cal cul ator 302 determnes that the stretch (S process is to be carried
out. If the mpﬂoﬂict:rcna@atﬁcbde)ssams"éuﬁ'én f¥Re®t he i deal pointer

| ocation 851 in the precedin eproduction perjod by an a unt denot by
854, then the accumu{@dt®d di¥ eré xlf bE%oné% asP Rnot et - &t - 83% ﬁﬁ%

above- nenti oned COﬂdItIOH.%Z 2& atisfied at the agd
cal cul at or FEwWBtatRGditferenas abfn’&ls 3:;?r"" an d"eo Béf glfl’l
t. Furth he, t ugl d t
pointer | oiiﬂm di 4o t‘éﬁ@%&éﬂed%ﬁ # %’F% SHHEREEoL AR %ﬁtéalﬂ@ﬁ%%s
denot ed by &épeqs{£5%éﬁc géggﬁgﬁfigrggcged?grpggangﬁtasogenoted at

857, the ab i'oned con is satisfied, so that the

addr ess cal cul at or 3p3- Q?tffqh9€§ it kat ke tpaNBEEeHL D8LtEL)di PLOESSSe idLL O
be carried out. In“relation to #lg 35, the address cal cul ator 302

has been desgridedgisateteehhngonacnall £t b theeidalta( Givisdess sifa T2),

al lowing the actual read address to be noved back by one period of the
wavef orm t hehenoaddrebd) qalmdsstdmr302| deitegminke ddtatal theanoxma@desEN o
advance in the normal manner, and - 151
- t he conpessess 1<) tprbeecsarfbedapibwi ng the actual read address to

junp by one period. In an alternative, the actual
Condition (1) above is for executing the compression

process when a deviation amount of the actual read location
behind the ideal read location for a desired reproducing time
is greater than one half of the data division size TI.
~Condition (2) above is .for executing the stretch process when
a déviation' amount of the actual read location ahead of the
ideal read location for a desired reproducing time is greater
than one half of the data division size T2.

Fig. 34 shows in table 702 a sum-up of the respective
contents of the above-mentioned stretch (S), normal (N) and
compression (C) processes carried out by the address
calculator 302, with block 701 showing a succession of data
divisions Z, A and B stored in the waveform memory. Here,
let's assume that data division A is being- currently read out
in the first cross-fading channel (namely, as the first cross-
fading waveform data region) and respective sizes of data

~divisions Z, A and B are T, Toow and T ... In th.is case, a
data division to be read out in the second cross-fading

channel (namely, as the second cross-fading waveform data



address may be allowed to nove back or junp by two or nore periods. Fig.
36 shows an exanple where the actual address is allowed to nove back or
junp by two peri ods. More specifically, in Fig. 36, a |location
pointed to by the ideal pointer determnes a data division to be read out
in the second cross-fading channel in the next reproduction period; that
I's,-one of the data divisions which has w9 -start point closest to the
i deal pointer location is selected as the data division to be read out in
- the second cross- fading channel in the next reproduction period. -
Assuni ng t hategimn) dést Jdeitat etivigianal dfadhedditesatch i (S)H@TPERESAUR i on
period before the preceding one was at |ocation 902 within area_905, a
fadi ng-in wdvasing mexegused0dn \Hhe r GUFTART | FePReduetdRr PeEiodadidnra
channel in the  precedin reproducti?n period. Thus, "rp" is a éocation
907 in the diFdian Agdodhd Porad: i(5d, PrAGess; éﬂihﬁ’-“b&te’ﬁﬁ‘é & A1 5 on
910 is read out in the first cross-fadi chann | N 4. CcUrrent.
repr oduct i orfFPET§ Y. Teproduyghign, Bﬁgc}gggngofep(f%)toéuctdllyr%‘%ﬁ%?‘l og, Hie MiRal
poi nter has_advanced ov a “I2 p t 0 Wale
904. At thatc?q'%?s?r%?agéan{h’%%%i fr %’erlge%ry dléf! glggrtgfift%?rielllb ;@%ﬁ%ﬁ ed
at 912 and t | | i &S, M Ay S t a f aell ddhts
wavef orm reg%fﬁ%?%%%%ﬁ? inﬁﬁéelrég%ond c?%ggf;?ﬁnﬁwchan% in the
current repr@dyal,@n oP€th8d."rp" redibteiddn i thd heugrehentremmduticiomn

peri od, cross-fade - 152 - synt hesi s
is effected petiw®n tHelaavehgthn CRgapplitd rHeadheutcunrentherdpraduction
cross-fadi ng channel and the waveformregion 911 read out in the second
cross-f adi ngpehtodheis sbowhatin leokwend "APPLIED CYCLE LENGTH", and OFST
| applied to the second cross-fading channel in the current
reproduction is shown in column "OFST OF 2ND CHANNEL". One
of the data divisions having a start address (rp) is read out
in the first cross-fading channel, and another one of the data
divisions having a start addfess (rp + OFST) is read out in
the second cross-fading channel. Column "UPDATE OF rp" shows
that upon completion of the process in the current
reproduction period, the value of "rp" is updated a read
address to proceed with readout of the data division in the
second cross-fading channel and then to the start address of
the data division to be read out in the first cross-fading
channel in the next reproduction period. Column "UPDATE OF
dif" shows a value of the accumulated difference dif when the
process in the current reproduction period has been completed.
This "dif" value is used by the address calculator 302 in
determining which of the stretch (S), normal (N) and
compression (C) processes is to be carried out in the next

reproduction period. Further, column "UPDATE OF INDEX

COUNTER" shows that the index counter is updated to the unique



pointer rpis allowed to junp over two periods to "rp[err]” location as
denot ed at 908. The advanci ng anount (increnent) of the virtual
address in each of the reproduction periods nmay be made greater or

smal l er than the exanple of Fig. 36, by varying the value of tine-axis
stretch/conpression ratio CRate. According to the illustrated exanple, the
data division to be read out in the secqng cross-fading channel in each of
the reproduction periods may be allowed to freely junp in the forward or

backward direction. Fig. 37 is a diagram show ng an exanpl e of
control whennumber-afithe tdata Wicoispiars,sifiol Icating CRet enes td. be( meadnowtbe
readout exanple 413 of Fig. 31). Ref erence nuneral 1001 represents a

manner i n whishtheesecondagapsss fadiagc ehanmelhe whiiichs tis rtes g axpady out
channel . The_horizontal axis represents tine in which the normal (N) and
conpr essi on &) bPBcefizstyr erosgpdaddag ndatias GHgesithe i ocER pagxt

ducti lod. . . Th rtical ' t d S) , d |
1005 opr cSERERRUGH PR RYEHBm dIPE PPRILA Iy M ot oSSR 0t o
I ndi cat L mat ion_in.d di, Vi Si A F b '
o Ref or oncERRUTEME RioothepPaeniitstanton % Gr bhe det PRt de,
advances in Loen5eR00d GEOF teh GprBREL. (BRLRGC0ARNAUT®! 8halORdks

represents a vartration 1n val ue o read polntefr rp, rence nuner al

1004 represeyas dywehedds ofk idhrAlde® Rt LhRE thiCr8pe8HlELtEon ¥BLEBA over
- 153 - varies in such a manner to cunul atively 1ncrease every

reproducti ona period. représéntéddbpothéetyclp ladygehces. to sequentially
point to data divisions A, B, Dand E, as previously noted. Address is-
generated in the Figst 36r des-a diagram explanatory of a manner in which
the address calculator 302 determines which of the stretch
(S), normal (N) and compression (C)-processes is to be carried
out. A succession of rectangular blocks at 801 represents a
succession of data divisions, with the horizontal axis in Fig.
35 representing read address rather than time. In section (a)
of Fig. 35 is shown an example of waveform data readout in
the first cross-fading channel, and in section (b) is shown
an example of waveform data readout ih the second cross-fading
channel.
In subsection "stretdh (S) process", reference numeral
831 represents a last location pointed to by the ideal pointer
(virtual read address) and 811 represents a location pointed
to by the actual pointer ("rp" register). In this case,
because the accumulated difference dif is dif ,; as denoted
at 821, the above-mentioned condition (2-1) is satisfied, so
that the address calculator 362_determines that the stretch
(S) process is to be carried out. In this stretch (S8)
process, waveform data are read out in the first cross-fading

channel in a manner as shown by a triangle 801 representing



- fadi ng channel in the manner shown at 1001 by adding the value of the read
pointer rp and the cycle count CC. Address generated in the second
cross-fadi ng channel advances in the manner shown at 1002 to sequentially
point to data divisions A C, Dand F. Two waveformregions read out
usi ng such addresses are subjected to cross-fade synthesis, and thus a
tone waveformis reproduced at a designajgg pitch for a reproducing tone
corresponding to four reproduction periods. Fig. 38 shows an
exanpl e  when time-axis stretch/conpression ratio CRate is 1.0 for
repr oduct i ora wiadiingrrowt i gaveformpf 6alcofigFigeae 36dngmhilenwameforyp datsns
an exanple when tinme-axis stretch/conpression ratio CRate_is 0.75 for
repr oduct i orang tread seubt theghecpeeandi sgoseréaddngt ghannel in a5MANMLLe

obvi ous that the above-described preferred epnbodj nent oying the .
wavef or m gerR§ Shown 3¢t PeResitelympeiented hfe“r?eﬂé}'é? e@i SEPEE .

29 and 30 is applicaple to varjety o ur po just like th f d
Enﬁodinenf éﬁﬁi WEF*%éwﬁﬁﬁg?HTntG%xe?gtfﬁﬁpsggfrgn 111 o? F?gPrg-erre

+ For example, the gontrol of .the qr t j.avent | '

- where a nusical t %esﬂgfggF%é ugFﬁ%EQ' QEng%ggﬁggsét3%%%&2%@%F§gﬂwliggfg,

Lrenl o, et caap hpdlhidled 168k fobbifoh Piidbdd e BRORa IS Pilnter

nodul ation peri ot _ e wavef orm nmenory : Thée thus-recorded
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each tone generating instruction. Then, with the control of the present
invention, tEhBstdryi 16 GRikr€dse) s dhemadohmtil avefedi Hfisrence il £
generated fromjust one set of the nodul ation-inparted waveform data, by
al | owi ng t heisalifil ,y aaddenoted at 822, the above-mentioned condition (2-
2) is satisfied, so that the address calculator 302 determines
that the normal (N) process is to be carried out. _In this
normal (N) process, waveform data are read out in the first
cross-fading channél in a manner as shown by a triangle 802
representing a fading-out Waveférm ((a) of.Fig. 35), while
waveform data are read out in the second cross-fading channel
in a manner as shown by an oppositely—oriented triangle 804
representing a fading-in waveform ((b) of Fig 35. 35).
In subsection "compression (C) process", reference
numeral 833 represents a last value of the ideal pointer and
813 represents a 16cation pointed to by the actual pointer.
In this case, because the accumulated difference dif is dif_,
as denoted at 823, the above-mentioned condition (1-1) is
satisfied, so that the address calculator 302 determines that
the compression (C) process is to be carried out. In this
compression (C) process, waveform data are read-put in the
first cross-fading channel in a manner as shown by a triangle

803 representing a fading-out waveform ((a) of Fig. 35), while

waveform data are read out in the second cross-fading channel



pointer to advance at a rate corresponding to a designated pitch while
allowing the virtual read pointer to advance at a rate based on a ratio
betmeen the original nodul ation period and the designated nodul ation
peri od. The control of the present invention 'is also

advant ageously applicable to a situation where a waveform based on a
pitch bend performance on a guitar or thespike, is recorded in the
wavef orm nenory 301. Wth the control of the present invention, a
bend-i nparted waveform having a desired pitch and bend rate can be
reproduced firona jmsnnenecaseshoin bife abe apposidelydonieatedntaiangly 804
controlling the advancing rate of the actual read pointer_in accordance
Wi th a desi reepregenting e cépdingtingvaveiarmahtP hgPfaf29oPS5¢he virtua

read pointer in accordance with a desired bend. rate when readin ut the
bend- i mpart ed wavEeEFReRat 47 rIRFEIRN WAFAr Bm ﬁﬁ%rés'SO iere ar%FLﬁq'fcﬁ’gP,

ol ng por (PHIRE GP<eet G, BF oPRYSHATR=CREp, A8, MERSTare, Femdiale, Myl o
falling por _ | _ _ _
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the virtual read pointer with a sw ng waveform such as a noi se or chaos
wavef orm i tdésotedsbpl 8520 ithpar the ‘sacuatilatelda skd fierdnioe-di fxbacomes
stret ch/ conpressi on nodul ation to a waveformtone color of a PCMtone
generator. Fag. déBBtelowt aB28xarbblec abimsre-mentioned condition (2-1) is
satisfied, so that the address calculator 302 determines that
the stretch (S) process is to be carried out. If the virtual
read address has advanced from the.ideal pointer location 8561
in the preceding reproduction period by an amount denoted by
854, then the accumulated difference dif becomes as denoted
at 855,:the.above-mentioned condition (2-2) is satisfied, so
that the address calculator 302 determines that the normal (N)
process is to be carried out. Further, if the virtual read
address has advanced from the ideal pointer location 851 in
the preceding reproduction period by an amount denoted by 856,
then the accumulated difference dif becomes as denoted at 857,
the above-mentioned condition (1-1) is satisfied, so that the
address calculator 302 determines that the compression (C)
process is to be carried out.
In relation to Fig. 35, the address calculator 302 has
been described as selecting one of the stretch (S) process for
allowing the actual read address to be moved back by one

period of the waveform, the normal (N) process for allowing

the actual read address to advance in the normal manner, and



stretch/conpression ratio is nodul ated with a swing waveform over tine, to
t hereby achieve a tone color variation. Further, by performng the TSC
control using such a swing waveform it is possible to elimnate
nonot onousness due to repetitive readout of the | oopi ng wavef orm segnment
of the waveformdata stored in the waveform nenory 301, as previously set
forth in relation to Fig. 18. Fuct pginore, the TSC control of the
present invention rmay be advantageously applied to a case where a waveform
generated by a slur performance on a wind instrunment, guitar or the |ike
i s stored i nthehecompeéssionent) poocessByfomepldewing tthe Tectusht ad n
readi ng out the slur waveform data, a tinme length of a transfer (slur
time) from caxsdysssito tisummsehene: BRTBEde onIR ol AL ¥9ERATLIYS r e AT HA L
the tone pitches. Mor eover, the TSC égntrol of the gr %sent i nvention
f

may be advAMGKR|FIIFY aPPI PEAONEda TOA MW RAFK, WavdYBP nPEr THO 8& M iance
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Furthernore, where t C contr of the present invention is applied to

a PCM tone ggher i1 3pdiRtS8ANBeteimiAbs\avaheamadetiaiahe too bee reaall cut at
different reproducing pitches, the TSC control can control the respective

tone reprodigi fifet s8Roh@Ngirbsst faliéngquehhnheledah thieherex(tt heepmodunptiasn of
Figs. 16 and 17). -
period; that is, one of the data divisions which has its
start point closest to the ideal pointer location is selected
as the data division to be read out in the second cross-
fading channel in the next reproduction period.

Assuming that the ideal pointer (virtual read address)
in the reproduction period before the preceding one was at
location 902 within area 905, a fading-in waveform region 906
was read out in the second cross-fading channel in the
preceding reproduction period. Thus, "rp"™ is at location 907
in the current reproduction period, and a fadiﬁg—out waveform
region 910 is read out in the first cross-fading channel in
the current reproduction period.

In the preceding reproduction period, the ideal pointer
has advanced over an amount "T2 4 X CRate" up to location
904. At that time, the accumulated difference dif is dif_ ,1
as denoted at 912 and the ideal pointer is within area 906,
so that a fading-in waveform region 911 is read out in the
second cross-fading channel in the current reproduction
period.

This way, in the current reproduction period, cross-fade



Al so, where the TSC control of the present invention is applied to a PCM
tone generator, it can create, froma sane set of plural-cycle waveform
data, a plurality of tone color waveforns having different reproducing
time | engths. Mor eover, by applying the TSC control of the present

i nvention to a PCM tone generator, one set of waveformdata stored in the
wavef orm nenory 301 can be read out w thigps- reproducing tine |ength
variably controlled in accordance with a designated note | ength.

Al t hough a reproducing time | ength based on repetitive readout woul d
result in a spndiesimidst effectedrbetwean the wavefaray epgirnsiferRad (AW TSC
- control of the present invention is capable of varying the tone col I n
t he | oopi ng Mmvdie fhrste gross-£adingr ebpneplnpRdt 'Ehé mlﬁrﬁﬁ%l,orbiyu

appropriately controlling the stretch/c ression ratio. The T trol
S bo. hppl 1%apd GUE Wi 40, SBCoRI,FOSET SHBLBENERAPRaN (iR that th ¥EdS

above- nenti oned. . Accordi th ' [.QN, i Nngw
t echni que negpldbt%eﬁpt 35%1"@3103%54 St%rilé@éggr%%%pﬁé?&;eé%%% ngsalgﬁd'lf"\r;?dual
dat a d|V|S|cighé%*ébF%éné%?§¥QAe?gaggéprn1before being stored into the
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wavef or m merory. reas the preferred
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synthesis even in the nornmal TN) process, the cross-fade synthesis is not

necessary inid hgadRr B8 th) sefeefifction Gutivdd ymapdbesnade greatidre or
foregoing and hence may be omtted. However, Dbecause the aforesaid

control of tdigalseStidn i thendxamplehef ety 0s36 | duie wryirngithe svalden®d
only "apparently” in the normal (N) process, can be arranged to
ungondltlonatimeﬁwxi@rsttémchfcmmpte@ﬁigwnrﬂb%¢SCE#EP{Puﬁpqgﬁﬂing to the

illustrated example, the data division to be read out in the

second cross-fading channel in each of the reproduction

periods may be allowed to freely jump in the forward or
" backward direction.

Fig. 37 is a diagramlshowing an eXample_of control when
time-axis stretch/compression ratio CRate is 1.5 (as in the
readout example 413 of Fig. 31). Reference numeral 1001
represents a manner in which the read address advances in the
first cross-fading channel. The horizontal axis represents
time in which the normal (N) and compression (C) processes are
repeated in this order, one process per reproduction period.
The vertical axis represents address (ADRS), and line 1005
representative of waveform data is drawn along the vertical
axis_to ihdicate an approximate location in data divisions A
to F to be pointed to. Reference numeral 1002 represents a
manner in which the read address advances in the second cross-
fading channel. Reference numeral 1003 fepresents a variation
in value of the read pointer rp, reference numeral 1004

represents a variation in value of the cycle count CC, which



elimnate the need to determ ne, in consideration of contents of a
time-axis stretch/conpression control paraneter, whether or not the
craoss-fade synthesis should be effected. This arrangenent can
significantly sinplify the necessary control and construction.
Furthernore, as previously stated, the nunber of cycles included in each
of the data divisions may be just one arigwo- or nore. Alternatively, the
nunber of cycles may differ from one data division to another.

Mor eover, whereas the preferred enbodi nents have been described above as
control | i ng wareiemlvdncesuch tée manmerl tendcumulativedyr cbrereaser pevery
reproduction period, the address advance control may be executed at

shorter or |reppradudtian vaeriod. A s@he ¢ ggad, eB?bB'E%Fl oP ;ﬁ?‘f"i‘fbce%é'r%

the conparative control of the addresses_is, perfor y be ed to
anot her one S%ﬁ%’c"ﬂtﬁ‘%ep%nﬁ:ep?‘ad&&ﬁaon 6V1§1°WEV 'orﬁ:’a 8%a a,gg as

al t hough the accunul ated differ e is calcul at q§§ﬁ£ bed
pr éf erred erﬂ)‘fﬁiﬁﬁé‘fﬁ r?‘ﬁt?‘i:‘r msg‘ggr?ﬁg ﬁuﬁﬁnﬁrgg egdégetsl%gs%q‘%e vvavéefgrm
menory, it r?% 1%% annel in the manner shown at 1001 1°By- addcz‘.?ibc%tﬁé ed

in terns of Ivistons using the followng equation:

dif =dif + 1-51'@ %‘e‘éfasi)olnter 8nBOPRECEPEDE ESUnPICCESRddress
selected if- [er (1. I f the accunulated difference is greater

than one haldg néaéaécl:@ i&pﬁwuﬁéd:&m Wﬂ‘dééi-)fadlng clidtnel radvednde) i odess
Is selected 7t dif [err] - 0.5 (i.e., if the accunulated difference is
greater tham&neeaiown at 1002 to sequentially point to data divisions
A, C, D and F. Two waveform regions read out using such
addresses are subjected to cross-fade synthesis, and thus a
tone waveform is reproduced at a designated pitch for a
reproducing tome corresponding to four reproduction periods.
Fig. 38 shows an example when time-axis
stretch/compression ratio-CRéte is 1.0 for reproduction-witﬁ
an original reproducing time length, and Fig. 39 shows an
example when'time—axis stretch/compréssion.ratio CRate is 0.75
for reproduction with a stretched reproducing time length. |
It should be obvious that the above-described preferred
embodiment 'employing the waveform generating section 111
arranged in the manner as shown in Figs. 29 and 30 is
applicable to a variety of purposes just like the preferred
embodiment.employihg the waveform generating section 111 of
Fig. 2.
For example, the control of the preseﬁt invention is
applicable to a case where a musical tone performed using a
performance stfle, such as vibrato, tremolo, etc., lis
recorded, for a time length corresponding to one modulation

period, in the waveform memory 301. The thus-recorded



of the reproduction period); and otherw se (i.e., if the accunul ated
difference is snmaller than one half of the reproduction period), the
norsral (N) process is selected. Further, Adif is calculated as follows:

for the stretch (S) process, Adif = CRate; for the normal (N)
process, Adif = CRate - 1; and for the conpression (C) process Adif =
CRate - 2. It is also inportant tojggte that whereas the respective

start points of the individual data divisions are set to be in sane phase
in terms of one kind of phase value (anmplitude value and varying slope) in
t he above- demsiletgl gri-einparted edvafiomnidatat hbee megdbeutein txesponse stare
phase in ternms of two or nore kinds of phase value, in which case one data
di vi si on nayedsh conegenerating Rtpiesonal fhebi it thewganirddaef

di vi si on upon term nation of a correspondin reproduction period.

Further, whetheas priesestef dpVeRtinBodi g havdngkefesdced, | ptiches 4,
fading-in and fadi ng-out mgﬁfforn1q?ta
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correspondi Ng; £ 3PS AP1¥REhGUENEOYEreake’ Feand pofiheeis to amvaricd ait h
above. It is preferred that tinew se variations of the stretch/conpression

control par sisisfe bakedsoni 8 td€io between the original modulation period

and the designated modulation period.

The control of the éresént invention is also
advantageously applicable to a situation where a waveform,
based on a pitch bend performance on a guitar or the like, is
recorded in the waveform memory 301. With the control of the
present invention, a bend-imparted waveform having a desirea
pitch and bend rate can be reproduced from just one set of
the bend-imparted waveform data, by controlling the advancing
rate of the actual read pointer in accordance with a desired
pitch énd controlling the advancing rate of the virtual read
pointer in accordance with a desired bend rate when reading

"out the bend-imparted waveform data from the waveform memory
301.

Further, with the control of the present invention, the
lengths of the rising and falling portions of the waveform
data, representing a start to end of a tone, can be
controlled independently of each other and irrespective of a
reproducing pitch of the tone. Fig. 40A shows exemplary
variations of stretch/compression ratio parameter used to

stretch and compress reproducing times of only rising and



TSC ‘contro

be patternized in that. the patternization easily achieves

desired timewi se variations of the TSC control and permts programm ng
such that the tinme-axis stretch and conpression control is effected for
predeterm ned tone generating period (e.g., optionally-selected parti al
period such as a rising or falling portion of a tone or a whole tone

generating

period). Figs. 41 and 42 shoysgxanpl es of such tinew se

variation patterns of the TSC control paraneter. Specifically, Figs.

41A to 41C
par amet er
where the

generating

show timewi se variation patterns of the - TSC contro
fgliling poattigmed/ conpression ratio CRate) used in the schene

TSC control is carried out ysing t he stretch/conpression ratjo
CRate (nanely, widuether, Thg @mixplliingfh h

eedagiatdom Pt ndhenXKit

section 111 as shown in Figs

. ) 2% and 30&. The sLartiqg oi nt
the horizontZ@ad PRINYES YEER cQRAVLINgf YRVEERLH FHC F&n@Lﬁﬁﬁé*%f?o#%aos
starting point. re specifically. FEig. 41A sho fhe
val'ue of thé”’a‘ﬁé\%’?:’h/’&)ﬂﬁ @?ﬁsd*lreattf’gl@s{g ?s‘y\glrxggfer%t %%e%e%larﬂ;/i ng
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a succeedi ng sustaln portion.

ing this pattern, the TSC control is

execut ed suchitdigth idmpress SNk @tEs 1S NMoRIBSER Svitlyre adveitig twakee £outs

stretch at
ori gi nal

its ~initial portion and then gradually returns to the
ovdi Necie s [ter attherebyri gchdg@eshawstehe ! | calot heramhaiibre.

where the stretch/conpression ratio CRate gradually decreases 10 froma
great val ue Furtheni t byk peorficmmingndtheeiSGecomtaol usingssuahi @ |SWined

In value in a succeedi ng sustain portion.

waveform, it is possible to eliminate monotonousness dﬁe to
repetitive readout of the looping waveform segment of the
waveform data stored in the waveform memory 301, as previously
set forth in relation to Fig. 18.

Furthermore, the TSC control of the present invention
niay be advantageously applied to a case where a waveform
generated by a slur performance on a wind instrument, guitar
or the 1like is stored in the waveform memory 301. By
performing the TSC control in reading out the slur waveform
data, a time length of a transfer (slur time) from one pitch
to another can be controlled freely irrespective of the tone
pitches. |

_ Moreover, the TSC control of the'present invention may

be advantageously applied to a case where a waveform of a

performance tone, accompanied by pre-struck sound (or
ornament), generated by a slur performance on a stringed
instrument, wind -instrument or the 1like is stored in the
waveform memory 301. By performing the TSC control in reading

out the waveform data, a time length of the pre-struck sound

a

of

ue
n



Using this pattern, the TSC control is executed such that the

generated tone presents a greatest tine-axis conpression at Its
initial portion and then gradually returns to the original 15 tinme-axis

| ocati ons. Figs. 41D to 41F show ti mewi se variation patterns of
t he TSC control parameter (i.e., virtual read address VAD) used

in the schene where the TSC control is-cgaggied out using the vi rtual
read address VAD (nanely, where the TSC control is 20 carried out using

t he wavef orm generating section 111 as shown in Fig. 2). Exanples of
Figs. 41D, 4kn sl ctiirrokled nixzespective ofictheobenecRtEfBed exanpl es of
Figs. 41A. 41B and 41C, respectively, except that the virtual rea
address VAD i s usBgrthermeme; havhexe cdhe ofSEar ARtEPL 95 the present, o
preferable that the tipmew se variation atterns of t-he TSC
control  panwaitigion ¥§ appliedgtoecRFlo PSSQFBﬁrPEPFOaEﬂaFE%ﬂﬁ%H%%%al
foad addr eSS ave form sl Hrd 'wd 'k Had Bl G RY AU bl MlcAing
where tinmew s rJatj e t V] r a

prestored ad Jﬁh&?%ée’ ekg{%pplgésé OF BEE?E:]% . QgﬁnD, b%%ggg%dqﬁ%ﬁ gtgﬁgééﬁlﬁgaﬁfﬁead
address cal ﬂd%iuc' MYmee PERGRIST to0 Bl ldgulall atbi EadHInethes ofthde
virtual read address VAD read out fromthe table by "pitch informtion”
rather than sesmgndatoNIride. "Potahdi DFprmation” at a sanpling frequency.
It should be obvious that tinew se variation patterns of

st ret ch/ conpr essi Absé At wheBERELE TSC 23onteyl bef pries tpreskenin irneengiorriss
shown in Figs. 41A, 41B and 41C, instead of the tinew se variation
patterns of apmliedttmla PEMdtaudr gepevAbObe A ¢iane ceats, efiZO@ iFANGe

manners shown in Figs. 41D, 41E and_ 41F. .
set of plural-cycle waveform data, a plurality of tone color

waveforms having different reproducing time lengths.

Moreover, by applying the TSC control of the present
invention to a PCM tone generator, one set of waveform data
stored in the waveform memory 301 can be read out with its
reproducing time length variably controlled in accordance with
a designated note length.

Although a reproducing time length based on repetitive
readout would result in a monotonous tone color in the looping
waveform segment, the TSC control of'the present invention is
capable of varying the tone color in the looping waveform
segment to thereby eliminate the monotonous, by appropriately
controlling the stretch/compression ratio. The TSC control
can be applied to a variety of applications other than the
above-mentioned.

According to the present invention, a resampling
technique may be used to previously process respective sizes
of individual data divisions of a plural-cycle waveform before

being stored into the waveform memory. Whereas the preferred



Fig. 42 shows various exanples where tinmew se variation patterns of the
TSC control paranmeter simlar to those of Fig. 41 are generated generally
| i ke broken-line graphs using an arithnmetic operator such as an

envel ope generator. Specifically, Figs. 42A to 42F show exanpl es where
timewi se variation patterns of the TSC control paraneter, simlar to
those of Figs. 41A to 41F are created_bysyeal tine arithnetic operations,
i nstead of using a table or nenory. - The exanples shown in Figs. 41
and 42 are just for illustrative purposes, and various other patterns than
the illust reabestimemts dwavenbesn ciescribed mhave s ATTYENG Ok iQSS
creat ed. Further, Figs. 43A and 43B show exanpl es of tone col or
control usi pdenswafthesdis even da Fhei pereal pthl) PFRCFS ( Hde PROSHMRAdR
parameter as shown in Figs. 41 and 42, eagch %howi ng an e>§\F)rrpI ary
arrangement S¥nthesif r 48 |RPHr MECEFFary in the normal (N) "process as

162 - tabl di t or . . £ Ei g
334 shovs. arPRARHITLY oRngare50ed R ofPEniSTrRac Uiy cEPPeaies naoY, K e
ol A . the T | ' 14Sidih i veyef
Generat | ng ARTTEREL 1 HOeRSE, " ldalsd S5 [ fecpte bt ored TOET R
swavef of m A3l LA thyertidin! GRAFEIASss WPUES UyRIHISTS 1kCeREELENIdHLY

i nformati on te varl ation I s designated as
TSC-control - PETPAL LR RhEPSBIrMEINY N) NpL6E@Es ONcan Thies araringsd to

I nformation table also includes various setting information such as tone
vol ume envel gitord Rion®l 1y gerfaiwriia ctross-fadeesynthesiaband - blews i cared
"CRate variation 2" specifies a predeterm ned one of the tinew se
vari ati ons sdbimminatditise ntbd tto deCeamdnBi,gin aomsidenation of contents
of a time-axis stretch/compression control parameter, whether
or not the cross-fade synthesis should be effected. This
arrangement can significantly simplify the necessary control
and construction. |
Furthermore, as previously stated, the number of cycles
included in each of the data divisions may be just one or two
or more. Alternatively, the number of cycles may differ from
one data division to another. |
Moreover, whereas the preférred embodiments have.been
described above as controlling thé advances of the virtual and
actual addresses every reproduction period, the address
advance control may be executed at shorter or longer
intervals. Also, the reproduction period where the
comparative control of the addresses is performed may be
changed to another one in the course of reproduction of a
waveform.
Also, although the accumulated difference is calculated,

'in the above-described preferred embodiments, in terms of the

number of addresses in the waveform memory, it may be



Nanely, according to this exanple, plural-cycle waveformdata of "waveform
data file 1" are designated and read out from the waveform nenory 301
(Fig. 30) as a tone waveform corresponding to tone color nane "A", and the
TSC control is carried out in a tinme-varying fashion according to "CRate
variation 2" to thereby create a desired waveform In sone application,
anot her formof CRate variation than "CRagg -variation 2" nmay be designated
while the same "waveformdata file 1" is designated. Nanely, according to
this exanple, it is possible to provide an increased_ nunber of variations
of tone colaaldulatsddrnditerasent tbenpusberraf data | divEalons (WSingithe t he
sane data file. Fig. 43B shows an exanple of various contro

i nf or mat i on fXGQWIND RAYREEI 1t one col or nane "B". Here, the TSC contro
is-carried out using the \_I\?VEf or eperating section 111 as

- 163 - shown ¢ i 0. 91 Actorqm‘ﬁ‘gpto this exanple, "waveformdata file
2" is desigﬁeteq as waveformdata-file specifying information and "VAD
variation 3% g iiﬁﬁﬁed as TSC- control-paraneter-pattern specifying

nformation.  chdNoSmpfQBLISH (BYOREBEESE LgPliialdted ol Udese VA oL

setting information sSuch as tone me envel ope (EG setting

i nformation. 4 Here, ¢ hgAhoemiARitcanad Fr¥ABn¥ar i3t fp8aer CREEIdne hal £
predetern1ned'one of the timew se variations shown in Figs. 41D to 41F and

Figs. 42D t @fi2he NoeodudELon dpagiodp; t hi s exanple, plural-cycle waveform
data of "waveformdata file 2" are designated and read out fromthe

- waveform nenory #Re(Etgetdh 4S)a provessavis cselected@spbndidif 13 t ond ol or
nane "B", and the TSC control is carried out in a time- varying fashion
accordi ng t of1\AD ek ithte ecclinulatededdifference is greater than one half

of the reproduction period); and

otherwise (i.e., 1if the accumulated difference is'
smaller than one half of the reproduction period), the normal
(N) process is selected.

Further, Adif is calculated as follows:

for the stretch (S) process, Adif = CRate;

for the normal (N) process, Adif = CRate - 1; and

for the compression (C) process Adif = CRate - 2.

It is also important to note that whereas the respective
start points of the individual data divisions are set to be
in same phase in terms of one kind of phase value (amplitude
value and varying slope) in the above-described preferred
embodiments, they may be set to be in same phase in terms of
two or more kinds of phase value, in which case one data
division maj be connected at any one phase-value point to
another data division upon termination of a corresponding
reproduction period.

~ Further, whereas the preferred embodiments - have been

described as using fading-in and fading-out waveform data



create a desired waveform In this case as well, another formof VAD
variation than "VAD variation 3" may be designated while the sane
"waveformdata file 2" is designated. Nanely, according to this exanple,
it is possible to provide an increased nunber of variations of tone color
by using different forns of VAD variation while using the sane data file.
[ TSC Control Using Software Tone Generat 9gd - Whereas the tone
generator unit 103 including the waveformgenerating section 111, in the
preferred enbodi nents, has been described as being inplenmented by

dedi cat ed harelyiors fixedlyy ibecropsefiede arithesis wihe two wavegemn data

this end, a software system so to speak a "TSC control program, is built
in such a naregions mashiheyaised alternately as the fading-in and ﬁaqugt

desired one of the various forms of the TSC control of the present
i nventi on h@Whgraeefray Jara JRIIPBRd in relation to Figs. 2 to 43, and

pl q_ral-cycle eformdata are stored in, menory. .Jhen, thro Welg!
of "t he thus-b\llj\ﬁ/lfagfﬁ‘fr\?\?a’r%tlg?s %&Wéﬁﬁt;v(; yjp?%’g?% ot%Jt’ hggg\/avei o@n‘#]gata
are read outpagrom tr menory in a manner based on the above-descri bed TSC
.control . . a’?—?‘be 4 is a block diagram show ng an exanpl e of an

overal |l hardware ﬁ%&ﬁ%ﬁt @R Qi o¥§¢ LBnthelt %%bq%]eeai-%bﬁ?a%%ﬂk Ofh

conput er software. rdware configuration may e inplenmented using a

personal conpuinse to rddl-itithd pe¥Fordictide! BPEraeRBhadbL may e Presdit)
(Central Processing Unit) 31 of a personal conmputer is enployed as a nain

control unitin Wordespomdihgredatéonsned vaiSduntionel coporgrand dfifects,
perform ng TSC control simlar to that perfornmed
as set forth above. It is preferred that timewise variations
of the stretch/compression control parameter for use in the
TSC control be patternized in that the patternization easily
achieves desired timewise variations of the TSC control and
permits programming such that the time-axis stretch and
compression control is effected for a predetermined tone
generating period' (e.g., optionally-selected partial period
such as a rising or fal.ling portion of a tone or a whole tone
generating period). Figs. 41 and 42 show examples of such
timewise variation patterns of the TSC control parameter.
Specifically, Figs. 41A to 41C show time_wise variation
patterns of the TSC control pérameter (i.e., '
stretch/compression ratiol CRate) used in the scheme where the
TSC control is carried out using the stretch/compression ratio
CRate (namely, where the TSC control is carried out using the
waveform generating section 111 as shown in Figs. 29 and 30).
'The starting point of the horizontal time axis represents, for
example a tone-generation starting point. More specifically,

Fig. 41A shows an example where the value of the

stretch/compression ratio CRate is fixed rather than varying



by the tome—generator—unit-103 of Fig. 1. Wien necessary, the CPU 31 is
capabl e of executing any other prograns, including one simlar to the

pr ocessi ﬂb‘sﬂbmm‘iﬁﬁﬁ’%d by the control unit 102 of Fig. 1,

concurrent] | C control program To the CPUJ: .

connect ed, d address bus 44, various conponeni jﬁ'@ﬁ?ﬁ%ﬁ‘é‘g BEEN
a.n v/ O

ROM (Read Only Menory) 32, a RAM (Randoggédccess Menory) 33
(I nput/Qutput device) 34, a tiner 35, a nouse 36, a keyboard 37, a display
38, a hard disk 39, a DVAC (Direct Menory Access Controller.): 40, a sound
|/ O 41, a saowex ngimleock g¥rgrat 4iBci sbaws 4znother exexample nufhaie drthe 43
and a MDl interface 48. The sound |/0O 41 is an sound i nput/out put
devi ce cal | estretch/compression ratio CRate graduall%5incregs épmv\m ch

contai ns an anal og-to-digital converter (ADC), . .an input FlEO

(First-| 3 Fi%llaétYaBHPferl“corﬁféct gttegkin oﬁﬁéol’anagré‘au oﬁF’ﬁU‘t HSIGIER £ er
connected with a digjtal -to- [, t . , i '

i _st‘ﬁ uppl |h ed %Hq%f‘%a%“g’eéflle‘% r%’%ﬁ&%"?ﬁé‘%?ku %L%@%%%%fg%@%&#de&%@nal
Wi In the ound _l i i i i Chi

repr esent at il?ﬁ%rl'% talt{cic%oi#atrﬁggq{ Wiet anq%mk);? ?gétgﬁégsggﬁ%%‘g%téﬁgt%%&hgm@é the

predeterm n ’?&%‘9 ) d th el B® i sS aFe Hwckks
gener at or cﬁjec%élt 4 .Cé{oérﬁegfggéﬁjtégﬁt% %/%%Srtéggn\il:gr ?eg aﬁdi 0 sitg%al ?s t hen
fed to the ifputidd FELPULER andAH GrsdwdlVl ¥laiétusndr eserthe rotiwinaiput
FIFO buffer, the sound I/0O 41 operates to feed a recording-process
requesting simgsadxzi® 166abhis40. Fiy.r espmnshows shilleamothey mExuure
requesting signal, the DVAC 40 reads out the waveformdata fromthe input
buffer and stlems the stredtohicompresaiond zakio GRatargradeakhly JreERISe uch

as the RAM 33, by way of the : :
from a great value in an attack portion and then becomes

substantially fixed in value in a succeeding sustain portion.
Using this pattern, the TSC control is executed such that the
generated tone presents a greatest time-axis compression at
its initial portion and theh.gradually returns to the original
time-axis locations.

Figs. 41D to 41F show timewise variation patterns of the
TSC control parameter (i.e., virtual read address VAD) used
in the scheme where the TSC control is carried out using the
virtual read address VAD (namely, where the TSC control is
carried out using the waveform generating section 111 as shown
in Fig. 2). Examples of Figs. 41D, 41E and 41D are similar
to the above-described examples of of Figs. 41A,'41B and 41C,
respectively, except that the virtual read address VAD is used
as the TSC.control parameter.

It is most preferable that the timewise variation
patterns of the TSC control parameter (i.e.,
stretch/compression ratio CRate or virtual read address VAD)

as shown in Fig. 41 may be prestored in a: table format in




bus 44. The waveformdata thus stored in the RAM 33 are then subjected to
prelimnary operations, as earlier described, so that they can be adjusted
to be appropriately read out in accordance with the TSC control and
divided into a plurality of data divisions for nmanagenent purposes. A
nunber of sets of such waveformdata may be prestored in the hard disk 39.
Thus, in this enbodi ment, the ROM 32, RAMgg3-or hard disk 39 corresponds
to the waveformmenory 10 of Fig. 2 or the waveformnenory 301 of Fig.

301. The "TSC control progrant nmay be prestored in any of the ROM
32, RAM 33 adenirryl diNdt&89that where timewhse Ivawadtmg paditexnss ofs e as
a fI oppy di sk, CD- RQV

(Conpact Di skiremil Gréad Mddress JAIMBIeRARI ORI |ét§a|1n d'rl&)exqwlree?r&ﬁam y
attached to the external nenory drive 43, and the al ne dr| ve 43
wites and dokgsdA¥Pi &hﬁdan‘ﬁréﬁﬁ h&hg; virkuals & ar‘ﬁ] %

o Gar ant ok hdies) RS, PERERGRS, FEU PR AIB AT R SRS LERRTELPR Bhr i narel
sequence data Furth th b

a_cormuni cat’f%?ld nRIHER | VAR %g%gneﬁg? Enggfﬂso t%te@am)ér ocd ng&ﬂ ‘e
TSC control ;. DEQA QY on © Y 49H: Vaﬁ@c@ﬁ%@"atlﬁﬁvﬁﬂér%ﬂ@éﬁ il fpmdtion"

ext er nal server corrputer (not sho and storeS theminto the RAM 33,

hard di sk 390rs exddgah g £R5QUShEN, Nerlt WAGBLd be obvitus KAl Eboeut s
the "TSC control progra stored in, for exanple, the RAM 33, to perform

the TSC contyfti@Eidm paeeeﬁda@vef Cetues tdie Comprskiston scatio tSER elFig eddl) out
TSC- controlled waveform data fromthe waveform nmenory 32, 33 or
may be prestored in the manners shown in Figs. 41A, 41B and -
41C, instead of the timewise variation patterns of the virtual
read address VAD being directly prestored in the manners shown
in Figs. 41D, 41E and 41F.

Fig. 42 shows various examples where timewise variation
patterns of the TSC control parameter similar to those of Fig.
41 are generated generally like broken-line graphs using an
arithmetic operatof .such as an envelope (generator.
Specifically, Figs. 42A to 42F show examples where timewise
variation patterns of the TSC control parameter, eimilar to
those of Figs. 41A to 41F are created by real time arithmetic
operations, instead of using a table'or memory.

The examples shown in Figs. 41 and 42 are just for
illustrative purposes, and various other patterns than the
illustrated examples may of course be prestored or
arithmetically created.

Further, Figs. 43A and 43B show examples of tone color
control using any of the timewise variation patterns of the
TSC control parameter as shown in Figs. 41 and 42, each

showing an exemplary arrangement of a control information



39. Then, the CPU 31 tenporarily wites the read-out waveform data into an
out put buffer within the RAM 33. In synchronism wth reproduction sanpling
cl ock pulses fromthe sound I/0O 41, the DVAC 40 reads out sanples of the
TSC-control | ed waveform data, one sanple per clock pulse, fromthe output
buffer in accordance with the conventional direct nenory access schene

and feeds the sanples to the sound I/0O_44g2 In turn, the sound I/0O 41
tenporarily wites the TSC-controlled waveform data into the output FIFO
buffer provided therein, fromwhich the waveformdata are given to the DAC
for D/ A conwsitslieorcorrésporaiing ara D/ o nwekerd wavef orm data are then
audi bl y - 167 - r epr oduced thnoqu
the sound systemMdre specificaklyy sBignpbia Shows appexanpie 49 wa1to
functions of the tone generator unit 103 need not necessarily be .,

ihrrEI e(rjrent ed aantnal stnfaEmatione GRERGSRBIAING (tAnFOBE HeRNgs & -
ybrid type that conprises a conbinajion of saftware and h

gererators. HEXR, | kBLAntSC CRRTRQt et HF mCRET: e%r eRW6utFH ?ﬁ%vﬁ‘;/aave% or m

menory accor di n%’éi?#ﬁ%? ;88?&3‘1' asna%hg‘gne{gc% ) t:ﬂ;pUQ%%% YRG° to

processi ng, &t ade synthesi s may De execute edicat ed

hardware cipeilitidamnie, MR datyenh98 agnhass begssdnsatédeds hus
far affords a varle%)Po% advant ageous results as set forth bel ow

Wien appl i eqgd b florfltea GE0E] Al Fpcka$9d ngni MBYAHAE IoN @ind " CRadeWaFiatian

wavef orm nenory, the present invention can perform optional variable
control of tie patdedfpuotdd rés ersc{idretyo bshrsdmatdaeoitsEnn ppdarfying

control for optionally stretching and conpressing the waveformdata al ong
a time axis infolepetittent | y Thiist onteaaiouinfarrationstablei wilised danekpdes
various setting information such as tone volume envelope (EG)
setting information. Here, the above-mentioned "CRate
variation 2" specifies a predetermined one of the timewise
variations shown in Figs. 41A to 41C and Figs. 42A to 42cC.
.Namely, according.to this exémple, plural-cycle waveform data
of "waveform data file 1" are designated and read out from
the waveform memory 301 (Fig. 30) as a tone waveform
corresponding to tone color name "A", and the TSC control is
carried out in a time-varying fashion according to "CRate
variation 2" to thereby create a desired waveform. In some
application, another form of CRate variation than "CRate
variation 2" may be designated while the same "waveform data
file 1" is designated. Namely, according to this example, it
is possible to provide an increased number of variations of
tone color by using different forms of CRate variation while
using the same data file.
Fig. 43B shows an example of various control information
corresponding to.tone color name "B". Here, the TSC control

is carried out using the waveform generating section 111 as



one independent tone control factor, the control for stretching and
conpressing the waveformdata in the tine axis direction, .the present

i nv.ention achi eves the superior benefit that it can inpart expression to a
tone to be generated and effectively enhance expression and
controllability of the tone, even with a sinple structure that can
effectively save limted nenory capacityghy-allow ng a sane set of stored
waveform data to be shared for a plurality of different tone pitches.
Further, when applied to the case where high-quality

- 168 -  wabefwr mrdcfigof2a phoearding| sowkhdsorHRBBLee s p¥RYETeI dafa
optional performance style, such as those with nodulation_like a .vibrato
or trenol o, fidsse 2 t Hepi dasignated | @6 | wavefogm-datasdid e § ¥t
transient pitch fluctuation like a transient_tone or onnag%nh, aretﬁﬁgjed

in a wavef orifRImALON oapdat " VAR o YATIAYIGR oducef b PSPt ot t He
stored waveform data, the present invention.ca er af.L.ol f Ol s
stret chi ng &RP TQﬂﬁﬁWﬁfékﬁﬁﬁﬁjeﬁ?maf?%ﬁ%f¥&£§ﬁei&gég#§?%§hdata atgﬁb a
time axis i ndependent,l f co l. o e m a Iaf e
(pitch cont (B oqt he %@%&aé{}%&’ {E %%g')e. Bi\éga %%@%ﬁégét h‘g%)%ﬁsin%tvlen I on

can provide gyedife i S SR04 Al PAHE! YoRimetn ciilidgenal(doye sty
e optio p

parameter for t nal performance style, thus achieving suitable tone

generati on ayylrdSRee Lo r Olud1, t BRe ORIV MmentdhedTEVAD Strairdattibh 3"
enhanced expression and controllability "that have never been achieved to

dat e. dpEd el e® e préfeperhtnedngne hef dhet tbmewibsesvarizbions shawn

conpressing readout |ocations in a desired portion (whole or part) of the

wavef or m datin a@'igsy. t4%D ttoeibikiand Figs. 42D to 42F. Namely, according
to this example, plural-cycle waveform data of "waveform data
file 2" are designated and read out from the waveform memory
10 (Fig. 2) as a tone waveform corresponding to tone color
name "B", and the TSC control is carried out in a time-
varying fashion according to "VAD variation 3" to thereby
create a desiréd waveform. In this case as well, another
form of VAD variation than "VAD variation 3" may be designated
while the same "waveform data file 2" is designated. Namely,
according to this example, it is possible to provide an
increased number of variations of tone color by using
different forms of VAD.variation while using the same data
file.

[TSC Control Using Software Tone Generator]

Whereas the tone generator unit 103 including the
waveform generating section 111, in the preferred embodiments,
has been described as beihg implemented by dedicated hardware,
it may be implemented by software.

Namely, to this end, a software system, so to speak a

"pSC control program", is built in such a manner to achieve



i ndependently of the control of the waveform data readout rate (pitch
control of the generated tone) to thereby optionally control a

t one-reproduci ng or tone-generating tine length of the desired port.ion,
the present invention achieves a variety of variations of a tone waveform
SO as to permt tone generation and tone control w th enhanced expression
and controllability that have never beegggchi eved to date. For exanple,
the present invention can freely performvariable control of a
tone-generating tinme length of a rising portion,

- 169 - falddingd e oof otheheariiloasofformge s athel THSRecantirel of the
mai ntaining the tone at a desired pitch. Also, by variably controlling the
entire tine gt dnvensigmbexniag besa @i far deseribednip tfRlattiRn 4 a
desired pitch, the present invention_ can_freely control the tone

generating th¥asd chgt® 43, abdf BLHFR}-F¥Che ¥avEiarad 9akae e fTP 5 i
i ke. By selectively generatjng tine-axis_stretchi nglcqQmpressi.n
control infdiSRAEHN of et | F’é’-“?‘e\gbi ggefgﬁ?'ﬁf}t ofi %ﬁﬁcqﬁwsqgé‘&g&dasr?cfetv%ﬁ%
i nf ormati on desi gnat | a tone color or,t || i nt |
achi eves a \Féﬁfﬁq@/a@&ga‘?‘?%?f%h;pmcﬁraé{ l’o@%%éé%oﬁgﬁoﬁﬁgﬁ\%iﬂ%ﬁl _odt e
desi gnat ed a0, GOl merlry "h |d ifaritilh HIRMEPYorf [t Gbdv-eledied 78T
axis control’” " a varlé%y wavef orm vari ations from waveform data of just
one plural - ygl&yevef orm Moreover, in the case where waveform data
of a same wavetormportion are read out in a repetitive or |ooped manner
froma wavef or m neig!y 44t hiss paepldick Nypdgram shbweNgs an examply off an
variations of a tone waveformand can mnimze or effectively elimmnate
mMonot onous nasger£El IHd rdydre mdrifi guraitidon empdoyed bp peeftong genegrator

control for stretching and ]
: based on computer software. The hardware configuration may

be implemented using a personal computer.

In the illustrated tone generator system, a CPU (Central
Processing Unit) 31 of a personal computer is employed as a
main control unit, which runs a predetermined "TSC control
program” for performing TSC control similar to that performed
by the tone generator unit 103 of-Fig. 1. When necessary,
the CPU 31 is capable of executing any other programs,
including one similar to the processing program executed by
the control unit 102 of Fig. 1, concurrently with the TSC
control program.

To the CPU 31 are connected, via a data and address bus
44, various components, such as a ROM (Read Only Memory) 32,
a RAM (Random Access Memory) 33, a network I/0 (Input/Output
device) 34, a timer 35, a mouse 36, a keyboard 37, a display
38, a hard disk 39, a DMAC (Direct Memory Access Controller)
40, a sound I/0 41, a sampling clock generator circuit 42, an
external memory drive 43 and a MIDI interface 48.

The sound I/O 41 is an sound input/output device called



conpressing readout | ocations of a desired portion of the waveform data
along the tine axis to thereby optionally control a tone-generating tine
I ength of the desired portion. In addition, the present invention

- achieves a variety of variations of a tone waveform by performng the
control for stretching and conpressing readout |ocations of a desired
portion of waveformdata along the tins ag86s-to thereby inpart positive
control, such as a swing, to a tone to be generated.

- 170 - Mor eover, even in the course of reproduction of a t I
wavef orm  teh€ODECaswhich aortiaing anapale@-tordigital cqvertay a‘?"I g:r?s' of

a tone waveformthrough real-tine control, b f ' h I
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time, the set" to use ot her = set. Al so, the present invention
achi eves tingsgd S1pbr Aich wABHe C Y 6SEHNMIL C 8t rcdnvdrtedr dntde fgirtal
snoot h waveform variation by perform ng cross-fade synthesis during the
control. repraldieitine, in hddordase widhe sampéfiogncliack pulsesons off o
be cross-faded sequentially change, the present invention is arranged to

fix the cro&s-b&éﬁa@e&hﬁdieﬂg-fm@mcﬁmdi(mggout)48W¥écg%}eﬂa¢@ach¥ofthﬁ1e
cross-fadi ng channels so that a
sampling clock generator circuit 42. The resultant A/D-

converted audio signal is then fed to the input FIFO buffer.
As long as any data is present in the input FIFO buffer, the
sound I/0 41 operates to feed a recording-process requesting
signal to the DMAC 40. In response to the recording-process
requesting signal, the DMAC 40 reads out the waveform data
from the input buffer and stores the read-out waveform data
into an internal memory, such as the RAM 33, by way of the
bus 44. The waveform data thus stored in the RAM_33 are then
subjected to preliminary operations, as eaflier described, so
that they can be adjusted to be appropriately read out in
accordance with the TSC control and divided into a plurality
of data divisions for management purposes. A number of séts
of such waveform data may be prestored in the hard disk 39.
Thus, in this embodiment, the ROM 32, RAM 33 or hard disk 39
corresponds to the waveform memory 10 of Fig. 2 or the
waveform memory 301 of Fig. 301.

The "TSC control program" may be prestored in any of the
ROM 32, RAM 33 or hard disk 39.

An external recording medium 46, such as a floppy disk,



transfer always occurs fromthe waveformdata of the first cross-fading
channel to the waveform data of the second cross- fading channel. Wth
this arrangenent, it is possible to fix a functional waveform of
cross-fading coefficient for each of the cross-fading channels and thereby

facilitate formation of the functional waveform Finally, even when
no fime-axis stretch or conpression - 166 - -
171 - is to be carried out, the present inventionis arranged to perform

cross-fade synthesis between sane waveformdata read out two cross-fading
‘channel s to €PeR@My( CEFPW'G l&%lmﬁ%aﬁ@nldf Memexyax PE ¥Pr e¥agneto Opieasi on

of the waveform dat a. is manner, the present invention §erforns he

cross-fade SiFkhests E&mQﬂﬂb¥¥r%f?ﬁﬁ“?dwﬁﬁb§P€nFF§ern§§ mepazry| driyeed
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simplify t necessary control and construction.
1. A tone gegRéAt prageaiisCe WelfB¥drw "data and/or automatic performance

sequence data.

Further, the tone generator system may be connected to
a communication network wvia the network I/0 34 so that it
receives the "TSC control program", other programs and/or
waveform data from én external server computer (not shown) and
stores them into the RAM 33, hard disk 39 or external
recording medium 46.

The CPU 31 executes the "TSC control progrém“, stored
in, for example, the RAM 33, to perform the TSC control as in
the above-described embodiments, to thereby read out TSC-
controlled waveform data from the waveform memory 32, 33 or
39. Then, the CPU 31 temporarily writes the read-out waveform
data into an output buffer within the RAM 33. In synchronism
with reproduction sampling clock pulses from the sound I/0 41,
the DMAC 40 reads out samples of the TSC-controlled waveform
data, one sample per clock pulse, from the output buffer in
accordance with the conventional.direct memory access scheme
and feeds the samples to thé sound I/0 41. In turn, the
sound I/0 41 temporarily writes the TSC-controlled waveform
data into the output FIFO buffer provided therein, from which
the waveform data are given to the DAC for D/A conQersion.

The resultant D/A-converted waveform data are then audibly



a waveform nmenory having stored therein waveform data of a

plural -cycle waveform 5 " a pitch designating section that designates
a pttch of a tone to be generated; a control information
generating section that generates control information specifying, in a
time function, an address | ocation of the waveform data to be read out
fromsaid 10 waveform nenory; - 13% address generating section that
generates a read address advancing at a rate corresponding to the
pitch designated by said pitch designating section: a
control unitrépabdueédsthroaghatheosohaiwegsteined715 address |ocation
specified by the control information and a | ocation of the read

addr ess gener at edIbyisapdseddmportant tgemerte ithptsexlld orhewntunobiens sofo
shift the read address in accordance with a result of the co arlson
and the steReongEREraterds usdt t AO3aneest mnk a IEﬁFEEEﬁ%a beo
of the read address coptrolled by said control unit A tone
generatl ng dEAP %m%@t?gd?x A ﬁ°€¢&’?ﬁ?1tﬂﬂ%r%‘?‘?'ferat°rﬁ{’él WQVePGr"?‘FFH%‘P%ed
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read address generated by said address genérating seCtion exceeded

a predet er mmgy bdldiecited tfdug soFtwatel prdckBeing, whead BHEresssHy an
anount corresponding to one or nore of the 5 data divisions.
fade synthesis may be executed by dedicated hardware

circuitry.
The present invention ‘as has been described thus far
affords a variety of advantageous results as set forth below.
When applied to a tone generator based on waveforfn data
readout from a waveform memory, the present invention can
perform optional variable control of the data readout rate
(pitch) and simultaneously perform control for optionally
- stretching and compressing the waveform data along a time axis
independently of the readout rate. .Thus, by introducing, as
oné independent tone control factor, +the control for
stretching and compressing the waveform data in the time axis
direction, the present invention achieves the superior benefit
that it can impart expression to a tone to be generated and
effectively enhance expression and controllability of the
tone, even with a simple structure that can effectively save
limited memory capacity by allowing a same set of stored
waveform data to be shared for a plurality' of differént tone
pitches. |

Further, when applied to the case where high-quality



3. A tone generating device as recited in claiml or 2 whi ch further

conprises a cross-fading section that, when a shift of the read
address is to be carried out by said control unit, perforns

cross-fade synthesis between the 10 waveformread out from said waveform
menory on the basis of the read address generated before the shift and
t he wavef orm read out from said wavafggr m menory on the basis of the
read address generated after the shift. 4. A tone generating
device conprising: 15 a waveform nenory having stored therein )
wavef or m datwawvéform datalof ah-pleral veyeliervavelory corrrppendbpg etd can

| nparted t heret o; a pitch designating section that

desi gnat es aoptierabiperformange stylse 5Eﬁbr%ﬁ dehoseyith m°d'al§EéPPoh1]’E‘hat
2Coniron o AL BreRe1s FRFEerch wboh it TR e
di te | ocat f th data.to.b £

waver o m merBFSRah ANGaR B ofTAnpLede " RaFER., FlugRbatiBR iﬁ%d,aby
sai d control UniL)ontO%tbfe or o%é%?éﬁtéed a%e SIS Si%d %}ﬁ?&%ﬂﬂﬁ&%h

t he control

i nformation;ggndhat a tond HEAUAMSRSIEEN i dhehely it f AL SBldrea

wavef or m menory the wavef or ata at the”l ocationS designated by sa
control unityayeformt@ats) fﬂ&@%\ﬂéé&{: O hvAen £ bis el pared Bl coPtiyl Seh#

pitch designating section. . A tone generating device conprising:

stretching and compressing readout locations of the waveform
data along a time axis independently of the control of the
waveform data readout rate (pitch control of the generated
tone). As a result, the present invention can provide a
time-axis control parameter as an additional tone control
parameter for the optional performance style, thus achieving
suitable tone generation and tone control for the optional
performance style with enhanced expression and controllability
that have never been achieved to date.

Furthermore, by performing the control for stretching
and compressing readout locations in a desired portion (whole
or part) of the waveform data along the time axis
independently of the control of the waveform data readout rate
.(pitch control of the generated tone) to thereby optionally
control a tone-reproducing or tone-generating time length of
the desired portion, the present invention achieves a variety
of variations of a tone waveform so as to permit tone
generation and tone control with enhanced expréssion and
controllability that have never been achieved to date. For
example, the present.invention can freely perform variable

control of a tone-generating time length of a rising portion,



a waveform nmenory having stored therein waveform data of a

pl ural -cycle waveform 10 a pitch designating section that
destgnates a pitch of - a tone to be generated: a section
that generates control information in correspondence with a
_predeterm ned portion of the waveform data to be repetitively read out
fromsaid wavef orm nenory; 15 a cqrfgr ol unit that designates, in
response to passage of time, discrete |ocations of the waveform data
to be read out fromsaid waveformnenory with a tinme axis of the

wavef or m dat fatbiuhg olpaackidyy wat d thent Lbkeurnf, & ogeaeratedst tehehewhile
conpressed- in accordance with the control 20. information; and

a readout sem@inbainimgrthestone alte anvdestioed gutteh.r oAlso, ki viankakivr m
merfory at a rate corresponding to the pitch designated by said pitch
desi gnat i ng eeetrehlingcrhe enfae time lengphkthenopegrpded saneswhblee
read out repetitively, said 25 readout,K section reads out the vef orm

| wa
data at the T3tatabping thejdane, atea Igsized Ridih-othgnPregent inyeption

di he desi i h. . , .
COITESPON "Gah® sreelyl® CERAEE! SheiLtRle (gRpeFatigy time length. iB.
havi j d ' 9 | f
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gener at ed, By sel%cﬁ:ﬁ%l‘iﬁgéﬂ;@{'agw RAes axd ! £ Ole t A MMIPLOMBr &EE VS

wWith tine; a control~unit thal designates, In response to pasSage

' control information of a time-varying characteristic in
accordance with information designating a tone color or the
like, the present invention achieves a variety of variations
of a tone waveform corresponding to the designated tone color
or the like and thereby create, through the time axis control,
a variety of waveform variations from waveform data of just
one blural-cycle waveform.

Moreover, in the case where waveform data of a same
waveform portion are read out in a repetifive or looped manner
from a waveform memory, the present invention achieves a
‘variety of variations of a tone waveform and can ﬁinimize or
effectively eliminate monotonousness resulting from the looped
readout, by performing the control for stretching and
compressing readout locations of'a desired portion of the
waveform data along the time axis to thereby optionally
control_a tone~generating time length.of the desired portion.
In addition, the present invention achieves a variety of

variations of a tone waveform, by performing the control for
stretching and compressing readout locations of a desired
portion of waveform data along the time axis to thereby impart

positive control, such as a swing, to a tone to be generated.



of time, discrete |ocations of the waveformdata to be read 10 out from
said waveformnenory with a time axis of the waveform data controll ed,
by .said control unit, to be stretched or conpressed in accordance with
t he control i nformati on: and a readout section that reads
out from'said waveform 15 nenory the waveformdata at the |ocations

desi gnated by said control unit at pzpate corresponding to the pitch
desi gnat ed ~ by said pitch designating section. 7. Atone
generating device conprising: a waveform nenory having stored
therein wavef or nMteowdr, 2ven pinr the cgoueseaoél veproduckgon oénal tone
characteristic variation inparted thereto over a predeterm ned period
based aaveftairer nithed gindsendf Jdeventionceachieves a g vgnigty of
designating section that designates a pitch of a_tone to beI%Sperated;
25 a seotiationmtofemctoneswevafesm thropgh: realr&imgncontrol, by

tone generatin eriod based on the predeterm ned st
perf or nance;pezgfoprming the control fo:P stretchrnr.‘ng ana é/clm?pgé%sj_.ng waveform

a
trol [ h desi ' . A
| ocat ?ongréﬁda{#@t%?% 375 e’ ol il ©cPRE MMbhonse &, dyjrlii iy et ©
Menory Wi t i ok
contr gl uni tc:c}'xquzgn%neqalerétzg{:st %?he%fm(lﬁi@é/ﬂ&’i ”hﬂgt Z1TUUMP! d Bohg D¥neaithime

_ _ ret conpr.essed in accordance with the
control ag{yg ornation; and a readout section that reads out
from sai d wavetorm menory the waveform data at the | ocations

ggz: SRZ: Zg by saifh addi®€sh/) ¥n WHe calseawhaire anyrengoofi@pIwrdhetyidLh
sets of stored waveform data is selectably used for generation
of a tone, the present invention can perform tone control in
~ an even further diversified manner, by sequentially switching,
in response to passage of time, the set to be used to another
set.

Also, the preseﬁt invention achieves time-axis stretch
and compression control that provides for a smooth waveform
variation by performing cross-fade synthesis during the
control.

Furthermore, in the case where waveform data divisions
to be cross-faded sequentially change, the present invention
is arranged to fix the cross-fading (fading-in and fading-out)
direction in each of the cross-fading channels so that a
transfer always occurs from the waveform data of the first
cross-fading channel to the waveform data of the second cross-
fading channel. With this arrangement, it is possible to fix
a functional waveform of cross-fading coefficient for each of
the cross—fading channels and thereby facilitate formation of
the functional waveform.

Finally, even when no time-axis stretch or compression



10 by said pitch designating sect.ion. 8. A tone generating device
as recited in claim?7 wherein the tonal characteristic variation
imparted to the waveform data are a variation of at |east one of tone
pitch, color and vol une. 15 9. A tone generating device as
recited in claim7 or 8 wherein said control information designates
either or both of start and end pointgiofl the tone generating period
based on the predeterm ned style of performance, and a tinme | ength of
t he variation. 20 10. A tone generating device as recited in claim?7
or 8 wheigsi tos bed caortiedl owlf or tise | predestgiavestipe dfs staranged| to
end points of the tone generating period based on the :E)redeterm ned
styl e of permrﬁramecrm-ﬁa@at gyathesds betmnasamm waveform data read

-177- A tone generating_device conprisin a waveform
menory havi r@u§tBW€d°Fﬁ§FéfﬁdFPgth\W€f1§r RO ther&étYa R%%rﬁ%‘f‘i‘%e%?e
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interconnect “sard T1rs and sal con wave

bi tch_desi 0nggs e et hen shjate iRs IaH) Coagodl egg; As 3 LANAIO Dehe

gener at ed; ) a sect en atr r from sai | rst
waveform  préfesti the@eeleh Ve 196 NaFSahdsd It itk ol £ L6®1 HPNb&PFoSHCh

the cross-fade synthesis at any time and thus can eliminate
the need to determine, in consideration of contents of a time-
axis stretch/compression control parameter, whethei‘ or not the
cross-fade synthesis should be effected. This arrangement can
significantly simplify the necessary control and

construction.



that said first waveform and sai d second wavef or
said third waveform i nserted therebetween;

REPLACGESh SHERTS SG

ag\r;g][ g'; rensI control information to control 15 a ti 19¥s L t\My C §&‘J..?E..ttbb£§1d —
h l:s%he%ﬁ-lasieen’Re l . a control unit jtR4 %} d Hb

response to ¥dtinme, discrete locati \ ep§§f mB?ged

said third ﬂ H,MI 0 be read out fypm sai eaP"b tﬂp%ﬁed """" :

time rd wavef orm data contr s“ﬁ?‘ sa1Rf & paged -~

unit, to be stretched or conpressed in accordance wthn THe TOomntT Ut

i nformation: and a readoutCskchi &nMt Hat reads out the waveform

data from said waveformnenory at a rate corresponding to the pitch

designated by said pitch designati ng section, wherein when 25 said third

wavef orm data are to be read ouj i d, readout ., section reads out said

third wavefdrm ddt tone tSFPé“F’B%B’r‘%’%n evice ﬂ%’@ﬁhﬁ’f% by said control unit

fit 1'[72e_rat e Co”eSpon%%%:nbmé:pr 1A% e§s%ggg‘%§g}:ﬂé{'8§]ﬂ waveform data of

wavef or m rrermraﬁ_‘ﬂaa\ﬁ_ 'Lqrpétlié)rv?éjv ﬂgzj_cr@ n wavef orm data of a plur aI cycle

wavef orm ch designating section that designates a pitch of

5 a tone to be 9%‘%%&@ designating@s88¢ibANthAdt qeengnates @OPitdh of
information in correspondence With a predeterm ned partial tone

generating a tom®rtdbe generatedp control unit that designates, in
response to passage 10 of tine, discrete |ocations of the waveformdata to
be read ‘out 4 reontseoll ivEefmeatdor generating segticnithay gdrerates
control information specifying, in a time function, an address
location of the waveform data to be read out from said
waveform memory;
an address generating section that generates a read
address advancing at a rate corresponding to the pitch
designated by said pitch designating section;
a control unit that makes a comparison between the
address location specified by the control information and a
location of the read address generated by said address
generating section and controls to shift thé read address in
.accordance with a result of the comparison; and

a section that reads out the waveform data on the basis

of the read address controlled by said control unit.

2. A tpne generating device as recited in claim 1 wherein
the waveform data stored in the waveform memory are divided
into a plurality of data divisions and managed in such a
manner that respective first waveform data of the data
divisions generally cdincide with each other in phase, and

wherein when a difference between the address location
-
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wavef orm data controlled, by said control unit, to be ——stretched or

conpressed in accordance with the control I nformation; and 15 a
readout section that reads out from said waveform et enm Repladgdm
data at the | ocations designated by said control uni ”;
corresponding to the pitch designated by said pitch i -
secfion. ©13. A tone generating-dawyace conprising: 2 a

wavef orm nmenory having stored therein waveform data of - a plural -cycle
wavef orm a pitch designating section that designates a pitch of
a tone to bespeeitfiedddy the contrel chnfermatignaandgthectoertioniof the

designates a color_of 25 the tone to be generated, a section
t hat gener at¥R22 AAdxgss [gener et bx sajid gdfress ggnaRakiPrgc8RFEipBRRg

to the col or_designated by_said col or . . .

179 - encede o | EPQSERTBIRed v A bR ontald SYHEEah It FHETES e
t one- gener atj S | I Ny nit that i ,

i n response %%Q%aés%%ée@ &P a([)l# %“llor‘rlen,t o5& %tp?qaé'gg[ i%gnls)hgf g?h%g%vgggirzﬁé
data to be rgady dﬁvf#io om said waveform nmenory with a tinme axis of the
wavef orm data controlTed, by said control unit, to be stretched or
conpressed in accordance with the control I nformation; and a

readout section that reads out from said waveform 10 nenory plural cycfes
of the wavef®rm dat atener gepeidivithg Advlice as desiged! ech cOl@imall dr age

corresponding to the pitch designated by said pitch designating

section, whewkich sfurther comprises a cross-fading section that, when a
shift of the read address is to be carried out by said
control unit, performs cross-fade synthesis between the
waveform read out from said waveform memory on the basis of
the read address.generated before the shift and the waveform

read out from said waveform memory on the basis of the read

address generated after the shift.

4. A tone generating device comprising:

a waveform memory having stored therein waveform data of
a plural-cycle waveform having a modulation effect imparted
thereto;

a pitch designating section that designafes a pitch of
a tone to be generated;

a section that generates control information to control
a time axis of modulation;

a control unit that designates, in response to passage
of time, discrete locations of the waveform data to be read
out from said waveform memory with a time axis of the
waveform data controlled, by said control unit, to be

stretched or compressed in accordance with the control

' *  C L N S *




readout section reads out the waveformdata at the |ocations
designated by said control unit at the rate corresponding to 15 the

destgnat ed pitch, wherein the waveformdata of a plural - cycle
wavef or m stored in said waveform nenory i s sh&hieghebtdias Been d t
different colors and the control |nfornat|on for th tmo
different colors is arranged in dlfferenu7mpnners tone
generating device conpri sing: vef orm menory havi ng stor

t herei n wavef orm data of a plural - cycle wavef orm a pitch
desi gnati ng tetormationt dadi gnates a pitch of a tone to be: generated
25 a section that_generates control information_in real

during gener at i on@ofrepqPHe; section th%?cﬁﬁ?@ﬁlQHﬂthﬂ%tﬁﬂiggﬂ@N%§°rmn
response to

tinef di scr assB%an%ngag?f?ﬁ@ Qﬁsﬁf3En¥ﬁ%t%9?%tb%n?e%%51gnat%€tb¥r§ﬂ+§gid
card cont r o SomErol lusrk! B8 848p8 eathEsponait fo CERL B EoR OB OuhEFea DY

t he control oL ¥REfO 3 ﬂ tin t readout section that reads out
fromsaid wavséfséﬂé 5 Eneﬁ%? 8 ﬁe mgvgfgrﬁggata at the | ocations

desi gnated by said control unit at a rate corresponding to the pitch
desi gnat ed by said pitch designating section. 10 15. A tone
generating deyi ceaceshel gefi@rating devica wewpkasingenory having stored
therein plural different

a waveform memory having stored therein waveform data of
a plural-cycle waveform;

a pitch designating section that designates a pitch of
a tone to be generated;

a section that generates control information in
corréspondence with a predetermined portion of the waveform
data to be repetitively read out from said waveform memory;

a control unit that designates, in response to passage
of time, discrete locations of the waveform data to be read
out from said waveform memory with a time axis of the
waveform data controlled, by said control unit, to be
stretched or compressed in accordance with the control
information; and

a readout section that reads out the waveform data from
said waveform memory at a rate corresponding to the pitch
designated by said pitch designating section, wherein when the
predetermined portion is to be read out repetitively, said
readout section reads out the waveform data at the locations

designated by said control unit at the rate corresponding to

the designated pitch.
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sets of wavefor_mJiaLa_oj_pl_uLaJ;chcl e wavef or ns; a pitch

desi gnating section that desi gnates a pitch of a tone to be generated;
15 - a wavef ThisfhekeHi éplgcedect i on that designates any one of the
sets of wavefor m for m desi gnati ng section sequentially
swi tching the des anot her one of the sets in response to
passage of ti section that7generates control information;

20 a control uni t that designates, in response to passage of
time, discrete |locations of the set_ of vvavef orm dat a, desi gnat ed by

sai d wavef ofm ded Q’M’ﬁ tﬂf%ﬁw dﬁi”tﬁ? [QQRPTiSingsyt from sai d wavef or m
nmenory with atine axis of the se . rmdata contro
said control uni®® WPUelermZ@emQWePEﬁéﬂg %Fozﬁ%‘irp'&é%téee’d‘ i"ﬁ“’mg?g@ #t h

t he control ornme W, er}drm a readout section that reads out
from said \Aﬁv?fléﬁrﬁ ~cyele’ Wavetorm; - 181 -

it 4t o rare oo BEORtt et e RF d iR AL ANE] s Rinafh] 2 pueERlEE”

desi gnati Nga5@phkORo be genkratel;t ONe generating device conprising: 5

a waveform nenory havi ng stored t herei n waveform data of a

plural -cycl e wavef o§@ttion that gemeidteseToptrolNdisfstndeidhatyarying
designates a pitch of a tone to be generated: a sectlon t hat
gener at es ceaittholcimef;or mati on to control 10 a tinme length over which a
tone is to be generated, . a control unit that designates, in
response to passageontrolbfunitpethal séesignatess i bhsresponsewtoepassadet a
to be read out fromsaid waveformnenory with a tinme axis of the

of time, discrete locations of the waveform data to be read
out from said waveform memory with a time axis of the
waveform data controlled, by said control unit, to be
stretched or _compressed in accordance with the control
information; and |

a readout section that reads out from said waveform
memory the waveform data at tﬁe locations designated by said
control unit at a raté corresponding to the pitch designated

by said pitch designating section.

7. A tone génerating device comprising:

a waveform memory having stored therein waveform data of
a plural—éyclé waveform having a tonal characteristic
variation imparted thereto over a predetermined period based
a predetermined style of performance;

a pitch designating section that.designates a pitch of
a tone to be generated;

a section that generates control information to control

a tone generating period based dn the predetermined style of

performance; ' -
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waveform data controll ed, by said control unit, to be——&5—~s%+e%ehed——ef
conpressed in accordance with the control. |nfornat|on

a readout section that reads out from said waveform “ lmmd
wavef orm data at the | ocations designated by said
|ng

rate corresponding to the pitch designated 20 by sald

secfion. 17. A nmet hod of generatiyfpg a tone on the baS|s of readout
froma waveform nmenmory having stored therein waveformdata of

plural -cycle waveform said method conprising: a step of

desi gnating a pitahcoftzolomaitto ﬂb@mmmes,zan respensg cfo gpassage
generating control information_specifying, a time function, an
addr ess | oca®f ohlBe, t AisGreEeoARraLians, OF ‘the waveform data to beé read

- 182 - be read out, fromsaid waveform ne a step, of

gener at i ng LCvead ol 8849y g¥arefagma tm%{“‘?%few" Eor?’e‘%%oﬁ’dﬁ’ﬁg p§ tHee

h d d d d
Dt ki ng. o EOTREPTEoHBER e ﬁoella%e "Bt BoResR L, puREFr citBy PRe

cont rol i nf OLIRLL e @A | A5itiidlikea 100" B aRRleAHiERS SRACT BLELLDY

said step of "generafing a rea difes$ an contro |ng
read addressjhPormatidqfosdgnce with a result of the conparison; and 10

a step of reading out the waveformdata on the basis of t he read
address control | ed et S5€8t26nCHHA| +éd@s out frdmM. sail NRAVELoBDS
recited in claim17 wherein the waveform data stored in the waveform

menory are dnemoey tihv ovaveformplatal atytivd Iodatibivs sdestgatedaspgeaidn
such a manner t hat
control unit at a rate corresponding to the pitch designated

by said pitch designating section.

8. A tone generating device as recited in claim 7 wherein
the tonal characteristic variation imparted to the waveform
data are a variation of at least one of tone pitch, color and

volume.

9. A tone generating deviee as recited in claim 7lor 8
wherein said control information designates either or both ofl
start and end points of the tone generating period based on
the predetermined style of performance,-and a time length of

the wvariation.

10. A tone generating device as recited in claim 7 or 8
wherein said control information designates one of start and
end points of the tone generating period based on the
predetermined style of performance, and a rafe of the

variation.
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15 respective | eadi ng waveform data of the data divisions

substantially’@ (Sheet fntReplaed¢h ot her in phase, and wher ei n when
a difference be 1 & ress |l ocation specified by the control

i nformati on and of the read address has exceeded a
predeterm ned val ue, said control 20 step shifts the read address by an
anmount correspondi ng to .one - or norerpf 4+ he data divisions. 19.
A nmethod as recited in claim17 which further conprises a step of,
when a shift of the read address is to be carried | out by said shift
step, perforlli.ng @& dxmneg ghnegating devite IRELFRAhe wavef orm read out
fromsaid wavef orm nenory on the basi s of tge ﬁead_ad r.es %Fneggted
before the shift awpvYeform memory having stored therein rirs aveforg,

wavef ormread out from sai d waveform. penpry on.the basis of ad
address genéedtfedeRresentadive oL a FiFSE ‘.’ef(’ﬂ“heﬁ%%ocfldé)fwagveenfeorlta i%r?[:]t%a
tone on the basis of readout fr WY r ; ' I
thérein wav SERRRSERSE Ve of 2 5] roé}%{-n(':'%cl e %@e?ﬁr}%{%&;%ﬁoa dita
COMprisiNg: o¢ 5 pluralgc?t}:fg %if@%ﬂ&dfﬁghﬁvﬁh Ch UnA MAEdR M stic
gener at ed; a step of generating control infornmation: - a

control stepf; ASHHAbaRted BhéPERENES intcRdonagRtobaid fitdtnavtiformet e
| ocations of the waveformdata to be read out 10 from said waveform nenory

wWth a tine ghd sdifd ideoory afadveform; data control l ed, by said control

step, to be stretched or conpressed in accordance with the contro
informati on; and a pitch deaighaping seatliog thatf desigantesawefdrtahrerfory
t he wavef orm data at the | ocations designated by said control step

a tone to be generated;

a section that, when a transfer from said first waveform
to said second waveform is instructed, performs control such
that said first waveform and said second waveform are'read out
with said third waveform inserted therebetween;

a section that generates control information to coﬁtrol
a time over which said third waveform is to be used;

a control unit that designates; in response to passage
of time, discrete locations of at least part of said third
waveform to be read out from said waveform memory with a time
axis of said third waveform data controlled, by said control
unit, to be stretched or compressed in accordance with the
control information; and

-a readout sectién that.reads out the waveform data from
said waveform memory at a rate corresponding to the pitch
designated by said pitch designating section, wherein said
third waveform data are to be read out, said readout section
reads out said third waveform data at the locations designated
by said control unit at the rate corresponding to the

designated pitch.
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15 at a rate corresponding to the pitch designated by said step of
desi gnati ng, whereby a tone is generated which has the deS|gnated
pi t-ch and waveformdata of a characteristic contr ofy;éhee: Bds Been Re '

control step, to be stretched or conpressed al ong a
accordance with the control information. immmﬂ Edabl e

stcrege.nediun1containing a group of _ 173nstruct| sai d
machi ne to performa nethod for generating a tone on the basis of
readout froma waveform menory having stored therein waveform data of

a plural -cyad2s ZaMQenemmMW%cﬁ@m%iwghe steps of:
designating a pitch of a tone to be generat ed; _
- 184 - a wpvesionn memesm havingr sEREefoEherein (AYRECTH dpta Qf

function, an address | ocation of the waveform data to be read out from
sai d waveforamnﬁ’{ﬁ?rly‘cYCle wavefQqiiar ating a read address advancing at a

rate 5 correspondin chod;gggg%%%%gg%ggﬁgefégg¥ 38:4gALRASCL, pitch of

tclﬁ3| gnatl n? a pi t*_b e address cat1on specl

e control | nf or.oat dga location of the read address generat ed
by sai siioé‘pe orlﬁo g%%leé&?el ng a T ead address; 10 controlling a
shlftlng of the Q?adséQQESES | (§ es cohthol I endbirmafcibhe in
conpari son; and I ng out the waveform data from said waveform
nmenory é”éf’pd?ﬁﬁrﬁ:e Q)‘uﬂh eal ppddaddininedophirelintd tones ajetheteetpl ng
controlling a shifting 22. A machi ne-r eadabl e storage nedi um

cont ai ni Ng gegFivg: of

a control unit that designates, in response to passage
of time, discrete locations'of the waveform data to be read
out from said Waveform memory with a time axis of the
waveform data controlled, by said control unit, to be
stretched or compressed in accordance with ‘the control
information; and |

a readout section that reads out from said waveform
memory the waveform data at the locations designated by said
control unit at a rate corresponding to the pitch designated

by said pitch designating section.

13. A tone generating device comprising:

a waveform memory having stored therein wavefofm data of
a plural-cycle waveform;

a pitch designating.seetion that designates a pitch of
a tone to be. generated;

a color designating section that designates a color of
the tone to be generated:;

‘'a section that generates control information varying in

a manner corresponding to the color designated by said color
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i nstructions—for—causing said machine to performa method for
generating a tone on the basis of readout froma waveform menory
havi ng st or ethis;Shest BasB m data of a plural -cycle wavef orm said
met hod conprlflnnll of 20 - designating a pitch of a tone to
be generated ratlng control information corresponding to a
stretching or a conpression of the wavefDron- designating, in
response to passage of tine, di screte | ocations or [err]he waveform
data to be read out fromsaid 25 waveform nenory at a pohpt along the tine
axi s det er nidesdgppting SﬁQQ#Qan¥%Ir¢ﬁP6FﬁﬁtFSnPQQ%?ge of time gﬁﬂpn & out
fromsaid wavef orm nenory the waveform data
- 185 - t°ﬂ%7§ﬁ@?ﬂ@5%9ﬂ(ﬁﬁ?qié§ﬂbﬁ5Féﬂhby said step of de5|gnat|ng

g serete ol ons Bt & R EgeoRdh ol 0ok 1R Ebognps 16°paRREEL b
devi ce Corrprltsl}:g?ng éitscre ann&@@f&@&fnﬁgéthggef§fﬁl'ﬁﬁtéh%B Q%nﬁ*e%‘des

wavef or m wavef or m desi gnat [ ng

section that, Q:es!EQP e%aif@v‘%\fﬂe@orm mefb2y! OwPenganeramed aRis fof stchene
of said two channe sai d waveform generating section and waveform

data to be RefdRe deed | Boatyelaed,onpyofsaadd dawtrehanmelts, oftsaitd
wavef orm generating section; a cross-fade synthesis section that
executes Creggdtred or wathQBSeauchntha¢cardanmstW1thxunheflcmntﬂmi
wavef orm dat a generated in said first channel to the waveform data
generated limformestiicbrgecorm channel ; a first control section

that sequentially instructs said
a readout section that reads out from said waveform

memory plural cycles of the waveform data corresponding to the
designated color at a rate corresponding fo the pitch
designated by said pitch designating section, wherein said
readout section reads out the waveform data at the locations
designated by said control unit at the rate corresponding to
the designated pitch,

wherein the waveform data of a plural-cycle'waveform
stored in said. waveform memory is shared for at least two
different'colors.and the control information for the at least

two different colors is arranged in different manners.

14. A tone generating device comprising:
a waveform memory having stored therein waveform data of
a pluralfcycle waveform;
a pitch designating section that designates a pitch of
a tone té be generated;
. a sgction that generates control information in real
time'during generation of a tone;

a control unit that designates, in response to passage
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waveform generating section to generate additionat—wavefaorm  data
havi ng an optional lIength and controls said cross-fade synthests
section to execute the cross-fade synthesis for aTh heetidas iBag RG &gisponding

to the length of the additional waveform dat a; second
control section that after conpletion of the hesi s by
|

sai d cross-fade synthesis section, - T8Ot+ ol s desi gnat aid

wavef orm desi gnating section in 25 such a manner that the waveform data
havi ng been so far . generated in said second channel _are generated in
said first of timansHisanffreerakinms ikl thavurveferat datipetgeher ae8d in
- 186 - said second_channel. - . LA tonetgenerating‘device

24
conpri si ng: Out from said, wayehorthoPPmRLYi il ER o d HEREr 2ELTaRE otRedat a
f- | |- | f 5 | tch desi ti ti t hat
desi gnat os FowaEskior 8a¥8"°G8hEko1aga, . by Sedia g borttrdl “udth So5g Tihel "
doci onot | ot hat. deci : e
i scrote | oEirecehiad N8 E5hHRAEESA I | aooofBHRE C LN cBineyoT”

wavef or m meqpebratitl onkO ar@ ti me axis of the waveformdata controlled to be
stretched or conpressed, so as to identify first waveform data at

currently desi gnal eflebh@6ati etditth SEEQDJ reRGRf ot dFremitsaid whok/feMmNg
| ocations having been controlled to be stretched or conpr essed

rel ati ve tomemerguthenwayedesingdattad alttothel Aosatidns desighateddbyt said
section that reads out, fromsaid waveform menory, said first and -
second wavefonkrodt anddsiaghat aatey coxrésponding to the pitch designated

by said pitch designating section.

15. A tone generating device comprising:

a waveform memory having stored therein plural different
sets of waveform data of plural-cycle waveforms;

a pitch designating section that designates a pitch of
a tone to be generated;

a waveform designating section that designates any one
of the sets of waveform data, éaid waveform designating
section sequentially switching the designated set to another
one of the sets in response tq passage of time;

a section that generates control informafion;

a control unit that designates, in response to passage
of time, discrete locations of the set of waveform data,
designated by said waveform designating section, to be read
out from said waveform memory with a time axis of the set of
waveform data controlled, by said control unit, to be
stretched or compressed in accordance with the control
information; and

a readout section that reads out from said waveform
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wavef orm desi gnating section, to output said first and second wavef or m

data through first and sSecond channel s, respectively; a
cross-fade syntﬂggﬁgﬂﬁe el hat al ways executes 20 cross-fade synthesis
such that a tran said first waveform data supplied

t hrough said fi rEHﬂHHmﬂmbﬂiFa sai d second waveform data supplied

t hrough said sec el ; and - 181 - a control unit that after
conpl etion of the cross-fade 25 synthesis by said cross-fade synthesis

section, controls desi gnation by said wavefaorm desi %ati n ectiq

in
such a memeryr theaw aray dediamadathen 2008 1008, 98§02 ats@d'a n

- 187 - said second channel are outputt.ed I d_r.eado sectli

t hrough sai ¢omytrel ypddnhat z?nd’atq?eq%?@ﬁ?pﬂﬂdd’é’tga% %%&Npl c :ét(?csa ngﬁ:%'&
havi ng been_contr,o) |l ed to be stretched or. c ressed relative to the

| ocati ons oPY¥s &} &%@M@%H}ﬂ as%?%loq{r’g outputted by said readout
section through said second channel. 25. A tone generating device
conpri si ng: : a waveform nmenory having stored therein waveform data

of ~a plhygal- %’%cﬁié/‘lgdé‘ﬁé’fﬂing device cCompFLLislgsi gnating section that
0

designates a pitch .a tone to be generated: a waveform

desi gnati ng sect i pRydvidorde siclidtye havig storédstheseihovprstoge ddtd ok,
di screte | ocations of the waveformdata to be read out from said

wavef or m mnempluddl-cycle avdvertornd s of the waveform data controlled to be
stretched 15 or conpressed, so as to identify first waveformdata at
current |ocations griftclcdesignating nsegtiont that| dephgnates pgo@dttchhof
havi ng been controlled to be stretched or conpressed '

a tone to be generated;

a section that generates control information to control
a time length over which a tone is to be generated;

a control unit that designates, in response to passage
of time, discrete locations of the waveform data to be read
out from said waveform memory with a time axis of the
waveform data .controlied, by said control unit, to be
stretched or compressed in accordance with the control
information; and

a readoﬁt section that reads out from said waveform
memory the waveform data at the locations designated by said

control unit at a rate corresponding to the pitch designated

by said pitch designating section.

17. A method of generating a tone on the basis of readout
from a waveform memory having stqred therein waveform data of
a plural-cycle waveform, said method comprising:
a step of designating a pitch of a tone to be generated;
a step of generating control information specifying, in

a time function, an address location of the waveform data to
o
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relative to said first waveform dat a; a readout section that
reads out, fromsaid waveform 20 nenory, said first—and-second—wavefoerm

dat a designated by said wavef orm desi gnati ng section, to output said
first and second wavef orm data-through first and ed
respectively; a cross-fade synthesis section m T
cross-f ade synthesis such that a t+amsfer occurs d
first 25 and second waveform data supplied through one of said first

and second channels to another of said first and second wavef or m dat a;
and be read out from said waveform memorygg - a contro
unit that after conpletion of the ¢ross-fade synt hesis by said
cross-fade synt he® SteBcPfogeneratingsa readd%@?ﬁﬁ%%i%ﬂvﬁQC%ﬁ d@ha? eF3FfM

designating section in,such_a manner that., sai.d second wavef orm dat
continue to B%rB%?B?R$%Eg €O bEP%aipdn?cghd %ﬁ%ﬁ, hfroﬁaﬁ\éa §éﬁ3 oﬂg of
said first a . ond nel s as having been so far used and the
wavef or m &g%%?%?%f§§e§/ %ggﬂrons havi ng been controlled to be stretched

or _conpressed 1 el gliygah 0 die kAl 08S Glm3 £hoPC Ydlueen VALS! Q4gIJELA

are outputted by said readout section throug 10 another of said first and

- second channgb&afién abpEc£hP8deByathe coftPSE-{REbNEatidRCah@Nal To€atfon
cross-fade synthesis section. 26. A tone generating device

conpri sing: of the read wRidYexsngamaxraytddvbygsaiar etepherfeigenenetinign dat a
of “a plural -cycle waveform 15 a pitch designating section that
desi gnat es areadchddiress ard tcomttrolbingeror athddft the read addyds=limnit
t hat designates, in response to passage of time, discrete |ocations of
t he wavef or nfeecerdarcgcwithda result of the comparison; and

a step of reading out the waveform data on the basis of

the read address controlled by said step of controlling.

18. A method as recited in claim 17 wherein the waveform -
data stored in the waveform memory are divided into- a

plurality of data divisions and managed in such a manner that

respective leading waveform data of the data divisions

generally coincide with each other in phase, and

wherein when a difference between the address location

specified by the control information and the location of the

read address has exceeded a predetermined value,'said control

step shifts the read address by an amount cdrresponding to one

or more of the data divisions.

19. A method as recited in claim 17 which further comprises
a step of, when a shift of the read address is to be carried
out by said shift step, performing cross-fade synthesis
between the waveform read out from said waveform memory on the

basis of the read address generated before the shift and the
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out fromsaid waveformnenory with a tine axis of the 20 waveformdata

controll ed, by saidcontrol—unit, to be stretched or conpressed;

a waveform [ | ectign that, in response to desi gnati on by

sai d controf’ﬁlﬁsg ?ﬁ 4 eed o first part of t he wavef orm data at
current Iocat” J E, ond part of 25 the waveformdata at |ocations
follow ng the I ons whenig@sr<etch of the waveformdata is to
be executed, designates the first part of the waveform data at current
- 189 - | ocations and a second part of the waveformdata at | ocatjons

precedi ng t Wavefioren reast DUt Eramesrtd ¥R e’tPER BeMPRE on the,basdsyofat a
Is to be executed, and designates a sane_part % t he wavef orm data at
current | ocdhepmeass gddrass, genaraipf atter theyShiktvavef orm data when
nei't her stretch nor conpression is to be executed, a readout
section that reads out from said waveform ‘menory said first and second

part of t her?\é\fivef 0412!1“&1 tad-?ghggﬁéjfg@gf@dab%ﬁ@ gnc%m?_r pheill bt rahdRite

correspondi ‘to t pi esrgn d by said pitch designating

section; antrom g wavefdri ﬂéﬁb&%dﬁa§iﬂéh§ﬁ6§eée€ﬁéﬁé‘iﬁ hedver®sii®sta of
cross-fade syntahe5|s such that a transfer occurs fromsaid first part

of t he 1gyRiUIMEAI R tvaveskns e il Nidthed dditpmbyRi@r m dat a.
27. A wavef orm dat a "‘cross-fadi ng method conprising: 15 a step of

generating a pl uraldtep &If Qediematiing Bspitch whveftome dat e generated;a
step of, at predetermned timng, starting generation of second
wavef orm data t ha détesp aofagenghatingscentdoli informatigayef orm dat a
generated at said predeterm ned tining; .

' a control step of designating, in response to passage of
time, discrete locations of the waveform data to be read out
from said waveform memory with a time axis of the waveform
data controlled, by said control step, to be stretched or
compressed in accordance with the control information; and

a step of reading out from said waveform memory the
waveform data at the locations designated by said control step
at a rate corresponding to the pitch designated by said step
of designating,

whereby a tone is generated which has the designated
pitch and waveform data of a characteristic controlled, by

said control step, to be stretched or compressed along a time

axis in accordance with the control information.

21. A machine-readable recording medium containing a group
of instructions of a program to be executed by a computer for
generating a tone on the basis of readout from a waveform
memory having stored therein waveform data of a plural-cycle
waveform, said medium comprising:

means for designating a pitch of a tone to be generated;
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20 a step of generating a first coefficient deereasing from __ an

initial value of one to a final value of zero over a pr edet er m ned
perrod and simultaneously generating a second c B Sheat HeyBeen ReplagsdSi NQ
froman initial value of zero to a final val ue d
predeterm ned period; and 25 a step of control f said
pr edet er m ned period to conformto -al@d4e~cycle length" sai d Ssecond
~wavef orm dat a. ' - 190 - 28.

A wavef orm reproduci ng devi ce conpri sing: . a waveform nenory
having stored t hePBRRSWAQEf 8PRPEALANGf contro}l fpfpEration:spectiving, in

portions; . a tope-generation instructing section that ingtructs
5 ggnerationaoFlﬁFtfﬁEPEhﬂnde§?gﬁé¢5%s§ PERHIBR ?ﬁeg?%ﬁﬁ,vegbrm 3a£aa£o
section that, generates,cantrol _data_t ntrol an. advance of readout
| ocati ons ofbghﬁeﬁév%?gr%¥8ﬂrFF%ﬁsWavgfggm mgmggyéddress generating section

that generates reﬂggngyfoﬁqgéﬁé§§§iﬁ VENELRE 38afesdl SaGQRLERHORE! §9rLPet NE

pitch 10 designate sai 0 tone-geheratiron Instructing sectTon,

a readout seghi-PRshbAdingad Okhel o1 vEY eliisTgdditddf by safdeméanel OFsr
portions from sald waveform nenory on the basis of the read addresses:
a control ungésidpedtimdiea pi€éRApari son between an 15 advance of the
readout | ocations designated on the basis of the control data and an
advance of |ocatimeansf fdr meking a addmpesdsogenbettvednbytbai daddidesss
generating section and selects, on the basis of a result of the

- conpari son, bodatitemsspecifipedabypbthefcentnel ocinfopmakbien cand parlooation be

" next read 20 out, so as to performcontrol such that said address
of the read address generated by said means for generating a

read address and controlling to shift the read address in
accordance with a result of the comparison; and

means for reading out the waveform data from said
waveform memory on the basis of the read address controlled

by said means for controlling.

22. A machine-readable recording medium containing a group
of instructions of a program to be executed by a computer for
generating a tone on the basis of readout from a waveform
memory having stored therein waveform dat‘;:l of a plural-cycle
waveform, said medium comprising:

means for désignating a pitch of a tone to be generated:;

means for generating control infofmation;

control means for designating, in response to passage of
time, discrete locations of the waveform data to be read out
from said waveform memory with a time axis of the waveform
data controlled, by said control step, to be stretched or
compressed in accordance with the control information; and

means for reading out from said waveform memory the
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generating section starts generating the sel ected addresses——- —of-—t-he
data read out on the basis of the read addresses cﬁh a
phase of the waveform data designated by the 25 sel and

: omndma
read out by said readout section. - 185 -
- 191 - 29. A wavef orm reproduci ng device conpr|5|ng
wavef or m porwaveform data at gthendogaidons slesignated i Ry %{q PR RS
I nstructs 5 generation of a tone and desi gnate Itch of the tone;

specific waveform portion at a point where a phase &ss . the maveform

a section that reproduces a waveformon the basis of

wavef orm nenory having stoeed therein waveform data of plur al | ty of
a section tHAR3RRRY A F84e rﬁ?é’%sﬁq{\ji%fcpofth&apétf’g desigpgked by o5aid

advance of readout go at L ons f t he wavef orm portions; an
addr ess genePSRPRG° %??bﬂn?ﬁ P9gyenerates read 10 addresses advancing at a
rate corresponding to the pitch desi gnated by said tone-generation

i nstructing section; a readout section that reads out the
wavef orm datggof a poh8equA%EERE pﬁéb&885c5h99h§§hg wavef orm menory on

t he basis of the reag addr ess a control unit that, for
each predeterm ned KRReFHHE Igéheratumerseatlaﬁk%a% Qs e Y ¥BGHM AN
advance of virtual wavef orm portion | ocati ons designated on the basis
of the &ataroh tHadachafnebsadvance of waveform portion | ocations

designated by the read addresses generated by said address 20 generating

section and sel ecasvavafohm Gesignatimgrsectionfthat desbgmabesrigoaform

speci fic one of the waveform portions to be next read out, so as to

per f or m contdatastenhbengenegpged in a first one of said two channels of
said waveform generating section and waveform data to be
generated in a second one of said two channels of said
waveform génerating section;

a cross-fade synthesis section that executes cross-fade
synthesis such that a transfer occurs from the waveform data
generated in said first channel to the waveform data generated
in said second channel; |

a first control section that sequentially instructs said
waveform generating section to generate additional waveform
data having an optional length and controls said cross-fade
synthesis section to execute the cross-fade synthesis for a
period corresponding to the length of the additional waveform
data; and

a second control section that after completion of the
cross-fade synthesis by said cross-fade synthesis section,
controls designation by said waveform designating section in
such a manner that the waveform data having been so far

generated in said second channel are generated in said first

channel and said additional waveform data are generated in

A O




address generating section starts generating addresses of the specific

waveform portion in a next reproduction period; and 25 a section
t hat reproduces a waveform on the basis of the wavef orm data read out
by said readout section. 30. A waveforntreproqﬁgmggHgﬁ%,ﬂ%

in claim28 or
wherei n one of the waveform portions sel aged at one
of the waveform portions selected next tinme are

edrecllted
ﬂ! anot her

cross-f ade. - 31. A met hod of reproducing a maveforntu3|ng a

wavef orm 5saddosecendi ahanpeled therein waveformdata of a plurality of
wavef orm portions, said nethod conpri sing: - a tone-generation
instructing step of instructing generation of a tone and designating a
pitcth of the,}one; $5 B gpvgeneratl control data to contro

an advance 49 of ?eﬁﬂﬁﬁtgFBgﬁF of: & GEPeESCHHor ti ons; an

address generat i ng ﬁ%&gﬁgiﬁ%&ﬁéﬁt'ﬁgvu‘fi}tgo%cfsc%%}gl& {na%@f%%' 8d:8' o2

rate COI’I’GSpOI’]dI ng Sl ghna one-generation

i nstructing étg ural-cycle waybadput step of reading out the waveform data
of the 15 wav orntpo?tlons Yrom sai d wavef orm nmenory on the basis of

the read addresseg: pitch desighatdfg dectith Ahd®kiduighBBad | sPEchebreen

an advance of the readout | ocations designated on the basis of the
control dat aaadénéntedsengenekaltedati ons of the read addresses 20
generated by said address generating step and selects, on the basi s of

a result of the canpeavebormadiestgmesting a ssgacidn c that dJdesighatks, in

wavef orm portions to be next read out, so as to
response to passage of time, discrete locations of the
waveform data to be read out from said waveform memory with
a time axis of the waveform data controlled to be stretched
or compressed, so as to identify first waveform data at
currently designated locations and second waveform data at
following locations having been controlled to be stretched or
compressed relative fo the currently designated locations;

a readout section that reads out, from said waveform
memory, said first and second waveform data designated by said
waveform designating section, to output said first and second
waveform data through first and second channels, res_pectively;

a cross-fade synthesis section +that always executes
dross-fade synthesis such that a transfer OCCuré from said
first waveform data supplied through said first channel to
said second waveform data supplied through said second
channel; and |

a control unit that after complétion of the cross-fade
synthesis by said cross-fade synthesis section, controls
designation by said waveform designating section in such a

manner that the waveform data having been so far generated in
R —
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performcontrol such that said _address generating step starts
generating the setected addresses of the specific waveform 25 portion at a
poi-nt where a phags:fls HeltrapRvAf orm data read out on the basis of the

read addresses a phase of the waveform data desi gnated
by the sel ect edTHH'[ :
193 - roduci ng_aj gavef orm on the basis of the

wavef orm data read out by said readout step. 32. A machi ne-readabl e
storage nedi um containing a group of i nstructions for causing said
machi ne to paiidreecon®t bhdnhel are reptputtedgby veadel oresdentig SEARE or m
menory having stored therein waveformdata of a plurality of waveform
portions, thrawhd seidodEinstpr chengelheangd effheofwaveform data,sat dgwhg

geferation of a tone; . designating a pitch of the tone; 10
gener ati ng d@ﬂ&@o%hévﬂé‘gcbﬁ?ﬁcﬂm’h\?%]@a‘%é? g‘P ?Eﬁ‘ﬂBﬁlﬁeg or qOIPHESHRY of

t he wavef orm port.i ons, eneratj ng read addresse anci a
race o Coetasiymtr Fae: hecatibRsuRs GhidFedtid TRTe it asa0 dte

i nstructing ner.at i of _ajtone. 5 . ' t ata
of the wave %ﬂ‘&oqﬁqogwssa-ld P??%?ﬁ‘éaﬁeé: t\/\llao\?e?: g’?%hggn%#%doéﬁ%?%g@%' t he
read addresses; conpari ng an advance of the readout |ocations
desi gnat ed on the basis or the control data with an advance of

| ocations o5 Of A NgH&agbreel SA&e1es atspPYsEagd step of generating
20 read addresses; selecting, on the basis of a result of the -
step of conpahidieh foxis RSy bavdngpetoked thereintweveformoiata of

a plural-cycle waveform;

a pitch designating section that designates a pitch of
a tone to be generated;

a waveform designating sectipn that designates, in
response to passage of time, discrete locations of the
waveform data to be i‘ead out from said waveform memory with
a time axis of the waveform data controlled to be stretched
or compressed, so as to identify first waveform data at
current locations and second waveform data at following
locations having been controlled to be stretched or compressed
relative to said first waveform data;

a readout section that reads out, from said waveform
memory, said first and second waveform data designated by said
waveform designating section, to output said first and second
waveform data through first and second channels, respectively;

a cross-fade synthésis section that executes cross-fade
synthesis such that a transfer occurs from one of said first
and second waveform data supplied through one of said first
and second chahnels to another of said first and second

waveform data; and -
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addresses

"portions to be next read out, so as to generate the-se#ee%ed

of the specific waveform portion at a point where %5 of th&
waveform data read out on the basis of the read ded

wi th a phase of the waveform data desi gnat ed by ddr esses;
and : - 194 - roduci ng
a wavef ormon the basis of the waveform daga- read out by said step of
readi ng out the waveform data. 33. A met hod of reproducing a

wavef orm usi ng a waveform menory havi ng stored therein waveform data
of a plurality ofa conhaedf wnitpdhato s teraiapmpietsicore @fprihe ngross-£fade

a tone-generation instructing step of instructing generation_of a

tone and destypEresdsSaly t SR1GF eFessohade SYntheSlsa §9§§19Prge%%'|’~5¥‘i’%§
ti me-varying_coptrol . dat rol an advance o adout, Iocatlons

of the wavef%%’rgrmtw?tﬁgnssald Waven%or% Safouatita sebEing dro
T B ead RSB e sy gecBd NEkEPaRh b tL il RAM L Gut But bSa

I’UC

readout st eppolel FAU 0L LUSIBNSLARLER'A Sk ene 15¢ f&omgeréﬁ&ns

fromsaid wa m nenory on read addresses;

a control Sté&b&ﬁd ERAnREES QEGQEQEBE‘B%an%%f@@¥“d§83 and Eﬁi'ﬁﬁbeﬁ@¥mng
a conpari son between an advance of virtual : wavef orm portion | ocations

desi gnat ed ogat&cabaséw mc&hﬂonaohaam@rlséeﬂaé@mmdadcvemes@fewu@c_ﬁorm
portion | ocations designated by the read addresses generated by said

addr ess oxyermmnmpraxsesi eredativel etos, tha tluediborms obfa sasdl tsedonde
. conparison, a specific one of the waveform portions to be next

waveform data are outputted by said readout section through
another of said first and second channels and also changes a

- cross-fading direction in said cross-fade synthesis section.

26. A tone generating device comprising:

a wavefofm.memory having stored therein waveform data of
a plural-cycle waveform;

a pitch designating section that designates a pitch of
a tone to be generated;

a control unit that designates, in response to passage
of time, discrete locations of the waveform data to be read
out from said waveform memory with a time axis of the
waveform data controlled, by said control unit, +to be
stretched or compressed:;

a waveform designating section that, in response to
designatibn by said control unit, designates a first part of
the waveform data at current locations and a second part of
the waveform data at locations following the current locations
when stretch of the waveform data is to be executed,

| designates the first part of the waveform data at current
R e T =
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read out, so as to performcontrol such that said address. 25 generating

step starts generating addresses of the specific waveform portion in a
next reproduction period; and a step qfls H@sd}ben laeedvvaveformon
t he basis of the

waveform data read out by said readout step.

machi ne-r eadabl e storage medi um cont ai ni n@ga-gr o I'Ns ruot i ons for

causi ng said machine to performa nethod for reprodu0| ng a waverorm
using a waveform nenory havi ng 5 stored therein waveformdata of a
plurality oflesgtionsmand ameconshpaniiaf WEhvavesApri dptg ahelacapions:
instructing generation of a tone; designating a pitch of the

t one; precg@h@g atthey QW% yLAGatIARE | WhER o QPRIGRTIQN aRE 1Bhe
fend " addr eggggg DoiebRgLsato pe ipctied) B Biiianates & vl BRRE
desi _gnat ed b v% vv% gr m%‘é tda‘l: 'ﬁtd’u"{%-te 1963 U Ogs %g.%s%:ogﬁd se%ond

r eadi ng out n vvave orm por rom sal

wavef orm ma"éé + Uk Wi BavkEd 3% BA%a" WRch Y %ftret h nor c é‘ééﬂ for
redet C

each of a p erm ned reproduction perio an a vance 0 I rtual
wavef or m poriéoeo pEeabk8Bited; designated on the basis of the t| me- varyi ng
control data and an advance of waveform portion | ocations designated

by the 20 read addressRsutgesectiof Bhatni flealigp ot JEA6HAlSaid Iwadeform
addr esses; and selecting, on the basis of a result of the step of
- conparing, amepecryfisaishe fdfrsttheandveaeferondophirdénsof o the nerveform rédata
. out, so as to generate addresses of the specific waveform
designated by said control unit at a rate correspondlng to the
pitch designated by said pltch designating section; and

a cross-fade synthesis section that executes cross-fade
synthesis such that a transfer occurs from said first part of

the waveform data to said second part of the waveform data.

27. A waveform data cross-fading method comprising:

a step of generating a plurality of cycles of first
waveform data;

a step of, at predetermined timing, starting generation
of second waveform data that has a same phase as said first
waveform data generated at_ said predetermined timing:

a step of génerating a first coefficient decreasing from
an initial wvalue of one to a final value of zero over a .
predetermined period and simultaneously generating a second
coefficient increasing from an initial wvalue of zero to a
final value of one over said predetermined period; and

a step of controlling a length of said predetermined

period to conform to a one-cycle length of said second

AR

waveform data.



25 portion in a next reproductlon peri od; and reproduci’ng a

wavef or m on thebasis of the waveform data read out by said step of
reading out fh QLKE &p T -
196 - n1generat|ng deV|ce conpri si ng: a
storage secti thereln wavef orm dat a of a plurality of
wavefornms arr series: =190 - a pitch designation section
t hat presents tone pltch 5 information designating a reproduced tone
pitch; a control information generation section that generates

control |nf@ﬁnatl@nW@¥QﬂQR?(iﬁﬁrqqqﬁ}Q91QQﬂ9QEﬁﬁQ?QF1§%QﬁVen
variation rate that is unrelated to the reprodyced t t 10
a reproduction s@ct"ﬁaéfﬁﬁ"ﬁ& ﬂ‘&?“ﬁ’&yagf’lgéﬂg 95%# %he’f%gl? Avgﬂjrne%u? ataa%qf

S out
wavef orm data from.sgi Qrage. secti o response to the contro

i nf or mat i on SamduERH ru? WP torm prﬁ(ﬁg%ﬁlon and at a given readout rate
unrel ated to said, ¢, ﬁ@h@&h%guhatﬁ%rﬁ@ﬁ Ngbeh 1 LA CERRE | Qs tiécts

reproduction 15° séc reproduci ng the wave orn1data read out by said
readout geif %&Iat%x@toé fhe L %%é%ﬁé & FOEdESPPNEhegtdResai d

pi tch information. A waveform generating device as recited in
claim 35 V\hlachsééizibﬁr ﬂf&mrgéﬁératéﬁntddﬂtxdﬂl adatapltp seochtpal an

wherein 20 said control data supply section supplies control data to said
control i nf gidwince o mMEaiduly kredtiongd £ hdrgavdavefomm i porbions; rate of
the control information, and wherein said control I nformation

gener ation sectlcan(ﬂ&quQSSruganﬂraﬂing1rSﬁQikﬁn that generates read

addresses advancing at a rate corresponding to the pitch
designated by said tone-generation instructing section;

a readout section that reads out the waveform data of
the waveform portions from said waveform memory on the basis
of the read addresées;

a control unit that makes a comparison between an-
advance of the readout locations designated on the basis of
the confrol data and an advance of locations of the réad
addresses generated by said address generating section and
selects, on the basis of a result of the comparison, addresses
of a specific one of the waveform portions to be next read
out, so as to perform control such that said address
generating section starts generating the selected addresses
of the specific waveform portion at a point where a phase of
the waveform data read out on the basis of the read addresses
coincides with a phase of the waveform data designated by the
selected addresses; and

a section that reproduces a waveform on the basis of the

waveform data read out by said readout section.
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the control information in accordance with the control data 25 supplied

via said control data supply section.

- 197 - 37. A waveform generating device &isShecHis®den Riphledi M36
an

wherein said control information generation sectio
arithnetic operator and controls an inclination of ro
In

I nformati on generated by said arithneticjepecator nce with
the control data supplied via said control data supply section
38. A waveform generating device as recited in claim35 wherein said

readout sect2%n r eAdwavefozmwaeproducingndevice comprligdngg at | east one
wave cycle present at a tinme position 10 indicated by the control
information, in c@cVaveEQrpueeeRy hpving stonsd thexein warefrrs datroff and
at a given readout rate unrel ated to the variation rate of the control
i nfor mat i on.@ Pluralxgy °fAWRHGQPBWnPPE§EBBﬁétion devi ce conpri si ng:
a storage section_that stores thereinnm%vef ,m dat a_of 1% a.tone th

g at

vi brato irrparted Bhe eo-;generatlon | e éngecﬁ?%*ﬁl?rh h?é:t slﬁserCts
vibrato | LRL-SEOMRNLe o toflh bHY WAKTEARRLAARITAR LEORNECUTEH, and

a reproducti®dn sect1on repea y repr ces | 'o0p segrent set

by said setting sgCli@tion wtht ‘GenerdtdsVeinbm aepiAguUon¥roAe\dLEa 860 -
recited in claim 39 wherein said storage section prestores therein

segment coftfsIbtENadvdheat iof deddiait OLEca€YBRBt ot ORBeW Wavé Férm
wavef orm data, and said setting section sets the | oop segnent from
anong the wapetoiomsiata in accordance with the

an address generating section that generates read
addresses advancing at a rate corresponding to the pitch
designated by said tone-generation instrusting section;

a readout section that reads out the waveform data of
the waveform portioﬁs from said waveform memory on the basis
of the read addresses; |

a control unit that,sfor each predetermined reproduction
period, makes a comparison between an advance of wvirtual
waveform portion locations designated on the basis of the
control data and an advance of waveform portion locations
désignated by the read addresses generated by said address
generating section and selects, on the basis of a result of
the comparison, a specific one of the waveform portions to be
next read out, so as to perform control such that said

- address generating section starts generating addresses of the
specific waveform.portion in a next reproduction period; and

a section that reproduces a waveform on the basis of the

waveform data read out by said readout section.

30. A waveform reproducing device as recited in claim 28 or

e
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41. A maveiggg1 od ctiop device as recited in clafn139 wher ei n
sai-d reproduc Cel Hak Bekn 8 | ulles: a position information
generation s sequentially generates position information,

said positio on sequentially varying at an optionally-set
variation rate to designate a position-im2he wavef orm data accordi ng
to an advance along a time axis; a reproduction pitch designation
section that designates a reproduction pitch; ang 10 a
wavef orm r @9 sbexeisn onse@f dhe mayeform, porfdons selectgd ab,onf "%
the reproduction pitch designated by said . __reproduction git%g
de§ignationaﬂﬂnﬁﬂﬂihQRﬁﬁﬁ;éhﬁ yage fBPRELons %ﬁgﬁc tlafigxk: SR ORE
posSition indicated by th 0si tion information to thereby reproduce a
waveform % ﬁ?rqﬂfﬁécgﬁ I R Wruct i on devi ce as reci¥ed Pn claim
41 + wherein said position information generation section
sequentially generates the position information in such a manner t hat
once the pogijtion pnfpiyfld 09’ papP8ausEing @ RAlvVEform udingha hespefoagment
by advancing in the loop segnment in a 20 forward direction along the
time axis, pduffry MASHidPBtored tHediR ivaive fioTs detek dfo aa piterdl iy mif of
t he | oop segnent and agai n advances in the forward direction.
43. A vaveifididian gattithgle wsaid amethod i comprising: a control register
storing pitch information and 25 stretch/conpression information;

a tone-generation instructing step of instructing

generation of a tone and designating a pitch of the tone;
a step of generating control data to control an advance
of feadout locations of the waveform portions;

 an address generating step of generating read addresses
advancing at a rate corresponding to the pitch designated by
said tone-generation instructing step:;

- a feadout step df reading out the waveform data of the
waveform portions from said waveform memory on the basis of
the read addresses; |

a control step of making a comparison between an advance
of the readout locations designated on the basis of the
control data and an advance of locations of the read addresses
generated by said address generating step and selects, on the
basis of a result of the comparison, addresses of a specific
one of the waveform portions to be next read out, so as to
perform control such that said address generating step starts
generating the selected addresses of the specific waveform
portion at a point where a phase of the waveform data read
out on the basis of the read addresses coincides with a phase

of the waveform data designated by the selected addresses; and

AU




a menory coupled to said control register, wherein said
menory is adapted to store waveformdata of a plurality of wavef or s

arranged. in %igghe@m&mﬁ@gad wherein said nenory is adapted to

receive said pi n fromsaid control regi ster; 5 a
processor coupl
adapted to rec rmati on anRdl93 - stretch/ conpression

trol register, wherein sai d processor is
informati on fromsaid control register, and wherein said Processor
generates control information desi gnating_a virtual readout agdr?Ps
varying over tinm@ ostemeoflFepraducing 2 (VHRREQER; oP M R2S1HaPT; Lhe
unrelated to the reproduced tqne pitch; apd a waveform data
readout sectiaiefosmpdata Fead PHe k¥ y’pal r%ﬁéo‘é%isdt‘?ﬁbcessor, wher ei n
saird waveform data readout section reads out tne waveformdata from
said nmenory according to said 15 control information received fromsaid

Processsor. A fhchindSdihile JRRRAINY mid St iRiP a5 gFloud

r eadout 32’f'rom a Wwaveformmenory having s oreéﬁt erein vvavggts)rm data of

a plural - cyqle ;yanhel AiTlonifict BPLBBEraAMebl b Nikddersd o Picomifker for
storing waveformdata of a plurality of waveforns arranged in a tinme
series; reprodu¢dfig) 2 e e Uil d Miaiefirn memiye havialg \wtoreda
reproduced tone Pitch; generating control information varying
over tinme orHdrein?Swavwetormoflatagiofera \plurdlity raf ewalveform momdligmesd t o
t he reproduced tone pitch: and readi ng out the waveform data
in response said wediamt redmprisingd ormati on and the tone pitch information,

at a given readout
tone-generation instructing means for instructing

generation of a tone.and designafing a pitch of the tone;

means for generating control data to control an advance
of readout locations of the waveform portions;

address generating means for generating read addresses
advancing at a rate corresponding to the pitch designated by
said tone-generation instructing means;

readout means for reading out the waveform data of the
wavgform portions from said waveform memory on the basis of
the read addresses;

control means for making a comparison between an advance
of the readout locations designated on the basis of the
contrél data and an advance of locations of the read addresses
-generated by said address generating means and selects, on the
basis of a result of the comparison, addresses of a specific
one of the waveform portions to be next read out, so as to
perform control such that said address generating means starts
generating the selected addresses of the specific waveform
portion at a point where a phase of the waveform data read

out on the basis of the read addresses coincides with a phaSe
S

) ) A NV



- 200- rate unrelated to the said variation rate of the control
information, and at the reproduced tone pitch corresponding to-sai d

toné pitch infornation. 45. A waveform repraduction de Lge I
‘conpri si ng: 5 a nenory adapted to store vvaI mﬂnﬁﬂm" *

i'

L

plurality of wavefornms with vibrato character “to at

| east one segnent thereof; - 19a proces sai d
menory, wherein said processor designates a vibrato-inparted segnent
of the 10 waveformdata as a | oop segnent; and a waveform data
readout sectobrthwaveform date desbgnated byrkhes sedegitedecaddresanss cand
sai d waveform data readout section =~ - repeatedly reads out said | oo
segment desi gnat elleppss&ioF reprofuringop. waveformmn the bagdig Gf the
repr oduci ng-a wayeform usin wavef orm nmory having stored therein
wavef or m dat %@¥eErp| date; ¥ a§f°“t meﬁ?éFoFﬁgEBPFiBﬁ??ssaid met hod
conprising the steps of: I nparting vibrato characteristics to at
| east one segnent of waveformdata for a plurality of waveforns; 20
storing sai vef ; ' t] I-b - I

segnent of ?%%@wavgl* gtpgn%ad ggt a efsroéi u:i%%{ﬁp rs]%gtr%ég??og}rr{dqgjﬁg’ @%éfggﬂg
out repeat edhdmSAy InadPPRg SEBHBES - therein waveform data of a plurality of

waveform portions; said method comprising:

a ‘tone-generation instructing step of instructing
generation of a tone and designating a pitch of the tone;

a step of generating time~varying control data to
control an advance of readout locations of the waveform
portions;

an address generating step of generating read addresses
advancing at a rate correspbnding to the pitch designated by
said tone-generation instructing step;

a readout step of reading out the waveform data of the
waveform portions from said waveform memory on the basis of
the read addresses;

a control step of, for each predetermined reproduction
period, making a comparison between an advance of virtual
waveform portion locations designated on the basis of the
control data and an advance of.waveform portion locations
designated by the read addresses generated by said address
generating step and selects, on the basis of a result of the
comparison, a épecific one of the waveform portions to be next
read out, so as to perform control such that said address
generating step starts generating addresses of the specific

waveform portion in a next reproduction period; and
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a step of reproducing a waveform on the basis of the

waveform data read out by said readout step.

34. A machine-readable recording medium containing a group
of instructions of a program to be executed by a computer for
reproducing a waveform uéing a waveform memory having stored
therein waveform data of a plurality of waveform portions,
said medium comprising:

tone-generation instructing means for instructing
generation of a tone and designating a pitch of the tone;

| means for generating time-varying control data to

control an advance of readout locations of the waveform
portions:;

address generating means for generating read addresses
advancing at a rate corresponding to the pitch designated by
said tone-generation instructing means;

readout means for reading out the waveform data of the
waveform portions from said waveform memory on the basis of
the read addresses;

control means for, each predetermined reproduction
period, making a comparison between an advance of.virtual
waveform portion locations designated on the basis of the
control data and an advance of waveform portion locations
designated by the read addresses generated by said address
generating means and selects, on the basis of a result of the
comparison, a specific one of the waveform portions to be next
read out, so as to perform control such that said address

generating means starts generating addresses of the specifid
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waveform portion in a next reproduction period; and
means for reproducing a waveform on the basis of the

waveform data read out by said readout means.
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