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\SQVPUTERI ZED MUSI C APPARATUS PROCESSI NG VAVEFORM TO CREATEiéJN

- EFEERT BACKGROUND -OF THE | NVENTI ON The present invention
reI at es to a nmusi cal tone generating

1

COMPUTERIZED MUSIC APPARATUS PROCESSING
WAVEFORM TO CREATE SOUND EFFECT

- _BACKGROUND OF THE INVENTION

The present invention relates to a musical tone generating
apparatus for reaﬂiﬁg out waveform data stored in a digita,_l .
memory to generate a musical tone using the software. The
present invention also relates to a musical t(‘)"‘i'ie}‘generating ap-
paratus for processing waveform data inputted in real time
using the software. In particular, the invention relates to a
musical tone generating apparatus capable of applying a filter
process, a pitch process or a scré,tch process to the generated
musical tones while a number of the musical tones is reduced as
compared to normal genefation or reproduction of the musical
tones. Further, the p'reSent invention relates to a musical tone
generating apparatus capable of achieving a scratch effect in a
pseudo fashion.

A software sound source has been known, wherein wave-
form data sémpled from original musical tones is stored in a
storage device in é,dvance. The stored waveform data is read

-7 oub by a softwa,re or program in response to operation of a
| manual 1mplement However, the conventional software sound

source is functionally fixed and therefore has rather limited
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apparatus for reading out waveformdata stored in a digital nenory to

" genefate a nusical tone using the software. The present invention also
relates to a nusical tone generating ap- paratus for processing waveform
data inputted in real tinme using the software. In particular, the invention
relates to a nusical tone generating apparatus capable of applying a filter
process, a pitch process or a scratch process to the generated nusi cal

tones while a nunper,of the sical tenes is reguced as conpared,tao nornal
generation or FRBHCAIATSG AT DR RETEHRANGRes INFERGHHLr Yerke o bight

I nvention relates, to a nusical, tone generating, apparatus capabl e of

achi eving a sdpekiormanee sound,SPUECR| 26:b 8¢ leTanded, WhIEh $a8nHMsour ce
has been known, wherein wave- formdata sanpled from original nusical tones

is stored i n apartovagiows effects sualy asca. dipitalstone colay dilbem peacesss read
aﬁd a scratch effect to a musical tone. Scratch is originally a
technique for producing a special effect tone by forcibly moving
an analog record diék by hand while the record disk is driven
on a turntable, so as to change a replaying speed irregularly.
The scratch is originally the special technique using the analog
record disk. There has been no digital musical tone generating

apparatus which realizes such a scratch effect.

SUMMARY OF THE INVENTION

In a musical tone generating apparatus which reads out
waveform data stored in a digital memory to generate musical
tones using software, an object of the present invention is to
achieve extended performance which could not be realized by
the conventional software sound source so as to apply various
processes and effects to the musical tones while the number of
the generated musical tones may be saved. Further, in a musi-
cal tone generating apparatus which directly outputs waveform
data inputted in real time, an object of the present invention
is to achieve high performance which could not be realized by
the conventional software sound source so as to apply various

processes and effects to the externally inputted waveform data.

AAMTEN

.
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out by a software or programin response to operation of a manual

I npl #rent. However, the conventional software sound source is functionally
fixed and therefore has rather limted

2 applications and poor performance. In recent years, a high performance
sound source has been demanded, which ca& im part various effects such as
a digital tone color filter process

Moreover, it is an object of the present invention to realize a
scratch effect in a pseudo fashion in a musical tone generating
apparatus which reads out waveform data stored in a digital
memory or which directly outputs waveform data inputted in
real time.

According to a first aspect of the invention, a computerized
music apparatus is installed with a program which is executed
to perform reproduction of a musical tone by reading out a
corresponding waveform. The computerized music apparatus
cbmprises storage means for storing a plurality of waveforms
corresponding to different musical tones, each waveform being
stored in the form of a sequence of amplitude value data ar-

" ranged at a given sampling period, designating means for des-
ignating at least one of the stored waveforms to cdmmand re-
production of a corresponding one of the musical tones, switch-
ing means operable by a user for switching the reproduction
of the musical tone between a normal mode and an optional
mode, and reproducing means allotted with relatively high
performance under the normal mode for concurrently reading
out a number of the designated waveforms from the storage
means according to the program so as to concurrently repro-
duce the number of the corresponding muéical tones, otherwise
the reproducing means being allotted with relatively low per-

formance under the optional mode such that the number of
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and a scratch effect- to a musical tone. Scratch is originally a technique
for yproducing a special effect tone by forcibly moving an anal og record

di sk by hand while the record disk is driven on a turntable, so as to
change a replaying speed irregularly. The scratch is originally the special
techni que using the anal og record di sk.4There has been no digital nusical

tone generating apparatus which realizes such a scratch effect.
SUMMARY OF THE | NVENTI

In a nusical tone . gengratiyn ar at whi ch
reads out wav f%r’fﬁﬂ& qﬁsegopﬁugeaﬁsgytrgprﬂgﬁgﬁa Pgdﬁgntgfegpg%rﬁj}i ca: :
tones using software, an ohject of the_present inyentjon is t '
ext ended per f mod@ds medf:@m@mb@r%pﬁoeﬁﬁ@’&éﬁl@ H}@ Iél tr?lg &

sof tware sound source so as _to apply various . .
while the reproducing means is allotted with additional per-

formance under the optional mode for digitally processing the
designated waveform to impart a specific sound effect to the
reproduced musical tone according to the program.

In a specific form, the switching means comprises means ‘
switchable between the normal mode and a filter optional mode
such that the reproducing means operates under the filter op-
tional mode for digitally processing the designated waveform
by filtering to impart the specific sound effect such as to mod-
ify ‘a timbre of the reproduced musical tone. In another spe-
cific form, the switching means comprises means switchable
between the normal mode and a pitch optional mode such that
the reproducing means operates under the pitch optional mode
for digitally processing the designated waveform by changing
reading speed of the designated waveform to impart the spe-
cific sound effect such as to modify a pitch of the reproduced
musical tone. In such a case, the computerized music appa-
ratus further includes pitch specifying means operable by the
user for specifying a.- pitch of a musical tone to be reproduced
sd that the reproducing means operates under the pitch op-
tional mode to ‘impart the pitch specified by the pitch spec-

ifying means to the reproduced musical tone. Moreover, the
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processes and effects to the nusical tones while the nunber of the
genetated nusical tones may be saved. Further, in a nusi- cal tone
gener ati ng appar atus whi ch dlrectly out puts maveforn1data i nputted in real
time, an object of the present invention is to achieve high performance

whi ch could not be realized by the convéntional software sound source so as
to apply various processes and effects to the externally inputted waveform

data. designating means and the pitch specifying means comprise a
common implement manually operable by the user such that
the common implement is used as the designating means for
designating the waveform under the normal mode while the
common implement is used as both of the designating means
for designating the waveform and the pitch specifying means
for specifying the pii;ch of the musical tone corresponding to
the designated waveform. )

In a further specific form, the switching means comprises
means switchable between the normal mode and a scratch op-
tional mode such that the reproducing means operates under
the scratch optional mode for digitally processing the desig-
nated waveform by irregularly changing reading addresses of
the designated waveform to impart the specific sound effect
such as to scratch the corresponding musical tone. In such a
case, the computerized music apparatus further comprises a
scratch implement manipulated by the user to input scratch
operation so that the reproducing means operates under the
scratch optional mode for changing the reading addresses of
the designated waveform according to the inputted scratch op-

- eration. | |

In a second aspect of the invention, a computerized mu-

sic apparatus is installed with a program which is executed

to perform reproduction of a musical tone by reading out a
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Moreover, it is an object of the present invention to realize a scratch
effegt in a pseudo fashion in a nusical tone generating apparatus which
reads out waveformdata stored in a digital nenory or which directly
out puts waveformdata inputted in real tine. According to a first aspect
of the invention, a conputerized nusic gpparatus is installed with a
program whi ch is executed to performreproduction of a nusical tone by
readi ng out a correspondi ng wavef ormJhe co terized nusi c_apparat us
conpri Ses st o GeHRARAING Wavearmy TBe F i begizer PRt 2PDRAE S ondi ng
. to different nusical tones, each waveform bei.n ored jn the formof a
sequence of afSNPEREsS HaTaggameans 95&&2%’1%1{0%&%& \ﬁzﬁr%a inlBr tY od,

desi gnati ng neans for, des- ignating at |east one of the stored wavefornms to
command re- of waveforms corresponding to different musical tones, e

waveform being stored in the form of a sequence of amplitude
value data arranged at a given sampling period, designating
means for designating at least one of the stored waveforms to
command reproduction of a corresponding one of the musical
tones, receiving means for receiving a fresh waveform in real |
time basis when the fresh waveform is inputted from an exter-
nal source, switching means operable by a user for switching
the reproduction of the musical tone between a normal mode
and an optional mode, and reproducing means operative under
the normal mode for reading out the stored waveform desig-
nated by the designating means from the storage means ac-
cording to the program so as to reproduce the musical tone
corresponding to the designated waveform, otherwise the re-
producing means being operative under the thiona.l mode for
suspending or stopping the reading of the stored waveform des-
ignated by the designating means and instead for processing
the fresh waveform received by the receiving means so as to re-
produce the musical tone corresponding to the fresh waveform
such that a specific sound effect is imparted to the reproduced
musical tone according to the program. In a specific form, the

reproducing means includes filtering means operative under
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production of a corresponding one of the nusical tones, switch- ing neans
operable by a user for swtching the reproduction of the nusical tone

bet ween a normal node and an optional node, and reproducing neans allotted
with relatively high performance under the normal node for concurrently
readi ng out a nunber of the designated waveforns fromthe storage neans
according to the progranlso as to concurrently repro- duce the nunber of

11 ot ted wi t h Wi epitveRgl Fapiclor PEoHERBE e i efte WRTFIORER 1M dbgsuch

that the nunb%q;almcﬁltermg to thereby impart the specific sound effect such
as to modify a timbre of the reproduced musical tone. In an-
other specific form, the reproducing means includes scratching
means operative under the optional mode for irregularly pro-
cessing the fresh waveform to thereby impart the specific sound
effect such as to scratch the reproduced musical tone. In such .
a case, the computerized music apparatus further comprises a |
scratch implement manipulated by the user to input scratch
operation so that the scratching means operates according to
the inputted scratch operation for irregularly changing reading

~ addresses of the fresh waveform which is temporarily stored

after the same is received by the receiving means to thereby
scratch the reproduced musical tone.

In a third aspect of the invention, a music apparatus repro-
duces a musical tone by reading out a corresponding waveform
according to a variable reading address so as to introduce a
scratch effect into the reproduced musical tone in respoﬁse to
touch action. The musical apparatus comprises storage means
for storing a waveform in the form of a sequence of amplitude
value data arranged at a given sampling period to represent
a corresponding musical tone, a detecting implemén_t having a
length to receive the touch action for detecting a point of the

touch action along the length and for outputting a positional
-
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4 the nusical tones concurrently reproduced under the optional node is
reduced as conpared to that under the normal node while the reproduci ng
nmeans is allotted with additional per- formance under the optional node for
digitally processing the designated waveformto inpart a specific sound
effect to the reproduced nusical tone adcording to the program In a
specific form the sw tching means conprises neans sw tchabl e between the

o el o i SRRl T e FGRRSRE B T
et o a. " Tetoleving means for periodially retrievig the postional value
outputted from the detecting implement to monitor the touch
action, and reproducing means for variably determining each
reading addréss accdrding to the retrieved ones of the posi-
tional values and for successively reading out the waveform
from the storage means according to each determined reading
‘address so as to reproduce the corresponding musical tone with ..
the scratch effect. Characterizingly, the reproducing means
comprises means operative when the touch action is initiated
for starting to read out the waveform from a predetermined
start reading address, and being operative during the course
of the touch action for continuing to successively read out the
waveform according to each determined reading address. Fur-
ther, the retrieving means comprises means for differentially
processing the periodically retrieved positional values to com-
pute a velocity of the touch action, and the reproducing means
comprises means for determining a variable number according
to the velocity of the touch action and for accumulating the
variable number to a preceding reading address to determine a
succeeding reading address. Moreover, the storage means com-
prises means for storing a waveform which is inputted from an
external source in real time basis, and the reproducing means

comprises means operative when the touch action is not com-
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ify a tinbre of the reproduced nusical tone. In another spe- cific form
the switching neans conprises neans sw tchabl e between the nornmal node and
a prtch optional nmode such that the reproduci ng neans operates under the
pitch optional node for digitally processing the designated waveform by
changi ng readi ng speed of the designatedgwaveformto inpart the spe- cific
sound effect such as to nDdlfy a p|tCh of the reproduced nusical tone. In

such a case, the co erize a us f t her i.ncl ydes pitch
apeci Ty ng. meceniseer b pubpibTE S HhBttel sravel ﬂgr%aﬁ.l{caﬁ"c M cal
tone to be re&ioducg so t hat the repr.od CI ng neans er at es r t he
pitch op- tio VCedb QQIW?@@E 1RE NP8 topeawit hﬂiﬂb € Berdh c-

i fying means to the reproduced nusical tone. Mreover, the
and being operative when the touch action is commenced for

stopping the storing and outputting of the waveform and in-
stead for successively reading out the waveform from the stor-
age means according to the variable reading Iaddresses to re-
produce the corresponding musical tone with the scratch effect.
Preferably, the storage means has a memory capacity sufficient |
to store a complete data volume of a fresh waveform newly in-

putted from the external source in real time basis.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural block diagram of a sampler as an em-
bodiment of a musical tone generating apparatus according to
the present invention.

Figs. 2(a)-2(e) are diagrams showing various working re-
gions in the sampler of Fig. 1.

Fig. 3 is a flowchart of a general routine.

Fig. 4 is a flowchart of a mode SW event routine.

Fig. 5 is a flowchart of a sampling mode start process MS(1).

Fig. 6 is a flowchart of a scratch mode start process MS(4).

Fig. 7 is a flowchart of an on-event routine (mode m =
0,2,4).

Fig. 8 is a flowchart of another on-event routine (mode m =
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5 dEsignating means and the pitch specifying neans conprise a comon

| npl emrent manual | y operable by the user such that the common inplenent is
used as the designating neans for designating the waveform under the nornal
node whil e the common inplenent is used as both of the designating neans
for designating the waveform and the pppch specifying nmeans for specifying
the pitch of the nusical tone corresponding to the designated waveform

3).

Fig. 9 is a flowchart of a ribbon controller detection value
retrieving routine RC(m) (m = 2, 5).

Fig. 10 is a flowchart of another ribbon controller detection
value retrieving routine RC(m) (m = 4,6).

Figs. 11(a)-11(c) are flowcharts of waveform processing rou-
tines HS(m) (mode m = 0,2, 3).

Figs. 12(a)-12(c) are flowcharts of waveform processing rou-
tines HS(m) (mode m = 4, 5,6).

Figs. 13(a) and 13(b) are flowcharts of subroutines “normal
n” and “pitch 2”.

Fig. 14 is a flowchart of a scratch process and an EX scratch
process.

Fig. 15 is a flowchart of a DR(m) routine (mode m = 1, 5, 6).

Fig. 16 is a flowchart of a DP routine.

Figs. 17(a) and 17(b) are diagrams showing timings of re-
production and recording of waveform data.

Figs. 18(a) and 18(b) are diagrams showing examples of
conversion from velocity VEL to scratch F number SFN.

Fig. 19 is a schematic block diagram showing another em-

bodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, embodiments of the present invention will be
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In a further specific form the switching neans conprises nmeans sw tchabl e
bet ween the normal node and a scratch op- tional nbde such that the
reproduci ng means operates under the scratch optional node for digitally
processing the desig- nated waveform by irregularly changi ng readi ng
addresses of the designated waveformtai npart the specific sound effect
such as to scratch the correspondi ng nusical tone. In such a case, the

conput eri zed nusi c apparatus furth conpr.i s a scratch inpl enment

nani pul at ed byePF%geé&eﬁh? GOFﬁ?ﬁHO%ﬁhﬁ Eﬁ?‘%}ﬁ@fip}l&n so that the reproducing
means operates under the scratch optional, node fqr changing the.readin
addresses of theTgestléﬂ@E é@%@@ﬁ@‘?ﬁsa%c%mrnﬁlq 5@%&86@6‘5&1&%& chgop-

eration. In a second aspect of the inventjon, a conputegrized mi- sic
apparatus is itimealihbermipthon gir a@iven wiinshintervaktat AP0l By

means of the timer interruption, the CPU 101 executes various
processes such as retrieving a detection value of the ribbon
controller 106 at a given time interval.

The ribbon controller 106 is an operating implement ma- '
nipulated by a user to perform scratch operation or else. The '.
ribbon controller 106 is a coordinate detecting device Which
has a linear member of a finite length and which outputs a co-
ordinate of a position where a finger or a rod touches the linear
member. The ribbon controller 106 features that its operation
can be commenced at an arbitrary position. The ribbon con-
troller 106 outputs a default value while no touch action with
the finger or the rod occurs, and otherwise outputs & coordi-
nate position value when the touch action occurs. Thus, it can
be determined from the detection value whether the ribbon
controller 106 is operated or not, that is, whether the touch
action with the finger or the rod occurs or not. Namely, the
detecting implement has a length to receive the touch action
for detecting a point of the touch action along the length and
for outputting a positional value corresponding to the detected
point of the touch action.

The pads 107 constitute another operating implement ma-
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to 6érforn1reproduction of a nusical tone by reading out a

6 correspondi ng waveform The conputerized nusic apparatus conprises
storage neans for provisionally storing a plurality of waveforns
corresponding to different nusical tones, each waveform being stored in the
formof a sequence of anplitude value dh8a arranged at a given sanpling
period, designating

nipulated by the user to control the tone generation. Specif-
ically, a set of the ten pads 107 are provided. The recording
or sampling of an original musical tone can be achieved by
designating one of the ten pads 107. In reproduction of the
recorded tones, a particular one of the pads 107 is tapped by
the user so that the waveform data recorded corresponding to
that pad is read out and replayed. Instead of tapping or setting
~on the pad, it may be arranged to perform the tone reproduc-
tion by receiving note-on data of a MIDI (musical instrument
digital interface) signal. The pads 107 constitute designating
means for designating at least one of the stored waveforms to
command reproduction of a corresponding one of the musical
tones. |
The display 108 is provided for displaying various setting
information. The panel switch (SW) 109 is a switch group
provided on a panel of the sampler for the user to perform var-
ious setting operations. The.pa,nel switch 109 includes various
switches such as a mode change-over switch which constitutes
switching means for switching the tone reproduction betv}een
a normal mode and one of various optional modes.
The Fs clock generator 110 generates a sampling clock of
a frequency Fs fed to the sound I/O 112. The sound I/O
112 is constituted by an LSI called CODEC. The sound I/O
112 has an analog-to-digital (A/D) conversion function and a
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meanis for designating at |east one of the stored waveforns to command
reproduction of a correspondi ng one of the nusical tones, receiving neans
for ;receiving a fresh waveformin real tinme basis when the fresh waveform
is inputted froman exter- nal source, sw tching means operable by a user
for switching the reproduction of the mugical tone between a normal node
and ‘an optional node, and reproduci ng neans operative under the nornal node

for reading out the stored wayeform desig- najed t he designai nmeans
fromthe stor aljgitedeisanalog 13f A9 C@nVﬂgSIQIlo Iéﬁiﬁ%ﬁ-a he Spgléﬁnﬁ t he
nusi cal tone corresponding to the designated waveform otherw se the re-
produci ng nearisl ddiasy anpek ADi vepubderminalopt i which anlanalogs nepsical ng or
stoppi ng the reading of the stored waveform des- ignated by the designating
means and i nstiea bigndlr hgsstied ftdm hneeRtermalf sourceeddilvisiregeivied,

recei ving neans so as to re-

and a D/A output terminal to which a sound system 114 is
connected. The sound I/O 112 has a function of compressing
waveform data which is obtained by converting the received
analog musical tone signal from the external source 111 into ,
digital data through the A/D conversion function. The wave-
form data is compressed according to the ADPCM (adaptive
differential pulse code modulation). Further, the sound I/O
112 has another function of performing ADPCM expansion to
the waveform data which is D/A converted and outputted to
the sound system 114 through the D/A output terminal. In the
embodiment of the invention explained here, only the ADPCM
compression is actually performed at the sound I/O 112, and
the ADPCM expansion is performed by execution of a given
software by the CPU 101.

The sound I/O 112 is provided therein with two FIFO (first
in first out) stack regions. One of them is an input FIFO
for holding digital waveform data inputted via the A /D input
terminal, and the other is an output FIFO for holding digital
waveform data outputted via the D/A output terminal. The
sound I/O 112 ¢onstitutes receiving means for receiving a fresh

waveform in real time basis when the same is inputted from
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produce the nusi cal

to the program In a specific form the reproduci ng neans i ncl udes
filtering neans operative under

opti onal

thereby inpart the specific sound effect such

the external soufée 111.

Hereinbelow, input/output operations of the sound I/0O 112
using the input FIFO and the output FIFO will be briefly
explained. An analog musical tone signal inputted to the A/D
input terminal of the sound I/O 112 from the external source

111 is A/D converted in response to the sampling clock of

the frequency Fs, and is then written into the input FIFO

(ADPCM compressed if necessary). When the waveform data
exists in the input FIFO, the sound I/O 112 outputs a demand
for processing the input waveform data to the DMA controller
113. In response to the process demand, the DMA controller
113 transfers the data of the input FIFO to a recording buffer
region prepared in the RAM 104. This data tra,l_:Lsfer by the
DMA controller 113 is performed such that the DMA controller
113 executes an interruption operation relative to the CPU 101
every sampling clock Fs so as to hold the bus line 115. The
CPU 101 is unconscious of the holding of the bus line 115
by the DMA controller 113. The foregoing transfer process
of the waveform data by the DMA controller 113 during the
recording of the musical tone will be described later in detail
with reference to Fig. 15.

On the other hand, When the waveform data exists in the
output FIFO of the sound I/0O 112, the waveform data in the
output FIFO is D/A converted every sampling clock Fs, and
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nmode for processing the fresh ygveformby dig- ital filtering to



as to nodify a tinbre of the reproduced nusical tone. In an- other specific
form the reproducing neans includes scratchi ng neans operative under the
optizonal node for irregularly pro- cessing the fresh waveformto thereby

i npart the specific sound effect such as to scratch the reproduced nusi cal
tone. In such a case, the conputerized ygisi c apparatus further conprises a
Sﬁratcﬂ inplenERt mani pul ated by the user to input scratch operation so
that the scratchi means operates according.to th utted scratch
operation for i$ rswlgutarﬂye soangl systeanildd g[dl@lrﬂ&ig/gf égﬁniavef orm
which is tenporarily stored after the sane is received b the rece|V|ng
means to theretl s thiaththdenusivabdonsdisnesnitdedt oWehen tihe avaveformaspect
of the invention, a music apparatus repro- duces a nusical tone by reading

?gt | ﬁt fgangpgmﬂanaf wheebatpub dCIFO hoouspatved, shere isadrognaddriiss so as
output FIFO so that the sound I/O 112 outputs a demand
for obtaining another waveform data to the DMA controller
113. The CPU 101 generates in advance waveform data to be
outputted, then stores the generated waveform data in a re-
production buffer on the RAM 104, and outputs in advance a
demand for reproducing the waveform data to the DMA con-
troller 113. The DMA controller 113 executes an interruption
operation évery sampling clock Fs relative to the CPU 101 so
as to hold the bus line 115 and transfers the waveform data
stored in the reproduction buffer of the RAM 104 to the sound
I/O 112. The CPU 101 is unconscious of the transfer of the
waveform data by the DMA controller 113. The waveform data
written in the output FIFO is, as described above, sent to the
sound system 114 every sampling clock F's so that the musical
tone is emitted. The foregoing transfer process of the waveform
data by the DMA controller 113 during the tone reproduction
will be described later in detail with reference to Fig. 16.

Further, the sound I/O 112 has a function to directly trans-
fer the waveform data inputted at the A/D input terminal to
the D/A output terminal so that the musical tone signal from
the external source 111 is directly outputted to the sound sys-
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scratch effect into the reproduced nusical tone in response to touch
action. The nusical apparatus conprises storage neans for storing a

wavef ormin the formof a sequence of anplitude value data arranged at a

gi ven sanpling period to represent a correspondi ng nusical tone, a
detecting inplenment having a length to ggceive the touch action for
detecting a point of the touch action along the length and for outputting a

osi tional 8
P tem 114 as it is. Connection between the A/D input and the

D/A output is performed based on an instruction from the
CPU 101. Further, the CPU 101 is capable of cutting the di-
rect connection between the A/D input and the D/A output.

Next, basic operation of the sampler of Fig. 1 will be briefly
explained. The sampler has seven operation modes, that is; a
normal mode, a sampling mode and five optional modes includ; ’
ing a filter mode, a pitch mode, a scratch mode, an external ”

- input (EX) filter mode,. and an external input (EX) scratch
mode. These modes can be switched by means of the mode
change-over switch provided in the panel switch 109. Herein-
below, each mode will be eﬁcp’la,ined.

The normal mode is selected for replaying the recorded mu-
sical tone. In an initial state, the sampler is set the normal
mode. In the normal mode, when the user taps one of the ten
pads 107, the waveform data recorded corresponding to that
pad is read out from the storage by reproducing means com-
posed of the CPU 101 according to an installed program. In the
normal mode, up to four tones can be reproduced concurrently.
Specifically, four waveform data recorded corresponding to the
tapped four pads are replayed simultaneously. When the fifth
pad is tapped, the reproduced tone corresponding to the pad
first tapped is stopped and the waveform data corresponding
to the newly tapped fifth pad is réplayed.
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val ue corresponding to the detected point of the touch action, retrieving
means for periodically retrieving the positional value outputted fromthe
detecting inplenent to nonitor the touch action, and reproduci ng neans for
vari ably determ ning each readi ng address according to the retrieved ones
of the posi- tional values and for succegsively reading out the waveform

fromthe storage neans according to each determ ned readi ng address so as

Char act or | 2 ngl y Tt SoRbBRBALEATHE 6 Fele@np Lok SSCHRIRE Bptieshi Waehen t he
touch action is initiated for starting to read out the waveformfrom a
pr edet er mi ned form: Wéhwea thespanpling mmededs desigeated wsingrtheymeodecour se
of the touch action for continuing to successively read out the waveform
accordi ng to edrdngeioveriswitcheadtiengseridinndtafeously designates a pad
for recording. By this, the musical tone inputted from the
external source 111 can be recorded corfesponding to that des-
ignated pad.

In the filter optional mode, only two tones can be repro- ’
duced concurrently according to pad-on in contrast to the nor-
mal mode. Namely, the reproducing means is allotted with
high performance under the normal mode for concurrently read-
ing out at most four number of waveforms, and is allotted
with low performance in the optional mode such as the fil-
ter mode for concurrently reading out at most two number
of waveforms. Further, digital filter processing, specifically,

- low-pass filter processing is applied to those reproduced tones.
By operating the ribbon controller 106, the user can change
a cut-off frequency in the low-pass filter processing. Namely,
the reproducing means is allotted with additional performance
under the filter mode for digitally processing the waveform by
filtering to impart a specific sound effect to the musical tone
such as to modify timbre of the reproduced tone.

The pitch mode is selected for reproducing the recorded mu-

sical tone with'a desired pitch shift. In the other operation

modes than the pitch mode, the musical tone is reproduced
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ther, the retrieving neans conprises neans for differentially processing
the periodically retrieved positional values to com pute a velocity of the
touch action, and the reproduci ng means conprises neans for determining a
vari abl e nurrber according to the velocity of the touch action and for
accurmul ating the variable nunber to a pfgceding reading address to
determ ne a succeedi ng readi ng address. I\/breover t he storage nmeans com
pri ses neans for storjng wavef or m whi c tte an external
source in realdtt preopiginal pikeh (a1t dgr o ﬁﬂg &ds 8s
operative when the touch actlon I's not com

nated using the mode change-over switch, by simultaneously

operating one of the pads, the user specifies desired waveform
data to be replayed in the pitch mode. Thereafter, when the
specified one of the ten pads is set on, the designated wave-
form data is replayed with a specified pitch corresponding to
that pad. Only two tones can be reproduced concurrently in '
this mode. Although the pad for designating the waveform to |
be replayed is used commonly as the pitch specifying means,
the pitch specifying means may be provided separately from
the pad. The waveform is digitally processed under the pitch
mode by changing reading speed of the data such as to shift or
modify the original pitch of the corresponding musical tone.
The scratch mode is selected for realizing the scratch oper-
ation by the user. When the scratch mode is designated using
the mode change-over switch, the user simultaneously desig-
nates desired one of the pads. Wa,véform data corresponding
to that pad is subjected to the scratch operation. Thereafter,
by touching the ribbon controller 106, the waveform data starts
to be replayed. Further, by moving the touch position on the
ribbon controller 106, the tone is scratch-replayed. Further,
in this mode, apart from the scratch reproduction, only two
tones can be reproduced concurrently in the normal mode us-

ing the ten pads. The waveform is digitally processed under

-
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9 nenced for outputting the inputted waveformas it is to repro- duce the
correspondi ng nusical tone without the scratch effect, and being operative
wher: t he touch action is commenced for stopping the storing and outputting
of the waveformand in- stead for successively reading out the waveform

fromthe stor- age neans according to thg variable readi ng addresses to re-
produce the correspondi ng nusical tone with the scratch effect. Pref

t he storage neans has pacity . sufficient to store a conpl
vol une of a f taens @ﬁmﬂ%ﬁt}'yﬂrﬂg&tﬂﬂy@&nm reading:pAdresns o

r-eal

ti me basis.

the data so as to scratch the reproduced musical tone.

The EX filter mode is selected for filtering fresh waveform
data fed from the external source 111 and for outputting the
filtered waveform data to the sound system 114. A cut-off fre-

quency of the filtering can be changed by the user by means of

erably,
te data
in

the ribbon controller 106. In the EX-ﬁlter mode, it is arranged

that the replay of the stored waveform is suspended even if the
pads are operated by the user.

The EX scratch mode is selected for applying the scratch
operation to the fresh waveform fed from the external source
111. In the EX scratch mode, when the ribbon controller 106
is not touched, the waveform from the external source 111 is
outputted as it is to the sound system 114. At a moment of
touching the ribbon controller 106, the direct sound output to
the sound system from the external source is stopped, and the
scratch reproduction by the ribbon controller 106 is performed
for the external input waveform received at that moment. In
the EX scratch mode, it is arranged that the replay of the
stored waveform corresponding to each pad is suspended even
upoﬁ pad-on.

Next, registers, buffers and the like provided in the RAM
104 will be explained. Fig. 2(a) shows a sound source register

provided in the RAM 104. The sound source register is com-
-
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a structural block diagram
of a sanpler as an em bodinent of a musical tone generating apparatus
accerding to the present invention. Figs. 2(a)-2(e) are diagrans
showi ng various working re- gions in the sanpler of Fig. 1. Fig. 3is a
flowchart of a general routine. Fig.24 is a flowhart of a node SW event
routine. Fig. 5i1s a flowhart of a sanpling node start process M5(1).
Fig. 6 is a flowhart of_ a scratch node start process (4). Fig. 7is a
flowchart of grised ofehchaomel regiomsiélah=4ch) far the padgpedormange onchart
of anot her on-event routine (node m = _ -
and a sound source register sch for the scratch reproduction.
The register for each channel stores various data such as ad-
dresses for reading out waveform data and note-on data.
Fig. 2(b) shows a recording buffer provided in the RAM
104. The recording buffer is provided with two buffers, that
is, RB0O and RB1, each of which can store waveform data of
128 samples. Upon recording, waveform samples are stored in
one of the recording buffers. Namely, the waveform data fed
from the external source 111 is transferred to the one recording
buffer via the input FIFO of the sound I/O 112 by the DMA
controller 113. When the one recording buffer is filled up, the
waveform samples of the one recording buffer is written into
the flash memory 103 by the CPU 101. Along with this, the
storage of waveform samples continues into the other of the
recording buffers. In this fashion, the two recording buffers
are alternately used for continuously recording the waveform.
RBk (k = 0 or 1) represents the recording buffer currently
performing the recording or storing of waveform data, while
RBk represents the other recording buffer. k represents an -
inversion of k (when k=0, k=1, when k=1, k= 0).
Fig. 2(c) shows a reproducing buffer in the RAM 104. The
reproducing buffer is provided with two buffers, that is, PB0

and PB1, each of which can store waveform data of 128 sam-
R
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10 3). Fig. 9is a flowhart of a ribbon controller detection val ue
retrieving routine RO(m (m= 2,5). Fig. 10 is a flowhart of another
ri bbon controller detection value retrieving routine RC(m (m= 4,6).

22

ples. One of the reproducing buffers is used for the tone repro-
duction. Namely, the waveform data in the one reproducing
buffer is transferred to the sound I/O 112 by the DMA con-
troller 113 and is outputted via the output FIFO. The other
reproducing buffer is provided to store waveform data to be
outputted next by the CPU 101. In this fashion, the two repro-
ducing buffers are alternately used for the tone reproduction.
PBr (r = 0 or 1) represents the reproducing buffer currently_.
transferring waveform data to the sound I/O 112 for repro-
duction, while PBT represents the other reproducing buffer. T
represents an inversion of r (whenr = 0, T = 1, when r = 1,
F=0).

Fig. 2(d) shows a scratch region SR provided in the RAM
104. The scratch region SR is prepa,red_ when the scratch mode
is designated. When the scratch mode is set, the waveform data
corresponding to the designated pad is ADPCM expanded with
linear 16 bits, and is developed in an area of the RAM 104. It
is determined in advance as to which part of the waveform
data is set to the scratch region SR. A certain address on the
scratch region SR is set in a scratch pointer SP as a scratch
start address. A value of the scratch pointer SP can be changed
by the user. When the user operates the ribbon controller 106
in the scratch mode, the scratch reproduction is performed. In

this case, when an initial touch is given to the ribbon controller
I
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Figs. 11(a)-11(c) are flowharts of waveform processing rou- tines HS(m
(node m= 0, 2, 3). Figs. 12(a)-12(c) are flowharts of waveform
processing rou- tines HS(n) (rmode m= 4,5,6). Figs. 13(a) and 13(b) are
flowcharts of subroutines "normal n" and "pitch 2", Fig. 14 is a
flowmchart of a scratch process and an EX3 scratch process. Fig. 15 is a
flowchart of a DR(m routine (node m= 1, 5, 6). Fig. 16 is a flowhart of
a DP routine. Figs. 17(a). and 17(b) are diagranms, showi ng timnhgs of re-
production and06eadramypeditianethe pcaateh reprgdwtlorgeﬁ)stgﬁ@{]zf{%m are

di agrans show ng exanpl es of conversion fromvelocity VEL tgo scratch F
nunber SFN.  the start address designated by the scratch pointer SP.

Fig. 2(e) shows a scratch region prepared in the EX scratch
mode. In the EX scratch mode, the waveform data from the
external source 111 is _stored in recording buffers SRB0 and
SRB1. The recording buffers SRB0 and SRB1 are correspond-
ing to the recording buffers RBO and RB1 explained with ref-
erence to Fig. 2(b), and are alternately used likewise RBO and
RB1. Each of SRB0O and SRBI1 has a sufficient memory capac-
ity for performing the scratch. For example, when the sampling
clock is 40 kHz, the memory capacity is capable of storing no
less than about 40 k samples. One of SRB0 and SRB1 which
is not used at a moment when the operation of the ribbon con-
troller 106 is started, is set as the scratch region. Since there
is a recording pointer RP which indicates a writing address in
the recording buffer SRB0, the data writing is currently per-
formed into SRBO. Accordingly, a part of the other recording
buffer SRB1 into which the data writing is not performed is
set as the scratch region SR. Further, a certain address in the
scratch region SR is set in the scratch pointer SP as a scratch
start reading address.

Next, registers other than those shown in Figs. 2(a)-2(e)
will be listed below:

(1) m: an operation mode register. 0 represents the normal
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Fig.”19 is a schematic block di agram showi ng anot her em bodi ment of the
I nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Her ei nbel ow,
enbodi nents of the present invention will be

24

mode, 1 the sampling mode, 2 the filter mode, 3 the pitch
mode, 4 the scratch mode, 5 the EX filter mode, and 6
the EX scratch mode.

(2) PN: a register for storing pad numbers for identifying the
pads.

(3) i: a register for storing channel numbers of the channels

for assigning or allocating thereto tone generation.

(4) FNi: a register for storing an F number of the i-th channel

where tone generation is allocated.

(5) TMP: a register for storing a detection value of the ribbon
controller 106.

(6) RD: aregister used when a detection value from the ribbon
controller 106 is changed for setting that detection value.

) | RS: a flag for indicating a state of the ribbon controller
106. When the ribbon controller 106 is operated in manner
such as a finger or the like is in touch with the ribbon
controller 106, the flag is set to 1. Whe.ﬁ a finger or the
like is not in touch with the ribbon controller 106, the flag

is set to 0.

(8) VEL: a register for setting the speed of touch action along
the ribbon controller 106, specifically, the speed of move-
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described with reference to the drawings. Fig. 1 is a struc- tural block
di agram of a sanpler which is an enbodi nent of a mnusical tone generating
apparatus according to the present in- vention. The sanpler includes a
central processing unit (CPU) 101, a read only nmenmory (ROVM) 102, a flash
menory 103, a random access nenory (RAM,5104, a tiner 105, a ribbon con-
troller 106, a set of operating pads 10/, a display 108, a panel swtch
109, a sanpling clock (Fs)_ genperator 110, a sound |/0 112, a DVA (direct
nmemory access) corment| ef thesfingar or the likeavhid is imiowduwith thetrol s
operation of the whole system of the sanpler. The ROM 102 stores control
programs execut ed tibbiorecGRtrdldér 106e RAM 104 is provided with worKking
areas such as various registers and buffers. The flash nmenory 103 is a
menory for storing waveform data sanpl ed and recorded

9) OLD: a register for holding a last detection value of the

ribbon controller 106.
(10) SAD: a register for storing a scratch reading address.

(11) ADi: a register for storing a reading address in the i-th
channel (i=1 — 4).

(12) SFN: aregister for storing an F number used when reading

out waveform data from the scratch channel sch.

(13) RP: a recording pointer for indicating a writing address

of waveform data into the recording buffer.

(14) PP: a reproducing pointer for indicating a reading address

of waveform data from the reproducing buffer.

The foregoing symbols showing the registers and the like
also represent storage regions of the registers and the like, and
further represent data stored in those storage regions. For
example, m represents not only the operation mode register
but also the data indicative of an operation mode stored in
that register. |

Figs. 3 to 16 are flowcharts for explaining operations of the

CPU 101 and the DMA controller 113 in the sampler of Fig. 1.
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by this sanpler. The recorded waveformdata is tenporar- ily stored in a
recordi ng buffer on the RAM 104. \Wen the recording buffer is filled up,
the maveformdata in the record- ing buffer is transferred to the flash
menory 103. Even if the sanpler is powered off, the waveformdata in the
flash nmenory 103 is held. Thus, the san‘%er has storage nmeans for stor- ing
a plurality of waveforns correspondi ng di fferent nusical tones. Each
waveformis stored in the formof a sequence of anplitude value data
arranged at a Hieveinlselopt,i aghijsmairobicad structure of the software will be

first explained, and then a processing pro'cedure of each of the
software modules will be explained according to the flowcharts
of Figs. 3 to 16. Thereafter, the description is given on what
timings the software modules are executed so as to achieve the
function of each mode.

First, the hierarchical structure of the software is explained. .
The programs shown in Figs. 3 to 16 are classified as follows:

level 1: a DR(m) routine of Fig. 15 operating the DMA
controller 113 in the waveform recording, and a DP routine
of Fig. 16 operating the DMA controller 113 in the waveform
reproduction.

level 2: waveform generation routines HS(m) of Figs. 11(a)
to 12(c) performing waveform preparation by the CPU 101,
and ribbon value retrieval routines RC(m) of Figs. 9 and 10
retrieving the detection value of the ribbon controller 106 by
the CPU 101. Process routines of Figs. 13(a), 13(b) and 14
are included here as subroutines of the waveform generation
routines HS(m).

level 3: a general routine of Fig. 3 executed by the CPU

101. A pad scan routine, a SW scan routine and various event
routines of Figs. 4 to 8 are included here as subroutines of the
general routine.

The process routines of level 1 have the highest priority.
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12 “represent the correspondi ng nusical tone. The tinmer 105 generates a
timer clock signal for causing a tiner interruption at a given tine
interval to the CPU 101. By neans of the timer interruption, the CPU 101
execut es various processes such as retrieving a detection value of the
ri bbon controller 106 at a given tine igjerval. The ribbon controller
106 is an operating inplenment na- nipulated by a user to performscratch
operation or else. The ribbon controller 106 is a coordinate detecting
devi ce whi ch Gpecficalyarwhenban imterrhiptior forngxacutimgbhenh psocpss s a co-
ordinate of a position where a finger or a rod touches the |inear nenber.
The ribbon combusinerof e ehttakes phate Misilopghetprocess of level 2 or
3 is executed, the process routine of level 1 is executed with
the highest priority. The processes DR(m) and DP of level 1
are not executed by the CPU 101 but executed by the DMA
controller 113. Thus, when the interruption for the process of
level 1 takes place, the operation of the CPU 101 is stopped
while the DMA controller 113 holds the bus line 115 so as to
execute the process of level 1 with the highest priority. The
interruption for the process of level 1 is timed by the sampling
clock F's. Specifically, the interruption takes place every sam-
pling clock Fs so that the DMA controller 113 executes DP
in the waveform reproduction, and DR(m) in the waveform
recording. Whether DP or DR(m) is executed or not upon
the interruption at each sampling clock F's is designated to the
DMA controller 113 from the CPU 101 in advance.
The process of level 2 has the priority which is lower than
that of the process of level 1 but higher than that of the process
of level 3. Specifically, when an interruption for executing the
process of level 2 takes place while the general routine of level 3
is executed, the process routine of level 2 is executed with pri-
ority. The DP routine of the DMA controller 113 reproduces

or reads out the waveform data from the reproducing buffer

and interrupts the CPU 101 when the reproducing buffer be-
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can be commenced at an arbitrary position. The ribbon con- troller 106
outputs a default value while no touch action with the finger or the rod
occuws, and otherw se outputs a coordi- nate position value when the touch
action occurs. Thus, it can be determ ned fromthe detection val ue whet her
the ribbon controller 106 is operated opgnot, that is, whether the touch

action wwth the finger or the rod occurs or not. Nanely,

the detecting

i mpl ement has a length to receive the touch action for detecting a point of
the touch acticomesorepartte Iemgspoasd tfwthiriinterrupdion pthe tCHHAI 10hI ue

corresponding to the detected point of the touch action.

The pads 107

constitute anwxevutesehd wagefomhegadration routine HS(m) and provides

next sample values of the waveform to the reproducing buffer.
The ribbon value retrieval routine RC(m) is started by a timer
interruption. Specifically, the timer interruption takes place
every clock outputted from the timer 105 at a given interval so
that the CPU 101 executes the ribbon value retrieval routine
RC(m) to take in the detection value of the ribbon controller |
106.

The level 3 represents the process routine having the lowest
priority. The CPU 101 repeatedly executes the general routine
of Fig. 3 and further executes the given subroutines upon oc-
currence of an on-event of the pad 107 or an operation event
of the panel SW 109. |

Next, the operating procedure of the respective software
modules will be explained according to the flowcharts of Figs. 3
to 16. Fig. 3 shows the general routine of level 3. When the
sampler is powered on, the CPU 101 executes this general rou-
tine. First at step 301, various initial settings are executed. In
particular, the operation mode m is set to the normal mode as
indicated by m = 0, a note-off command is set to all the chan-
nels of the sound source register of Fig. 2(&), and all the sample
regions of the reproducing buffers PB0 and PB1 are cleared to
zero. During the initialization, the CPU 101 instructs the re-
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13 *nipul ated by the user to control the tone generation. Specif- ically,
set of the ten pads 107 are provided. The recording or sanpling of an

ori gi nal

nmusi cal

tone can be achi eved by designating one of the ten pads

107. In reproduction of the recorded tones, a particular one of the pads

107 is tapped by the user so that the
to that pad is read out and repl ayed.

pad, it may be arranged to performthe tone reproduc-_tion by receiving
not e-on data gircaduding prosessatoithet DMeghtcontroller 113. In response to

this,' the DMA controller 113 interrupts the CPU 101 every

sampling clock Fs from the Fs clock generator 110 and exe-

cutes the DP routine of Fig. 16 upon every interruption so as

to start the operation of reproducing the waveform data held in

the reproducing buffer. Further, the timer 105 is started dur-

ing the initialization. By this, the CPU 101 executes the RC

retrieval routine RC(m) upon every timer interruption based

on the clock from the timer 105 so as to start the process of

retrieving the detection value from the ribbon controller 106.

Next, a pad scan process is executed at step 302, then an

SW scan process is executed at step 303, and thereafter the

routine returns to step 302 to repeat the same processes. The

pad scan process of step 302 is carried out to detect whether

there is any on-event of the ten pads 107, and executes the

on-event routines shown in Figs. 7 and 8 when there is the

on-event. The SW scan process of step 303 is carried out to

detect whether operation of the panel SW 109 is performed

or not, and executes the process routine corresponding to that

operation when the operation is performed.

Fig. 4 shows a mode SW event routine which is called upon

detection of the actuation of the mode change-over switch in

the SW scan ‘process of step 303 in Fig. 3. In the mode SW

event routine, a value indicative of the operation mode des-
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di gi"t al interface) signal. The pads 107 constitute designating nmeans for
designating at |east one of the stored waveforns to command reproduction of
a carresponding one of the nusical tones.  The display 108 is provided for
di spl aying various setting information. The panel switch (SW 109 is a
switch group provided on a panel of thezganpler for the user to perform
var- ious setting operations. The panel switch 109 includes various
swi tches such as a node chapge-over switch which constitutes swtching
means for swi ighabed idependiiig epr thecoperatienvetithe madmichesge-aver one of
various optional nodes. The Fs clock generator 110 generates a sanpling
clock of a fregedayisFset dd thetiegisteman! aOstep. 40he amdirthe /displey i s
constituted by an LSI called CODEC. The sound I/0O 112 has an
anal og- t o- di gif{y¥ id QoBtréled ecdordihg e the deéslghated mode m at step

402. Then, a starting process MS(m) corresponding to the

designated mode m is executed at step 403, and thereafter the

process is terminated.

Fig. 5 is a flowchart of a sampling mode start process MS(1)

which is called at step 403 in Fig. 4 when the user designates

the sampling mode (m = 1) using the mode change-over switch.

In the MS(1) process, first at step 501, it is determined whether

the designation of a pad is performed. If the designation of any

pad is not performed, step 502 determines whether the desig-

nation of the sampling mode is quit or not. If the designation

of the sampling mode continues, the routine returns to step

501 so as to urge the designation of the pad.

If the designation of any pad is effected at step 501, a num-

ber of the designated pad is stored or reserved in the register

PN at step 503, and recording preparation is performed at step

504. The recording preparation is performed for ensuring the

recording buffers RBO and RB1, the recording region on the

flash memory 103 and other regions. Further, the DMA con-

troller 113 is instructed to stop the execution of the DP routine.

which is executed by interrupting the CPU 101 each sampling
clock Fs. Next, at step 505, it is determined whether a condi-

[
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14 digital -to-analog (D/A) conversion function. The sound I/0O 112 has an
A/D input termnal at which an anal og nusical tone signal inputted from an
external source 111 is received, and a DA output termnal to which a sound
system 114 is connected. The sound 1/0O 112 has a function of conpressing
wavef orm data which is obtained by converting the received

tion (trigger) for starting the recording is satisfied or not. The
condition for the start of recording, for example, is such that
the recording is started when the input level becomes no less
than a given value. If the condition for the start of record-
ing is not satisfied, step 506 determines whether to stop the
recording. If the recording continues, the routine returns to
step 505.
If the condition for the start of recording is satisfied at step
- 505, the recording is actually started at step 507. The start
of recording is, specifically, effected by instructing the start of
recording'to the DMA controller 113 from the CPU 101. By
this, the DMA controller 113 interrupts the CPU 101 each sam-
pling clock Fs from the Fs clock generator 110, and executes
the DR(1) routine of Fig. 15 upon every interruption so as to
start a process of setting the waveform data inputted from the
external source 111 into the recording buffer RBk via the input
FIFO in the sound I/O 112. |
Next, at step 508, it is determined whether the recording
buffer is filled up. As will be explained in detail with refer-
ence to Fig. 15, in the DR(1) routine, the waveform samples
of the external source are transferred to the recording buffer
RBk. When RBk is filled up, k is inverted to cause the in-
terruption. Step 508 awaits this interruption and determines

whether. the recording buffer is filled up. If the interruption
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analFog nusical tone signal fromthe external source 111 into digital data
through the A/D conversion function. The wave- formdata is conpressed
according to the ADPCM (adaptive differential pulse code nodul ation).
Further, the sound I/0O 112 has another function of perform ng ADPCM
expansion to the waveform data which is3f/ A converted and outputted to the
sound system 114 through the DJA output termnal. In the enbodi ment of the
i nventi on expl ai ned here, only the ADPCM conpression is actuall erfornmed
at the sound taked placenthisimesdRCthek phesrerordingebtfferddBlyie i on of
a given software by the CPU 101. The sound 1/0 112 is provided therein

FLFO for ol G e ares 1o oot ot Bata | otk v e chor A/ Do hput rer m nal
and the other¢hs oPHiRY HUfFECHBE A% Wrigtedl Shich predetermined re-
gion of the flash memory 103 at step 509, and thereafter the
routine returns to step 508.

If the recording buffer is not filled up (no interruption from
the DR(1) routine) at step 508, step 510 determines whether to
finish the recording process. The recording process is finished
upon an on-event of a recording stop switch of the panel SW
109 or when the recbrding region. ensured in the flash mem-
ory 103 is filled up. If it is judged that the recording process
should not finish at step 510, the routine returns to step 508
to continue the recording. If it is judged that the recording
process should finish at step 510, the recording finish process
is executed at step 511 by instructing the DMA controller 113
to stop the execution of the DR(1) routine. Then, at step 512,
the register m is set to 0 to return to the normal mode, and the
process is finished. In return to the normal mode, the DMA
controller 113 is instructed to start the execution of the DP
routine by interrupting the CPU 101 per sampling clock Fs.
In similar manner, if the sampling mode start process is quit
at step 502, the regisfer m is set to 0 to thereby return to the
normal mode at'step 513, and then the process is finished. Fur-

ther, if the recording process is quit at step 506, the register m
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wavef orm data outputted via the D/A output ternminal. The sound I/0 112
constitutes receiving neans for receiving a fresh waveformin real tine
basi-s when the same is inputted from 15
t he external source 111. Her ei nbel ow, i nput/output operations of the
sound 1/0 112 using the input FIFO and §he output FIFOW Il be briefly

is set to 0 to thereby return to the normal mode at step 514,
and then the process is finished. Process at steps 513, 514 is
the same as that of step 512.

Fig. 6 is a flowchart of the scratch mode start process MS(4)
which is called at step 403 in Fig. 4 when the user designates
the scratch mode (m = 4) using the mode change-over switch.
In the MS(4) process, first at step 601, it is determined whether
the designation of a pad is performed or not. If the designation
of any pad is not performed, step 602 determines whether to
quit the designation of the scratch mode. If the designation
process of the scratch mode should be continued, the routine
returns to step 601 so as to urge the designation of. the pad.

If the designation of any pad is performed at step 601, a
number or code of the designated pad is reserved in the register
PN at step 603. Then, prepa.ra,tioil for performing the scratch is
made at step 604. This is a process of reading out the waveform
data recorded corresponding to the pad number PN from the
flash memory 103, ADPCM-expanding the read waveform data
and developing the expanded waveform data in a given region
of the RAM 104. Then at step 605, a desired part of the
waveform data developed in the given region of the RAM 104
is set to be the scratch region SR (Fig. 2(d)), and the scratch
pointer SP representing an address of starting the scratch is

set to a predetermined value. If the scratch mode designating
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explai ned. An anal og nusical tone signal inputted to the A/D input term nal
of the sound I/0O 112 fromthe external source 111 is A/D converted in
response to the sanpling clock of the frequency Fs, and is then witten
into the input FIFO (ADPCM conpressed if necessary). \Wen the waveform data
exists in the input FIFO the sound I/ Q412 outputs a demand for processing
the i nput waveformdata to the DVA controller 113. In response to the
process demand, the DVA gontrolle 13 transfers the data _of the input FIFO
to a recordi nPPUOFEEEAS BYE G ?ﬁ%’pé@édthﬂ registervnissetin 0 ntherebyster by
the DVA controller 113 is performed such that the DVA controller 113
executes an i mesurnpte dihepmmnabmodeaskvstep GU6; ard the precgssdspl i ng
clock Fs so as to hold the bus line 115. The CPU 101 is unconscious of the
hol di ng of thdimgketdine 115 by the DVA controller 113. The foregoing
transfer process ' -
Fig. 7 shows a flowchart of the pad on-event routine which
is called upon detection of the on-event of the pads 107 at step
302 in Fig. 3 when the mode m is set to the normal mode, the
filter mode or the scratch mode (m = 0,2,4). In this on-event
routine, first at step 701, a pad number of the pad 107 where
the on-event occurs is set in the register PN. Then, step 702
determines whether the waveform data corresponding to the
pad number PN is reserved on the flash memory 103. If there
is no waveform data corresponding to the pad number PN, the
process is finished. If the waveform data corresponding to the
pad number PN is found at step 702, allocation or assignment
of the tone generation channel is performed at step 703. This
channel allocation is performed within the maximum number
of tone generations depending on the mode m. Specifically, in
the normal mode, since four tones can be concurrently gener-
ated at most, if there is a vacant channel in the first to fourth
channels, each tone generation is allocated to that vacant chan-
nel. On the other hand, if all the four channels are used for
tone generation, the tone generation is ceased in the oldest
channel where the tone generation is started from the oldest

time point, and another tone generation is newly allocated to
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of the waveformdata by the DVA controller 113 during the recording of the
musi cal tone will be described later in detail with reference to Fig. 15.
On t:he ot her hand, when the waveform data exists in. the output FIFO of the
sound 1/0 112, the waveformdata in the output FIFOis D/ A converted every
sampling clock Fs, and 35 16

that channel. In the filter mode or the scratch mode, since two
tones can be concurrently generated at most, each tone gen-
eration is allocated to the first or second channel in a similar
fashion. A number of the allocated channel is set in the reg-
ister i. Subsequently, at step 704, various data for perforrhing
the tone generation including a head address ADi of waveform
data to be reproduced are set in the sound source register ich '
of the i-th channel. The note-on command is further set and
the process is finished.

Fig. 8 shows a flowchart of the pad on-event routine which
is called upon detection of the on-event of the pads 107 at step
302 in Fig. 3 when the mode m is set in the pitch mode (m = 3).
In the pad on-event routine, first at step 801, a pad number
of the pad 107 where the on-event occurs is set in the register
PN. Then, the tone generation channel allocation is performed
at step 802. In the pitch mode, since two tones can be concur-
rently generated at most, the channel allocation is performed
within the maximum tone generation number 2. Then, at step
'803, the pad number PN is converted into a corresponding'F
number which is set in the register FNi. Subsequently, at step
804, various data includixig a start address of reading waveform
data to be reproduced and F number FNi are set for achiev-
ing the reproduction of the musical tone with a pitch shift in

the sound source register ich of the i-th channel. The note-on
R
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is sent to the sound system 114 via the D/ A output term - nal so that the
nmusi cal tone is emtted. Wien the waveform data of the output FIFO is
outputted, there is a roomin the output FIFO so that the sound 1/0 112
out puts a demand for obtaining another waveform data to the DVA controller
113. The CPU 101 generates in advance wageform data to be outputted, then
stores the generated waveformdata in a re- production buffer on the RAM

104, and outputs in advance demand f reproduci ng t he wavef or ata to
the’ DA con. GaPHaRRd TS fotBeRutto and bhiearies the duntesS 3 TifieBedior on
operation every sanmpling clock Fs relative to t CPU 101 so as t.o hold the
bus line 115 dadthis:preesss, ome RadekQe s depressest bo designate alesitedi on

he Cransf er ovavefonmayand o angusyently qpacifioaicarresponding fenumve or m
date ber, which is set to the sound source register ch to determine
a pitch applied to the reproduced tone.

Fig. 9 is a flowchart of the RC retrieval rouﬁne RC(m) for
taking in the detection value of'the ribbon controller 106 when '
the mode m is set in the filter mode or the EX filter mode |
(m = 2 or 5). This is a process of taking in the detection value
for performing the filter control by the ribbon controller 106.
Fig. 10 is a flowchart of the RC retrieval routine RC(m) for
taking in the detection value of the ribbon controller 106 when
the mode m is set in the scratch mode or the EX scratch mode
(m = 4 or 6). This is a process of taking in the detection value
for performing the scratch control by the ribbon controller 106.
The timer 105 is started during the initialization at step 301
in Fig. 3. The CPU 101 executes the timer interruption at a.
given time interval. The RC retrieval routine RC(m) of Fig. 9
is executed when the mode m is set to 2 or 5 by the timer
interruption. On the other hand, the other RC retrieval routine
RC(m) of Fig. 10 is executed when the mode m is set to 4 or
6 by the timer interruption.

The RC retrieval routine RC(m) (m = 2, 5) of Fig. 9 is first

explained. First at step 901, the detection value of the rib-
I
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witten in the output FIFOis, as described above, sent to the sound system
114 every sanpling clock Fs so that the nusical tone is emtted. The
foregoi ng transfer process of the waveformdata by the DVA controller 113
during the tone reproduction will be described later in detail with
reference to Fig. 16. Further, the sognd 1/0O 112 has a function to
directly trans- fer the maveforn1data I nputted at the AAD input termnal to

Source 111 |5 RPREQTFOUEANY dselin fheshaiates, TME. Subscquently; 5t "™
step 902, it is determined whether a succeeding detection value
changes as compared to a preceding detection value retrieved
at the last timer interruption. If there is no change, the process
is finished. If there is a change, the detection value TMP is set
in the register RD at step 903 and the process is finished. As
a result, the detection value of the ribbon controller 106 is set
in the register RD. If a finger or the like is removed from the
ribbon controller 106, the detection value TMP and RD may
be returned to a default value, or the value immediately before
the removal of the finger or the like 'ma,y be held.

The RC retrieval routine RC(m) (m = 4,6) of Fig. 10 will
be explained. Fig. 10 is a flowchart for explaining both of the
RC retrieval routine RC(4) which is called when the operation
mode is set to the scratch mode (m = 4), and the RC retrieval
routine RC(6) which is called when the operation mode is set
to the EX scratch mode (m = 6). Since steps 1006, 1009, 1015
and 1016 represent processes only for the RC(6), the operation
procedure of the RC(4) will be first explained and then the op-
eration procedure of the RC(6) will be explained hereinbelow.

In the ribbon controller detection value retrieval routine
RC(4), first at step 1001, the detection value of the ribbon
controller 106 is set in the register TMP. Then at step 1002,

it is determined whether the ribbon controller 106 is operated.
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17 "tem 114 as it is. Connection between the A/D input and the D/ A out put
is perforned based on an instruction fromthe CPU 101. Further, the CPU 101
is capabl e of cutting-the di- rect connection between the A/D input and the
D/ A out put . Next, basic operation of the sanpler of Fig. 1 will be
briefly explained. The sanpl er has seveas operati on nodes, that is, a nornmnal
node, a sanpling node and five optional nodes includ- ing a filter node, a

Ext ernal | npullRexjblengsirales 0P eatowbtaciotiBete dfeteRBatbyaEans. of
bel o, each nomdicative i seppadinate position Where a hnger, a rod or the
like is touched, while the ribbon controller 106 outputs a de-
fault value when the finger, the rod or the like is not in touch
so that the non-touch (the non-operation) can be recognized.
When the ribbon controller 106 is not operated, the routine
proceeds to step 1003. When the ribbon controller 106 is op-
erated, the routine proceeds to step 1004.

At step 1003, it is determined whether the status register RS
of touch action is 0 or not. If the register RS is 0, this means
that the ribbon controller 106 is not operated both in the last
interruption and in the current interruption. Thus, the process
is finished. If RS is not 0 at step 1003, this means that the
ribbon controller 106 has been operated in the last interruption
while the ribbon controller 106 is not operated (the finger,
the rod or the like is remow}éd) in the current interruption.
Thus, the register RS is cleared to 0 at step 1013, the note-
off command is written in the sound source register sch of the
scratch channel ét step 1014, and the process is finished.

At step 1004, it is determined whether the register RS is 1
or not. If the register RS is not 1, this means that the ribbon
controller 106 has not been operated in the last interruption
while the ribbon controller 106 is operated in the current in-

terruption. Thus, the register RS is set to 1 at step 1005 and
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The hormal node is selected for replaying the recorded mu- sical tone. In
an initial state, the sanpler is set the normal node. In the normal node,
when the user taps one of the ten pads 107, the waveform data recorded
corresponding to that pad is read out fromthe storage by reproduci ng neans
com posed of the CPU 101 according to g installed program In the nornal
node, up to four tones can be reproduced concurrently. Specifically, four
wavef orm data recorded corresponding to the tapped fouieaads are repl ayed

si mul t aneous| ythewvelocity MIELhispaet ito Dapphient ate stepr $0Uée @ treading

corresponding to the pad first tapped is stopped and the waveform data

cor r espondi ng dddtdss BADyigs spbetb fd fpredeserminedpvalms of the scratch
pointer SP. Next, at step 1008, various data for the scratch re-
production including a reading address of waveform data to be
scratch-reproduced and a velocity value VEL are set, and the
note-on command is written in the sound source register sch
of the scratch channel. Subsequently, at step 1010, the current '
detection value TMP of the ribbon controller 106 is set in the
register OLD, and the process is finished.

If the check result is YES at step 1004, this means that
RS = 1 in the last interruption and also RS = 1 in the current
interruption (the operation of the ribbon controller 106 is con-
tinued). Thﬁs, the velocity of the touch action on the ribbon
controller 106 is detected and set in the register VEL at step
1011. The velocity VEL is derived through differential com-
putation by subtracting the detection value OLD in the last
interruption from the current detection value TMP. Thus, it
is possible that the velocity VEL takes a negative value. Fur-
ther, the velocity VEL is set in the sound source register sch
of the scratch channel. Then, at step 1012, the current detec-
tion value TMP is set in the register OLD, and the process is
finished.
Explanation ‘has been made to the RC retrieval or take-

in routine RC(4) when the mode is set to the scratch mode
I —
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18 © The sanpling node is selected for recording a fresh wave- form Wen
the sanpling node is designated using the node change-over swi tch, the user
si mul t aneously designates a pad for recording. By this, the nusical tone

i nputted fromthe external source 111 can be recorded corresponding to that
des- ignated pad. In the filter opti#oal node, only two tones can be
repro- duced concurrently according to pad-on in contrast to the nor- nal

mode. Namely, (tnr{e_re;jr O‘i %ﬁg ﬁﬁ‘q;akleinalrlomtineg %(g) when the mode
is set to the EX scratch mode (m = 6), step 1006 is added
after step 1005, step 1009 is added after step 1008, and steps
1015 and 1016 are added after step 1014. Further, processes
at steps 1008 and 1014 are somewhat different. Hereinbelow,
explanation will be made therefor. At the time of starting
the operation of the ribbon controller 106, the routine pro- ’
ceeds from step 1004 to step 1006 via step 1005. At step 1006, |
the CPU 101 instructs the DMA controller 113 to stop the
execution of the RD(6) routine by interrupting the CPU 101
per sampling clock Fs, and the scratch region SR is set in the
recording buffer SRBk which is one of the two recording buffers
SRB0 and SRB1 currently not used, as explained with refer-
ence to Fig. 2(e). Then, the routine proceeds to step 1008 via
step 1007. At step 1008, various data for the scratch repro-
duction including a reading address SAD of waveform data to
be scratch-reproduced and velocity value VEL are set and the
note-on command is written in tlie sound source register sch
of the scratch channel. Further, at step 1008, the following
process is also performed before the foregoing process. Specif-
ically,- first, 128 samples of one waveform are provided in the
reproducing buffer PBr. In this process, after élea,ring the re-
producing buffer PBr to 0, the later-described EX scratch pro-

cess of Fig. 14 may be performed relative to the reproducing -
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hi g performance under the normal node for concurrently read- ing out at
nost four nunber of waveforns, and is allotted with | ow performance in the
opti.onal node such as the fil- ter node for concurrently readi ng out at
nost two nunber of waveforns. Further, digital filter processing,
specifically, lowpass filter processinglis applied to those reproduced
tones. By operating the ribbon controller 106, the user can change a

cut-of f frequency in the |low pass filter proc i ng. _Nanely, .1he
r epr oduci ng e ?Brl(cRBéfonamwdemteaxgr@ﬂ ﬁwar%g‘liﬂ rther, £ i ter
node for digitally processing the waveformby filter

ing to inpart a
speci fi ¢ soundhef GRU lelthEstrruets:hhetlaMAsaonthlem1&gdt(i yestathr thef t he

repr oduced tone. The pitch node is selected for reproducing the recorded

T o I e OF i i e Gt
sampling clock Fs. Further, an interruption of the same sig-
niﬁca,nce-a,s a later-described interruption caused at step 1605
of the DP routine in Fig. 16 is generated. Through this in-
terruption, the HS(6) is executed so that next 128 samples to ’
be scratch-reproduced are provided in the PB¥. Thereafter, at ”
step 1009, under the command from the CPU 101, the direct
connection from the A/D input to the D/A output of the sound
I/0O 112 is disabled so as to stop the sound emission of feeding
the musical tone signal from the external source 111 directly
to the sound system 114.

At the time of stopping the operation of the ribbon con-
troller 106, the routine proceeds from step 1002 to step 1014
via steps 1003 and 1013. At step 1014, the note-off event is
written in the sound source register sch of the scratch channel,
and then the following process is also performed. Specifically,
the CPU 101 instructs the DMA controller 113 to stop the
execution of the DP routine of interrupting the CPU 101 per
sampling clock Fs. On the other hand, at step 1015, under
the command of the CPU 101, the direct connection from the
A /D input to the D/A output of the sound I/O 112 is restored

so as to achieve the sound emission by feeding the musical
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19 "at an original pitch as it is. Wwen the pitch node is desig- nated

usi ng the node change-over switch, by sinultaneously operating one of the
pads, the user specifies desired waveformdata to be replayed in the pitch
node. Thereafter, when the specified one of the ten pads is set on, the
designated wave- formdata is replayed 42th a specified pitch correspondi ng.
to

tone signal from the external source 111 directly to the sound
system 114. At step 1016, the CPU 101 instructs the DMA
controller 113 to restart the execution of the DP(6) routine by
interrupting the CPU 101 per sampling clock F's.

Figs. 11(a) to 11(c) and Figs. 12(a) to 12(c) are flowcharts of
the waveform generation routine HS(m) executed by the CPU
101 for providing sequential sample values of the waveform to
the reproducing buffer under the respective modes m. The
waveform generation routine HS(m) is executed by the CPU
101 in response to a later-described interruption demand at
step 1605 of the DP routine in Fig. 16. Specifically, in the DP
routine, one sample value of the waveform held in the repro-
ducing buffer PBr is transferred to the sound I/O 112 each
sampling clock Fs so as to perform the répr-oduction of the

‘musical tone. When the set of 128 sample values in the repro-
ducing buffer PBr are all reproduced, the DP routine inverts
k so as to cause an interruption. Upon this interruption as a
trigger, the CPU 101 executes the waveform generation routine
HS(m) depending on the mode m, and newly produces another
set of 128 sample values corresponding to one frame of the re-
producing buffer PBF which has just finished the reproduction
and rendered vacant.

Fig. 11(a) is a flowchart of the waveform generation routine

~ HS(0) for generating the waveform sample values on the repro-
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t hat pad. Only two tones can be reproduced concurrently in this node.

Al t hough the pad for designating the waveformto be replayed is used
componly as the pitch specifying nmeans, the pitch specifying neans nay be
provi ded separately fromthe pad. The waveformis digitally processed under
the pitch node by changi ng readi ng spegd of the data such as to shift or
nodi fy the original pitch of the correspondi ng nusical tone. The scratch
node is selected for realizing the scratch oper- ation by the user. Wen
the scratch miteing befepnmder the mpmrhal madecHanBES(@)era subreutinee user

si mul t aneously desig- nates desired one of the pads. \Waveform data
cor respondi ng deadthdt “pesmial 4'Ulih ekl bt step 140a; cndribraprooess is

Thereafter, by touching the ribbon controller 106, the waveform data starts

o b 5 iU BV g st
to Fig. 13(a). '

Fig. 11(b) is a flowchart of the waveform generation routine
HS(2) for generating the waveform sample values on the repro-
ducing buffer under the filter mode. In HS(2), a subroutine
“normal 2” is called at step 1111, and a filter coeflicient (cut- ”
off frequency) is produced according to the detection value RD
of the ribbon controller 106 at step 1112. Then at step 1113,
the filter process (low-pass filter process) is performed, and
the process is finished. The “norrﬁal 2”7 at step 1111 will be
described later with reference to Fig. 13(a).

Fig. 11(c) is a flowchart of the waveform generation routine
HS(3) for generating the waveform sample values on the repro-
ducing buffer under the pitch mode. In HS(3), a subroutine
“pitch 2” is called at step 1121, and the process is finished. The
“pitch 2” will be described later with reference to Fig. 13(b).

Fig. 12(a) is a flowchart of the waveform generation rou-
tine HS(4) for generating the waveform sample values on the
reproducing buffer under the scratch mode. In HS(4), the sub-
routine of the “normal 2’3 is called at step 1201, then a scratch
process subroutine is called at step 1202, and the process is

finished. The “normal 2” will be described later with reference
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in this node, apart fromthe scratch reproduction, only two tones can be
reproduced concurrently in the normal node us- ing the ten pads. The

waveformis digitally processed under 20
the scratch node by irregularly changing readi ng addresses of the data so
as to scratch the reproduced nusi cal tqﬂg. The EX filter node is selected

for filtering fresh waveform
to Fig. 13(a). The scratch process subroutine will be described
later with reference to Fig. 14.

Fig. 12(b) is a flowchart of the waveform generation rou-
tine HS(5) for generating the waveform sample values on the
reproducing buffer under the EX filter mode. When HS(5) is
called, the set of 128 samples (linear samples) of the waveform
data fed from the external input 111 are written in the record-
ing buffer RBk, while the reproducing buffer PBF is vacant.
Accordingly, in HS(5), first at step 1211, a filter coefficient is
produced according to the detection value RD of the ribbon
controller 106, and an EX filter process is performed at step
1212. This EX filter process is called for applying the filter-
ing process using the filter coefficient derived at step 1211 to
the set of 128 waveform samples held in the recording buffer
RBk, and for setting the resultant 128 waveform samples in
the reproducing buffer PBr. After step 1212, the process is
finished.

Fig. 12(c) is a flowchart of the waveform generation routine
HS(6) for generating the waveform samples in the reproducing
buffer under the EX scratch mode. In HS(6), step 1221 de-
termines whether the register RS is 1 or not. If the register
RS is not 1, this means that the ribbon controller 106 is not
operated. Thus, the- process is finished. If the register RS is
1 at step 1221, this means that the ribbon controller 106 is

-
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data fed fromthe external source 111 and for outputting the filtered
waveform data to the sound system 114. A cut-off fre- quency of the
filtering can be changed by the user by nmeans of the ribbon controller 106.
In the EX filter node, it is arranged that the replay of the stored
waveformis suspended even if the pads gge operated by the user. The EX
scratch node is selected for applying the scratch operation to the fresh
waveform fed fromthe external source 111. In the EX scratch node, when the
ri bbon control operdted.i Lhus, anuthdscrabeh vipradessnist penfarmeed xatestep sour ce
111 is outputted as it is to the sound system 114. At a nonent of touching
the ribbon coni222] andlfige proeess iedinisbedd The ®X scrdteh processswillem from

the external source is stopped, and the scratch reproduction by the ribbon

tcgnt roll ert 10?0éﬂé&gmdrqgtélowﬁﬁqe%ltéfd@to im@gtllwavef ormreceived at

s Fig. 13(a) shows a flowchart of the normal n. The normal 4
is called at the foregoing step 1101, while the normal 2 is called
at the foregoing steps 1111 and 1201. First at step 1301, a work
register i for counting the channels is set to 1, a work register j
for counting the samples is set to 0, and all the sample region
of the reproducing buffer PBT which is not currently subjected
to the DP routine are cleared to 0. Then at step 1302, it is
determiﬁed whether the note-on is written in the sound source
register ich of the i-th channel. If the note-on is not written,
it is not necessary to perform the waveform generation of the
i-th channel. Thus, the routine proceeds to step 1308. If the
i-th channel is subjected to the note-on event at step 1302, the
routine proceeds to step 1303.

At step 1303, the reading address ADi of the i-th channel
(ADi is set in the sound source register ich of the i-th chan-
nel) is incremented. At step 1304, the waveform sample is
read out from the address ADi via the i-th channel, and the
read waveform sample is ADPCM-expanded to derive a linear
waveform sample which is fhen set in the work register TMP.
'Subsequently,' at step 1305, the value of the register TMP is

- accumulated (channel accumulation) in the reproducing buffer
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the "EX scratch node, it is arranged that the replay of the stored waveform
corresponding to each pad is suspended even upon pad-on. Next ,

regi.sters, buffers and the like provided in the RAM 104 wi || be expl ai ned.
Fig. 2(a) shows a sound source register provided in the RAM 104. The sound

source register is com 16 21

PBi(j) as represented by PBf(j) + TMP—PBZ(j).

Then at step 1306, it is determined whether the count of the
register j reaches 127. If the register j does not reach 127, the
fegister j is incremented at step 1307 and the routine returns
to step 1303 so as to repeat reading of the next waveform sam-
ple, the expansion and the accumulation. If the count of the
register j becomes 127 at step 1306, meaning that the accumu-
lation or summing-up of the 128 samples of the i-th channel
is finished in the region assigned to the 128 samples of the
reproducing buffer PBf, the routine proceeds to step 1308.

At step 1308, it is determined whether the register i reaches
n. If the register i does not reach n, the register i is incremented

“and the register j is cleared to 0 at step 1309 for commencing
the waveform processing of the next channel. Then, the routine
returns to step 1302 to répea,t the processes relative to the i-th
channel. If the register i reaches n at step 1308, meaning that
the summing-up computation in the last channel is finished
and 128 samples are produced in the reproducing buffer PBF,
the process is finished.

Fig. 13(b) is a flowchart of the “p1tch 2” subroutine which
is called at step 1121 in Fig. 11(c). At step 1311, the work reg-
.ister i for counting the éhannels is set to 1, the work register j
for counting the samples is set to 0, and all the sample regions

of the reproducing buffer PBF which is not currently subjected
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prised of 4-channel regions (lch-4ch) for the pad performance and a sound
source register sch for the scratch reproduction. The register for each
channel stores various data such as ad- dresses for readi ng out waveform
data and not e-on dat a. Fig. 2(b) shows a recording buffer provided in the
RAM 104. The recording buffer is provi deﬂ]with two buffers, that is, RBO
and RB1, each of which can store wavef dtt data of 128 sanpl es. Upon

recordi ng, waveform sanples are stored in one of the recording buffers.

Namel y, the wdeetloe ¥aroutatk arenclcheed xtehalbenrate stdd 1312 Bngd er r ed
to the one recording buffer via the input FIFO of the sound 173 112 by the

DVA control | edetéPmibdnwhiegher ¢heatetelopdisbwiritten! to the lsetndsoh

wavef orm sanpl es of the one recording buffer is witten into the flash

gﬁﬂff %u éSBi m’ gégﬁsggg tfﬁfex?&fo Fﬁ%ﬁgﬂn"l‘;ﬂi}lﬁéﬂ SIf tHE roQL8RCiChotawEftRsf) sanpl es
it is not necessary to perform the pitch-shifted waveform gen-
eration of the i-th channel. Thus, the routine proceeds to step
1319. If the i-th channel is subjected to the note-on event at
step 1312, the routine proceeds to step 1313.

At step 1313, the waveform sample reading address ADi is |
added with the F number FNi so as to set a new address ADi.
ADi and FNi are set in the sound source register ich of the i-th
channel. Then, at step 1314, the waveform sample is read out
from the address ADi via the i-th channel, and is ADPCM-
expanded to derive the linear waveform sample which is then
set in the work register TMP. Since the read waveform data is
ADPCM-compressed, if an integer portion of the address ADi
advances by no less than 2 as the result of the addition of the
F number, all the samples from the last reading address to the
current reading address ADi are read out and used for the lin-
ear expansion. Subsequently, at step 1315, the interpolation
among the read samples is performed depending on a decimal
portion of the address ADi, and the interpolated waveform
sample is set in the register TMP. Then, at step 1316, the de-
rived waveform sample TMP is accumulated in the j-th sample

region PBF(j) of the reproducing buffer.
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recording buffers. In this fashion, the two recording buffers are
alternately used for continuously recording the waveform RBk (k = 0 or 1)
represents the recording buffer currently performng the recording or
C reprasents an {nversi on of k (when K g 0 kol when Kk = 1, Kk =0y o
Fig. 2(c) shows a reproducing buffer in ?he RAM 104. The reproduci ng buffer
is provided with two buffers, that is, PBO and PBl1, each of which can store
wavef orm data of The# safrstep 1317, it is determined whether the register
| j reaches 127. If not, the register j is incremented at step
1318 and the routine returns to step 1313 so as to perform
the processes relative to the next sample. If the register j
reaches 127 at step 1317, meaning that the process for the i-th
channel is finished, step 1319 determines whether the register
i reaches 2. If the register i does not reach 2, the register i
is incremented and the register j is cleared to 0 at step 1320,
and then the routine returns to step 1312 so as to perform
the processes relative to the next channel. If the value of the
register i reaches 2 at step 1319, the process is finished.
Fig. 14 is a flowchart of the scratch process which is called
at step 1202 in Fig. 12(a) and the EX scratch process which
is called at step 1222 in Fig. 12(c). First at step 1401, the
detected touch action velocity VEL (VEL is provided in the
sound source register sch of the scratch channel) of the rib-
bon controller 106 is éonverted into a variable F number SFN
for the scratch operation. Since the F number SFN is deter-
mined depending on the velocity VEL which may take either
of a positive value and a negative value, the F number SFN
also changes in the positive and negative directions. Next, the
register j is cleared to 0 at step 1402, and the routine proceeds

to step 1403.
At step 1403, the scratch F number SFN is added to the
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22 ples. One of the reproducing buffers is used for the tone repro-
duction. Nanely, the waveformdata in the one reproducing buffer is
transferred to the sound 1/0 112 by the DVA con- troller 113 and is :
outputted via the output FIFO The other reproducing buffer is provided to
store waveform data to be outputted next by the CPU 101. In this fashion,
the two repro- ducing buffers are alterbdtely used for the tone
reproduction. PBr (r = 0 or 1) represents the reproducing buffer currently

T e

(when 1 =0, Legisher ) of ﬂléL’sci‘a_clﬁ)channel. At step 1404, the wave-
form sample is read out from the address SAD, and is set in.
the register TMP. In the scratch process called at step 1202
in Fig. 12(a), the read waveform data is ADPCM-expanded
and developed in a given region in advance, and the scratch
regioh SR is set in the given region where the waveform data _
is developed (steps 604 and 605 in Fig. 6). On the other hand, |
in the EX scratch process called at step 1222 in Fig. 12(c),
the waveform data composed of a sequence of linear samples
are inputted from the external source 111 and are written al-
ternately into the recording buffers SRB0 and SRB1, and the
scratch region SR is set in either of the recording buffers SRBO
and SRB1 which is not subjected to writing of the waveform
data at the time of starting of the operation of the ribbon
controller 106 (step 1007 in Fig. 10). In either case, only the
number of samples as required for the interpolation is read out
at step 1404.

Next, at step 1405, the interpolation among the read sam-
ples is performed depending on a decimal portion of the address
SAD, and the interpolated waveform sample is set in the regis-
ter TMP. Then at step 1406, the waveform sample TMP is ac-
cumulated in the j-th sample region PBf(j) of the reproducing
buffer PBT to produce the absolute sample value represented
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Fig: 2(d) shows a scratch region SR provided in the RAM 104. The scratch
region SR is prepared when the scratch node is designated. Wien the scratch
node is set, the waveform data corresponding to the designated pad is ADPCM
expanded with linear 16 bits, and is developed in an area of the RAM 104.

It is determned in advance as to whi chjd)art of the waveformdata is set to
the scratch region SR A certain address on the scratch region SRis set in
a scratch pointer SP as a scratch start address. A value of the scratch

oL ST 5 SARCPRAOTME Nog, se STt detammid obiahes bhor
In this case, (hheRoddr" teathdL ¥, ITF tHe/ plister JR1ddsPROE reabhr PRY e
the register j is incremented at step 1408 and the routine re-
turns to step 1403 so as to perform the processes relative to
the next sample. If the register j.reaches 127 at step 1407, the
process is finished.

Fig. 15 is a flowchart of the DR(m) routine executed by
the DMA controller 113 per sampling clock Fs generated by |
the Fs clock generator 110. The recording is performed when
mode m = 1, 5 or 6. First at step 1501, the waveform sample
is transferred from the input FIFO of the sound I/O 112 to
the sample region PBk(RP) of the recording buffer PBk desig-
nated by the recording pointer RP. The original musical tone
signal inputted into the A/D input terminal from the external
source 111 is A/D converted and loaded into the input FIFO.
When the mode m is the sampling mode (m = 1), the lin-
ear waveform sample A/D converted by the A/D converter is
ADPCM-compressed using the ADPCM compression function
of the sound I/O 112, and the compressed waveform sample
is transferred to the recording buffer RBk(RP) via the input
FIFO. On the other hand, when the mode m is the EX filter
mode (m = 5) or the EX scratch mode (m = 6), the linear
waveform sample which is A/D converted and is not subjected

to the ADPCM compression is transferred to the recording
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23 7106 at any position, the scratch reproduction is started fromthe start
address designated by the scratch pointer SP. Fig. 2(e) shows a scratch
regi.on prepared in the EX scratch node. In the EX scratch node, the
wavef orm data fromthe external source 111 is stored in recording buffers
SRBO and SRB1. The recording buffers SRBO and SRB1 are correspond- ing to
.the recording buffers RBO and RB1 expl afhed with ref- erence to Fig. 2(b),
and are alternately used |ikewi se RBO and RB1. Each of SRBO and SRBl1 has a

sufficient meRiffef BBE(RP) via the input FIFO. When m = 6, the record-
ing buffer SRBk(RP) is used instead of the recording buffer
RBK(RP). |
Subseduently, thé recording pointer RP is incremented at
step 1502. Step 1503 determines whether the recording buffer
RBk (when m = 6, SRBk, which is also applied hereinafter) is
filled up. If not filled up, the process is finished. If the record- _
ing buffer RBk is filled up, k is inverted (if 0, then converted |
to 1 and, if 1, then converted to 0) at step 1504. The inter-
ruption is generated at stei) 1505, and the process is finished.
This interruption is caused for requesting the CPU 101 to per-
form a process of writing the set of the waveform samples of
the filled-up recording buffer (RBk at this time point) into the
flash memory 103 so as to render the recording buffer vacant.
Fig. 16 is a flowchart of the DP routine executed by the
DMA controller 113 per sampling clock Fs generated by the
Fs clock generator 110. First at step 1601, the waveform sam-
ple PBr(PP) indicated by the reproducing pointer PP on the
reproducing buffer PBr is transferred to the output FIFO of
the sound I/O 112. As explained with reference to Fig. 1, the
waveform sample stored in the output FIFO is D/A converted,
and is then sent to the sound system 114 so as to sound the
musical tone. Next, the reproducing pointer PP is incremented

at step 1602. Step 1603 determines whether the last one of the
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ity Tor performng the scratch. For exanple, when the sanpling clock is 40
kHz, the nenory capacity is capable of storing no | ess than about 40 k
sanmpl es. One of SRBO and SRB1 which is not used at a nonment when the
operation of the ribbon con- troller 106 is started, is set as the scratch
region. Since there is a recording p0|n gr RP which indicates a witing
address in the recording buffer SRBO, data witing is currently per-
formed into SRBO. Accordingly, a part of the other recording buffer SRB1

i nto which thegga i’eé"’bftth'&ré Jicip g"Bﬁﬁ'éECPEr EeterSollfe scratch region

SR. Further, a ceftain addre s in the scratch region SRis set in the

CCat el pointer Bl RS9k i aihpl U th e dncipg Miker Bt

are reproduced at step 1603, r is inverted (if 0, then converted
to 1 and, if 1, then converted to 0) and the other reproducing
buffer is selected to be read out next at step 1604. Then at step
1605, an interruption is generated for requesting next provision
of the.wa,veform samples to the CPU 101, and the process is '
finished. If, at step 1603, there remains the waveform sample |
on the reproducing buffer PBr which is not reproduced yet, the
process is once finished.

Next, description is given on what timings the foregoing
flowcharts are executed in. the respective mode. First, the op-
eration in the normal mode (m = 0) will be explained. When
the normal mode is designated by the user using the mode
change-over switch, the register m is set to 0 in the forego-
ing mode SW event routine shown in Fig. 4. Since the normal
mode start process MS(0) does not perform any significant pro-
cess to be explained in particular, its flowchart is omitted. On
the other hand, when the operation of executing the DP rou-
tine per sampling clock F's is stopped by the EX scratch mode
or the like, MS(0) restarts its operation.

During the initialization at step 301 in Fig. 3 or in thé
résta,rting process of the reproducing operation by means of

the foregoing MS(0), the CPU 101 sets the sound source regis-
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(1) "'m an operation node register. O represents the nornal

24 node, 1 the sanpling node, 2 the filter node, 3 the pitch node,
4 the scratch node, 5 the EX filter node, and 6 t he EX scratch node.
(2) PN: a register for storing pad nunbers for identifying the

53

ters of all the channels in Fig. 2(a) to the note-off state, clears
all the sample regions of the reproducing buffers PB0O and PB1
of Fig. 2(c) to 0, instructs the sound I/O 112 and the DMA
controller 113 to perform the reproducing operation, and then
starts the generation of the sampling clock Fs by the Fs clock
generator 110. By this, the DMA controller 113 interrupts the
CPU 101 per sampling clock Fs from the F's clock generator 110
and executes the DP routiﬁ_e of Fig. 16 upon every interruption ”
so as to start the operé,tion of reproducing the waveform data
in the reproducing buffer.

Now, a timing of process upon the reproduction will be ex-
plained. Fig. 17(a) shows d timing chart upon the reproduc-
tion. Each of sections S1 to S5 represents a frame for executing
the reproduction of a set of the 128 samples. In the figure,
“waveform generation by CPU” represents a section where the
CPU 101 executes the waveform generation routiﬁe HS(0) of
Fig. 11(a) so as to perform the process of generating 128 sam-

" ples to be reproduced next in the reproducing buffer PBO or
PB1. On the other hand, “DP routine of DMAC” represents
a section fof performing the process of executing the DP rou-
tine so as to reproduce the waveform data in the reproducing
buffer. The DP rouﬁne is executed per interruptibn depending
on the sampling clock F's, and the interruption takes place 128

times at a regular interval within one frame. Numerals 0 to 4
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pads. (3) i:'a registef for storing channel nunbers of the channels for
assigning or allocating thereto tone generation. (4) FNi: a register for
storing an F nunber of the i-th channel where tone generation is
allocated. (5) TMP: a register for storing a detection value of the ribbon
controller 106. (6) RD: a register us 9 when a detection value fromthe
ri bbon controller 106 is changed for 4Sett| ng that detection value. (7)
RS: a flag for indicating a state of the ribbon controller
assigned to each of “waveform generation by CPU” and “DP
routine of DMAC” are numerals assigned for convenience for
indicating orders of the waveform generation and the repro-
duction.
In Fig. 17(a), first at section S1, the CPU 101 executes
HS(0) and generates or produces the waveform data (128 wave-
form samples) for the reproducing buffer PB0. At subsequent '
section S2, the DMA controller 113 executes the DP routine |
based on the interruption per sampling clock F's. By this, the
128 waveform samples of the reproducing buffer PBO generated
at section S1 are transferred to the outpui; FIFO of the sound
I/0 112 and reproduced in sequence at section S2. At the time
point where all the 128 waveform samples of the reproducing
buffer PBO are transferred to the output FIFO of the sound
I/0 112 (at termination of section S2), the interruption takes
place (step 1605). Upon this interruption as a trigger, the CPU
- 101 executes the waveform generation routine HS(0) at section
S3 and generates new waveform data (128 waveform samples)
for the reproducing buffer PBO.
The foregoing explanation has been made only with respect
to the reproducing buffer PB0. PB1 is also used alternately
with PB0. To sum up, the DP routine is executed based on the

interruption per sampling clock Fs so as to perform the repro-

duction of the waveform samples of PBO and PB1 alternately
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106. When the ribbon controller 106 is operated in nmanner such as a
finger or the like is in touch with the ribbon controller 106, the flag -
is set to 1. Wien a finger or the like is not in touch with the ribbon
controller 106, the flag is set to 0. (8) VEL: a register for setting

t he speed of touch action al ong t he 5rg bbon controller 106, specifically,
t he speed of nove-

with each other in such a manner: reproducing the waveform
samples of PB1 at section S1, reproducing the waveform sam-
ples of PBO at section S2, reproducing the waveform samples of
PB1 at section S3, reproducing the waveform samples of PBO
at section S4, and so on. HS(0) is executed based on the in-
terruption caused at the time point where the 128 samples are
reproduced at each section, and the next 128 samples are pro-
duced for one of PB0 or PB1 which is currently idling. In view
of the hierarchical structure of the software, the DP routine
belongs to level 1, while HS(0) belongs to level 2. Thus, if an
interruption is caused following sampling clock Fs while HS (0)
is executed, the DP routine is executed with priority. By this,
the reproduction by means of the DP routine and the wave-
form generation by means of the waveform generation routine
HS(0) can be performed in parallel with each other.

If the pad is not depressed in the normal mode (m = 0), all
0 samples in the reproducing buffer PB0, PB1 are repeatedly
reproduced at timings explained with reference to Fig. 17(a).
Because of the reproduction of all 0 samples, it is actually the
same as a case where no musical tone is generated. The pro-
cess will be explained wherein the pad is tapped in this state.
As shown by arrows of “pad” in Fig. 17(a), it is assumed that
the pad is set on at section S1. If the pad-on is detected in the

general routine, the note-on of the waveform data correspond-
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25 ment of the finger or the like which is in touch with the

ri bbon controller 106. (9) OD: a register for holding a | ast detection
val ye of the ri bbon controller 106. (10) SAD. a register for storing a
scratch reading address. (11) ADi: a register for storing a reading
address in the i-th channel (i = 1g4).

ing to the set-on pad is written in the sound source register
of Fig. 2(a) through the on-event routine of Fig. 7. The gen-
eral routine or the on-event routine belongs to lével 3 so as
to be operated in parallel to the waveform generation routine
HS(0) and the DP routine. The note-on written in the sound
source register is treated for the reproducing buffer in the next
execution of the HS(0).

Next, the operation in the sampling mode (m = 1) will be
explained. When the sampling mode is designated by the user
using the mode change-over switch, the register m is set to 1
in the foregoing mode SW event routine of Fig. 4. Further,
the sampling mode start process MS(1) is executed as shown
in Fig. 5. In MS(1), the DP routine is stopped and the sound
I/O 112 and the DMA controller 113 are instructed to per-
form the recording operation. By this, the DMA controller
113 interrupts the CPU 101 per sampling clock Fs fed from
the F's clock generator 110 and executes the DR(1) routine of
Fig. 15 upon every interruption so as to start the operation of
recording the waveform sample from the external source into
the recording buffer. |

Now, the timing of the process upon recording. will be ex-
plained. Fig. 17(b). shows a timing chart upon recording. Each
of sections S1to S5 represents a frame for executing the record-

ing of a set of 128 samples. In the figure, “DR routine of
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(12)" SFN: a register for storing an F nunber used when reading out
waveform data fromthe scratch channel sch. (13) RP: a recordi ng pointer
for .indicating a witing address of waveformdata into the recording
buffer. (14) PP: a reproducing pointer for indicating a reading address

of waveform data fromthe reproducing bg%fer. The foregoi ng synbol s
showi ng the registers and the like also”fepresent storage regions of the
registers and the like, and further represent data stored in those storage

regions. For DMAC” represents a section for performing a recording pro-
cess of executing the DR(1) routine so as to write the waveform
samples of the input FIFO of the sound I/O 112 into the record-
ing buffer. The waveform sample is obtained by A/D convert-
ing the external input signal and is ADPCM-compressed. The
| DR(1) routine is executed based on the interruption per s;a.m-
pling clock Fs, and this interruption is generated 128 times at ‘
a regular interval within on frame. In the figure, “writing into |
flash memory by CPU” represents a section for performing a
process where the CPU 101 writes the waveform samples of -
the recording buffer RBO or RB1 into the flash memory 103 so
as to render the recording buffer vacant at step 509 in Fig. 5.
Numerals 0 to 4 assigned to each section are numerals assigned
for convenience for indicating orders of the recording and the
writing into the flash memory.

In Fig. 17(b), first at section S1, the interruption is caused
per sampling clock Fs and the DMA controller 113 executes the
DR(1) routine upon every interruption. By this, the waveform
samples of the input FIFO of the sound I/O 112 are written
into the recording buffer RB0 in sequence. At the time point
where the 128 waveform samples are written into the recording
buffer RB0 at termination of section S1, an interruption takes
place (step 1505). Upon this interruption as a trigger, the CPU
101 writes the waveform samples of the recording buffer RB0
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16 are flowcharts for

m represent s

controller 113 in the sanpler of Fig. 1.
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58

into the flash memory 103 at section S2 (step 509) so as to
render the recording buffer RB0 vacant.

The foregoing explanation has been made only with respect
to the recording buffer RB0. RB1 is also used alternately with
RB0. To sum up, the DR(1) routine is executed based on

the interruption per sampling clock Fs so as to perform the

recording or writing of the waveform samples into RBO and

RB1 alternately with each other according to the sampling
clock Fs in such a manner: recording the waveform samples
into RB0 at section S1, recording the waveform samples into
RB1 at section 52, recording the waveform samples into RB0
at section S3, and so on. Based on the interruption caused at
the time point where 128 samples are recorded in each section,
the waveform samples of the recording buffer which completes
the recording are written into the flash memory 103. In view
of the hierarchical structure of the software, the DR(1) routine
belongs to level 1, while MS(1) belongs to level 3. Thus, if an
interruption is caused following sampling clock Fs while MS(1)
is executed, the DR(1) routine is executed with priority. By
this, the recording by means of the DR(1) routine and the
writing into the flash memory 103 by means of MS(1) can be
performed in para.llel with each other. |

Next, the operation in the filter mode (m = 2) will be ex-

plained. When the filter mode is designated by the user us-
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expl ai ni ng operations of the CPU 101 and t he DVA
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Her ei nbel ow,

a hierarchical structure of the software will be first

expl ai ned, and then a processing procedure of each of the software nodul es

wil| be explained according to the flowharts of Figs.

3 to 16. Thereafter,

the description is given on what timngs the software nodul es are executed

so as to achieve the function of each node. First, the hierarchical _

structure of the software is explai ned.3%rhe progranms shown in Figs. 3 to 16

aLe ([:):vzssﬁled as follows: |l evel 1: a DR(m routine of Fig. 15 operating
. the contr Hiodé dl*ﬁl ¥obPSRitEROtHeNbgishtd h B sefWo Beirdf Fi g.

%6 oper?ti ng %%% contr 5@113 in the’ wavef§rm reproducti on. | evel

. waveformg ; . I.nes ( Cy p m ng

wavef orm pr epgﬁgt&%ﬁggwg @O@Lﬁ ?glég%% rrgpgﬁ%)%%égﬁ)&le re&egal siI(i)éub’El nes

RC(m of Figs,

the ffter Hode start process MS(2) does not perform any sig-
nificant process to be explained in particular, its flowchart is
omitted. On the other hand, when the operation of execut-

ing the DP routine per sampling clock Fs is stopped by the

EX scratch mode or the like, MS(2) restarts its reproducing

operation likewise the normal mode start process MS(0).

The filter mode performs the reproduction in a manner es-
sentially the same as that of the normal mode. The DP routine
is executed per sampling clock F's and all 0 samples in the re-
producing buffer PB0, PB1 are repeatedly reproduced while
the pad-on is not achieved, which are the same as in thg nor-
mal mode, and a processing procedure upon pad-on is also the
same. Further, the timing upon reproduction is also the same
as in Fig. 17(a). However, in the filter mode, the RC take-in
routine RC(2) of Fig. 9 is executed each given timing based
on the timer interruption so as to ta.ke in the detection value
of the ribbon controller 106, and HS(2) of Fig. 11(b) is set,
instead of HS(0), as the waveform generation process of the
CPU 101 in Fig. 17(a). In the waveform generating routine
HS(2), the waveform samples of at most two tones based on
the pad-on are accumulated in the reproducing buffer, and the

filter process is performed with the filter coefficient depending
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retrieving the detection value of the ribbon controller 106 by the CPU 101.
Process routines of Figs. 13(a), 13(b) and 14 are included here as
subroutines of the waveform generation routines HS(m. | evel 3: a
general routine of Fig. 3 executed by the CPU 101. A pad scan routine, a SW
scan routine and various event routi ne566)f Figs. 4 to 8 are included here
ﬁZVZUPLEUL:gﬁzs?fpﬁrgrgfgéral r-outine. The process routines of level 1

on the detection value RD of the ribbon controller 106 relative

to the waveform samples of the reproducing buffer (steps 1112

and 1113). In the foregoing fashion, the filter control of the

reproduced tone by the ribbon controller 106 is performed.

In the filter mode, the number of tone generations is reduced

from four of the normal mode to two. In place of the reduction

in number of the generated musical tones, the filter process is ‘

applied to the reproduced waveform. Since a given number of

tone generations should be performed within a one-frame time,

although the four tones can be generated in the normal mode,

a process time becomes insufficient when the filter process is

applied to the generated tones. In this regard, the number of

tone generations is reduced to two so as to shorten the process

time for the waveform generation, while the additional filter

process is ﬁerformed in a remaining time.

Next, the operation in the pitch mode (m = 3) will be ex-

plained. When the pitch mode is designated by the user using

the mode change-over switch, the register m is set to 3 in the

foregoing mode SW event routine shown in Fig. 4. Since the

pitch mode start process MS(3) does not perform any specific .

process to be explained in particular, its flowchart is omitted.

'On the other hand, when the operation of executing the DP

routine per sampling clock Fs is stopped by the EX scratch

mode or the like, MS(3) restarts its reproducing operation like-
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27 °"Specifically, when an interruption for executing the process routine of
| evel 1 takes place while the process of level 2 or 3 is executed, the
process routine of level 1 is executed with the highest priority. The
processes DR(m and DP of level 1 are not executed by the CPU 101 but
executed by the DVA controller 113. Thug when the interruption for the
process of level 1 takes place, the ope 5tion of the CPU 101 is stopped
while the DVA controller 113 holds the bus Iine 115 so as to execute the

process of | ewelseltheé thorrhal mgdestapt proiceys N[SQO nterruption for the
process of level 1 is timed by the sanpling clock Fs. Specifically, the

e PL1 L obloh gty 8 oo b e
essentially the same as that of the normal mode. The DP
routine is executed per sampling clock Fs and all 0 samples
in the reproducing buffer PB0, PB1 are repeatedly reproduced
while the pad-on is not achieved, which are the same as in the
normal mode, and a processing procedure upon pad-on is also
the same. Further, the timing upon reproduction is also the
same as in Fig. 17(a). However, in the pitch mode, the pad-on
event routine of Fig. 8 is used instead of that of Fig. 7, and
the waveform generating routine of HS(3) of Fig. 11(c) is used
instead of that of HS(0) of Fig. 11(a). In the pad-on event
routine of Fig. 8, the F number FNi corresponding to the pad
number PN is generated. In the waveform generating routine
HS(3) of Fig. 11(c), the waveform sample is read out using
the address which is the sum of the F number FNi and the
address ADi so as to change the reading speed. By this, the -
reproduction with a desired pitch can be achieved.

In the pitch mode, the number of tone generations is re-
duced from four of the normal mode to two. In place of the
reduction in number of the generated musical tones, the pitch
shift process is applied to the reproduced waveform. Since a
given number of tone generations should be performed within

a one-frame time, although four tones can be generated in the
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i n tthe waveform reproduction, and DR(m in the waveform recordi ng. Wet her
DP or DR(nm) is executed or not upon the interruption at each sanpling cl ock
Fs i.s designated to the DVA controller 113 fromthe CPU 101 in advance.
The process of level 2 has the priority which is |ower than that of the
process of |level 1 but higher than thatgef the process of level 3.
Specifically, when an interruption for executing the process of |evel 2
takes place while the general routi-ne of |evel 3 is executed, the process
routine of | emsrmal anede;ua cpradess tirhe becomesThrsutficientt iwkenfthée DVA
‘controller 113 reproduces or reads out the waveformdata fromthe
[) eproduci ng byfiteh shift iproeessiis applie€Rd 1Be pbrerited tepesdulri thidvuffer
e_

regard, the number of tone generations is reduced to two so as

to shorten a process time for the waveform generation, and the

pitch shift process is performed in a remaining time.

Next, the operation in the scratch mode (m = 4) will be

explained. When the scratch mode is designated by the user
using the mode change-over switch, the register m is set to |
4 in the foregoing mode SW event routine shown in Fig. 4.
In the scratch mode start process MS(4), the waveform data
to be scratch-reproduced is developed in the given region and
the scratch region SR and the scratch pointer SP are set in
advance. Although not shown in Fig. 6, when the operation of
executing the DP routine per sampling clock F's is stopped by
the EX scratch mode or the like, MS(4) restarts its operation
likewise the normal mode start process MS(0).

In the scratch mode, the reproduction of the two tones
caused by the pad-on is performed in a procedure essentially
the same as that of the normal mode. The DP routine is
executed per sampling clock Fs and all 0 samples in the re-
producing buffer PB0, PB1 are repeatedly reproduced while
the pad-on is not achieved, which are the same as in the nor-

mal mode, and a processing procedure upon pad-on is also the

same. Further, the timing upon reproduction is also the same
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28 Tones vacant. In response to this interruption, the CPU 101 executes
t he wavef orm generati on routi ne HS(n) -and provi des next sanple val ues of
the waveformto the reproduci ng buffer. The ribbon value retrieval routine
RC(m is started by a tinmer interruption. Specifically, the tiner
I nterruption takes place every clock outputted fromthe tiner 105 at a
given interval so that the CPU 101 exec®3es the ribbon val ue retrieval
routine RC(n) to take in the detection value of the ribbon controller 106.
as in Fig. 17(a). However, in the scratch mode, the RC take-in
routine RC(4) of Fig. 10 is executed by the timer interruption
so as to take in the detection value of the ribbon controller
106. The note-on is written in the sound source register sch of
the scratch channel at the start of the operation. Further, the -
velocity VEL of the ribbon controller 106 is detected and writ-
ten in the sound source register sch. The waveform generation
process of the CPU 101 is set to HS(4) of Fig. 12(a) instead of
HS(0). In the waveform generating routine HS(4), the genera-
tion of the waveform samples for the two tones caused by the
pad-on is performed by the normal 2 subroutine likewise the
normal mode. Further, using the scratch subroutine (Fig. 14),
the waveform sample in the scratch region SR is read out using
the address SAD derived by adding the F number SEFN to the
address SAD. The read waveform sample is accumulated in the
reproducing buffer PBT. By this, the scratch reproduction us-
ing the designated waveform data can be achieved in addition
to the two tones caused by the pad-on.

In the scrafch mode, the number of tone generations is re-
duced from four of the normal mode to two. In place of the
reduction in number of the generated musical tones, the scratch
tones are genera,ted; Since a given number of tone generations

should be performed within a one-frame time, although four

tones can be generated in the normal mode, a process time
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The 1 evel 3 represents the process routine having the |owest priority. The
CPU 101 repeatedly executes the general routine of Fig. 3 and further '
execut es the given subroutines upon oc- currence of an on-event of the pad
107 or an operation event of the panel SW 109. Next, the operating
procedure of the respective software nodules will be explained according to
the flowcharts of Figs. 3 to 16. Fig. 3 €hows the general routine of |evel
3. When the sanpler is powered on, the CPU 101 executes this general rou-

tine. First athbetcpesOinsufficiants wlmﬂltaie setatditones greciddidiondlly
particul ar, the operatlon node mis set to the normal node as indi cated by

m= 0, anote %gﬂ 2:?@ t%11§eferga9da'ﬂl}é RRirABRR- of‘%ﬁeoéeﬁélea t3oHEqssour ce

regi ster of Fi e reglons of the’reproducing

buffers PBO a'}%h RLPLS tﬁ}oeé’d 8¢ tobHdtn PPrbbsd tmb Tot the' % alefRiim! he PV

101 instructs the fe-
generation, and the scratch tones are generated by using the

remaining time.

Next, the operation in the EX filter mode (m = 5) will
be explained. When the EX filter mode is designated _by the
user using the mode change-over switch, the register m is set .?
to 5 in thé foregoing mode SW evént routine shown in Fig. 4.
Although a flowchart of the EX filter mode start process MS(5)
is omitted, MS(5) executes the starting process of the DR(5)
routine. Specifically, the CPU 101 instructs the sound I1/O
112 and the DMA controller 113 to interrupt the CPU 101 per
sampling clock F's fed from the Fs élock generator 110 and to
execute the DR(5) routine of Fig. 15 upon every interruption so
as to start the writing operation of the waveform samples from
the external source into the recording buffer RBk. At this time,
the operation of interrupting the CPU 101 per sampling clock
Fs fed from the Fs clock generator 110 and of executing the
DP routine of Fig. 16 upon every interruption to reproduce the
waveform data in the reproducing buffer is not stopped. If the
operation of executing the DP routine per sampling clock Fs
is stopped by the EX scratch mode or the liké, MS(5) restarts

- its operation likewise the normal mode start process MS(0).
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29 “producing process to the DVA controller 113. In response to this, the
DVA controller 113 interrupts the CPU 101 every sanpling clock Fs fromthe
Fs ¢lock generator 110 and exe- cutes the DP routine of Fig. 16 upon every
interruption so as to start the operation of reproducing the waveform data

held in the reproduci ng buffer. Furtherésthe timer 105 is started dur-

lSpeciﬁca.lly, DP and DR(5) are executed per sampling clock
Fs. In this case, since DP and DR(5) are operated following
the same sampling clock Fs, they operate synchronously so
that the interruption at step 1605 of the DP routine and the
interruption at step 1505 of the DR(5) routine take place at the
identical timiﬁg. Upon the interruptions caused at the same
timing as a frigger, the waveform generating routine HS(5) of
Fig. 12(b) is executed. In the EX filter mode, the external |
input signal is not recorded substantially. The external input
signal is taken in the DR(5) routine, but this is for filtering the
taken-in waveform data. Thus, the writing of the signal into
the flash memory 103 is not performed.

When the interruptions take place according to DP and
DR(5) at the same timing as described above, 128 linear sam-
ples of the waveform data from the external source 111 are writ-
ten in the recording buffer RBk while the reproducing buffer
PBT is vacant. The waveform generating routine HS(5) per-
forms the ﬁltefing process relative to the 128 waveform samples
of the recording buffer RBk and ‘sets the resultant 128 wave-
form samples in the reproducing buffer PBf. The RC take-in
routine RC(5) of Fig. 9 is executed

by the timer interruption so as to take in the detection value
RD of the ribbon controller 106. The filter coefficient of the fil-

tering process is determined depending on the detection value
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ing-the initialization. By this, the CPU 101 executes the RC retrieval
routine RC(nm upon every timer interruption based on the clock fromthe
timer 105 so as to start the process of retrieving the detection value from
the ribbon controller 106. Next, a pad scan process is executed at step
302, then an SWscan process is executed at step 303, and thereafter the
routine returns to step 302 to repeat t¢fe same processes. The pad scan
process of step 302 is carried out to detect whether there is any on-event

of the ten pa 14, ' [ bgs. 7
O G e L

and 8 when there is 'SWscan proce 303 is

carried out t : | t ' d
ot and_ exec e IREHEriBRRR CoRtEdller 166 RENES 60" itbut 8 ARSI O
the operati Onj]ﬁgd %ﬁfs?éaqe Sne with%edired WhikePSRatifEvent routine which

I's called upo

Next, the operation in the EX scratch mode (m = 6) will
be explained. When the EX scratch mode is designated by
the user using‘the mode change-over switch, the register m
is set to 6 in the foregoing mode SW event routine shown in .
Fig. 4. Although a flowchart of the EX scratch mode start pro- |
cess MS(6) is omitted, MS(6) executes. the following process.
Specifically, the CPU 101 instructs the sound I/O 112 and the
DMA controller 113 to interrupt the CPU 101 per sampling
clock Fs fed from the Fs clock generator 110, and to execute
the DP routine of Fiig. 16 upon every interruption so as to stop
the operation of reproducing the waveform samples in the re-
producing buffer PBr. Further, the CPU instructs the sound
I/O 112 to directly connect between the A/D input and the
D/A output and to directly feed the musical tone signal from

" the external source 111 to the sound system 114 so as to emit
sound. Further, the CPU 101 instructs the sound I/O 112 and
the DMA controller 113 to interrupt the CPU 101 per sampling
clock Fs from the Fs clock generator 110 and to execute the
DR(6) routine of Fig. 15 upon every interruption so as to start
the operation of writing the waveform sample from the exter-

nal source into the recording buffer SRBk. In the EX scratch
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detection of the actuation of the node change-over switch in the SWscan
process of step 303 in Fig. 3. In the node SWevent routine, a value

i ndi.cati ve of the operation node des-

30 ignated depending on the operation of the node change-over switch is
set in the register mat step 401, and gfe display 108 is controlled
according to the designated node mat step

mode, the external input signal is not recorded substantially.
The external input signal is taken by the DR(6) routine, but
the taken-in waveform data is used for the scratch reproduc-
tion. Thus, the writing of the data into the flash memory 103
is not performed. Further, since the timer interruption is set
effective during the initialization at step 301, the RC take-in
routine RC(6) of Fig. 10 is executed per a g”iven timing based
on the timer interruption by the timer 105.

While the ribbon controller 106 is not operated, the i)ro'cess
is finished through steps 1001 — 1002 — 1003 — END in RC(6)
of Fig. 10 so that the .process of directly feeding the external
input signal to the sound system 114 is continued. Further,
since the DR(6) routine is executed based on the interruption
per sampling clock Fs, the linear waveform samples obtained
by A/D converting the external input signal are written into
the recording buffers SRB0 and SRB1 alternately via the input
FIFO.

When the operation of the ribbon controller 106 is started
such as the finger or the like is in touch with the ribbon con-
troller 106, the routine proceeds through steps 1001 — 1002
— 1004 — 1005 in RC(6). At next step 1006, the CPU 101
instructs the DMA controller 113 to stop the execution of the
DR(6) foutine by interrupting the CPU 101 per sampling clock
F's and sets the scratch region SR in the recording buffer SRBk
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402: Then, a starting process M5(m corresponding to the designated node m
IS executed at step 403, and thereafter the process is term nated. Fig. 5
is a flowchart of a sanpling node start process M5(1) which is called at
step 403 in Fig. 4 when the user designates the sanpling mbode (m = 1) usi ng
t he node change-over switch. In the MS((;L process, first at step 501, it is
det erm ned whet her the designation of %ad Is perforned. If the

desi gnation of any pad is not perforned step 502 detern nes whet her the

desi g- nationhidhes epePf tHe e resoftinlg buffees SRBG hadd8RBhatébn of

t he sanpling node continues, the routine returns to step 501 so as to urge

the designati Pt nﬂ@%ﬂ?ﬂectggs#é th@ewgﬁ:g’%gnﬁé'dl%c?fb&i‘)bvﬂhdréfér&i&?ﬁ ed at

step 501, a nun¥ DbBer“o nated pad°ls stored or reserved in the

register PN at SEqp SH3). afrﬁ'efcﬁ,C%Q' Bledbtiiehittd P VdlaePst fHd Bdrtctst eP

pointé_r SP is set as the initial reading address SAD at step
1007. Further, at step 1008, 128 samples to be reproduced first
are generated for the reproducing buffer PBr, and the CPU in- -
structs the DMA controller 113 to restart the execution of the
DR routine by interrupting the CPU per sampling clock Fs. !
Further, the interruption of the same significance as the inter-
ruption caused at step 1605 of the DP routine in Fig. 16 is
generated. By this interruption, HS(6) is executed, and 128
samples to be scratched next are generated in PBT. Further,
under the command from the CPU 101, the direct connection
from the A/D input of the sound I/O 112 to the D/A output
is cut so as to stop feeding of the musical tone signal directly
from the external source 111 to the sound system 114.
| Further, if the finger or the like moves while being in touch
with the ribbon controller 106, the routine proceeds from step
1004 to step 1011 so that the velocity VEL is detected and set
in the sound source register sch. On the other hand, in the DP
routine which is executed based on the interruption per sam-
pling clock Fss, the reproducing buffers PBO and PB1 are al-

~ ternately accessed successively. Accordingly, the reproduction

of the scratch tone is started based on the sound source regis-
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504: The recording preparation is perfornmed for ensuring the recording
buffers RBO and RB1, the recording region on the flash nenory 103 and ot her
regions. Further, the DVA con- troller 113 is instructed to stop the
execution of the DP routine which is executed by interrupting the CPU 101

eacg_sanpling clock Fs. Next, at step 58§, it is determ ned whether a
condi - 31

ter sch from the time point where the operation of the ribbon
controller 106 is commenced. In particular, in the waveform |
generating routine HS(6) of Fig. 12(c) which is triggered by
the interruption at step 1605 of the DP routine, since RS = 1
is held while the operation of the ribbon controller 106 is per-
formed, the routine proceeds from step 1221 to step 1222 so
that the EX scratch process of Fig. 14 is executed. In the
EX scratch process of Fig. 14, the waveform sample in the
scratch region SR is read out using the address SAD derived
by adding the F number SFN, which depends on the detected
velocity VEL, to the address SAD and set in the reproducing
buffer PBF. Although it appears that the accumulation of the
read data is performed at step 1406, since all 0 samples are
set in PBT, the waveform samples TMP to be scratched are
substantially set in PBT. In the foregoing arrangement, the
scratch reproduction using the waveform data inputted from -
the external source is achieved.

Figs. 18(a) and 18(b) show examples of conversion from the
velocity VEL to the scratch F number SFN performed at step
1401 in Fig. 14. This conversion may be achieved through cal-
culation or by means of a table. Fig. 18(a) shows an example
wherein a variation .of the F number SFN increases as an ab-
solute value of the velocity VEL increases. This realizes the

scratch effect such a manner that a pitch variation is significant
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tiom (trigger) for starting the recording is satisfied or not. The
condition for the start of recording, for exanple, is such that the
recqording is started when the input |evel becones no | ess than a given

value. If the condition for the start of record- ing is not satisfied, step
506 determ nes whether to stop the recording. If the recording conti
the routine returns to step 505. If th8 condition for the start of

recording is satisfied at step 505,

step 507. The efed wi¥n 'th@olreﬂ%bﬁ the R§bbbncabhirolbér 06€id diallnst r

the start of

recording to the

every interrupil Qofi%Eehd Scratch, the number of bits at a decimal portion

of the scratch address SAD may be reduced if necessary. Specif-
ically, the number of bits at a decimal portion of the address
SAD derived at step 1403 in Fig. 14 may be reduced. This

nues,

the recording is actually started at

ucting

controller 113 fromthe CPU 101. By this,

the Fo. ol ock genoriorni i easg bl Solbrol I pRpSe bt e Tep;

15 upon

Fs from-

can reduce the calculation amount of interpolation performed

at step 1405. Further, using a table shown in Fig. 18(b) upon ..

conversion from the velocity VEL into the scratch F' number
SFN, the number of bits at the decimal portion of the F num-
ber SFN can be decreased to reduce the calculation amount of
the interpolation. |

Further, in the foregoing EX scratch mode, the waveform
data fed from the external source is stored alternately into the
recording buffers SRB0 and SRB1, and the scratch region is
set in the recording -buffer which is not subjected to writing
at the time of starting the operation of the ribbon controlier.
On the other hand, it may be arranged that no less than three
recording buffers are provided in which the waveform data is
stored in turn in a ring fashion, and the scratch regions are sef
in a plurality of the recording buffers which are not subjected
to writing at the time of sté.rting the operation of the ribbon
controller. With this arrangement, since the scratch regions

are set in the plurality of recording buffers, the scratch region
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start a process of setting the waveformdata inputted fromthe external
source 111 into the recording buffer RBk via the input FIFOin the sound
1/0.112. Next, at step 508, it is determ ned whether the recording
buffer is filled up. As will be explained in detail with refer- ence to
Fig. 15, in the DR(1) routine, the waveform sanples of the external source
are transferred to the recording buffer ®Bk. Wen RBKk is filled up, k is
inverted to cause the in- terruption. Step 508 awaits this interruption and

deter m nes whethphcitie siffeldithdoPWheeket&tdt |dagd BY ensirbde MirthiesPt i on
since the capacity of each of the recording buffers can be set
small, the data amount on the recording buffers which are sub-
jected to writing at the time of starting the operation of the
ribbon controller is decreased. Thus, the data not used for the
scratch can be reduced. Stated otherwise, discarded portion of
the data can be saved.

In Fig. 17(a), the head timings of the pad-on detection sec-
tion, the section of the waveform generation by the CPU and
the execution section of the DP routine of DMAC are shown
to coincide with each other. However, this is not necessarily
required, and the respective sections may be offset from each
other. This also a,pplies to the timings upon recording shown

- in Fig. 17(b). Further, in Fig. 17(a), the CPU performs the
waveform generation at the time point where the reproduc-
tion of the samples in one of the reproducing buffers is finished
in the DP routine. On the other hand, it may be arranged
that the number of remaining samples not reproduced is de-
tected in the reproducing Buffer. When the detected number
becomes no more than a given value, new samples are gen-
erated in vacant portions. Accordingly, by adjusting timings
of reproduction and generatibn of samples, the number of the
reproducing buffers may be one or no less than three.

Fig. 19 shows an additional embodiment of the inventive
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32 -takes place, this neans that the recording buffer RBk is filled with

t he wavef orm sanpl es. Thus, the waveform sanples of the recording buffer
RBk .are witten into a predeterm ned re- gion of the flash nmenory 103 at
step 509, and thereafter the routine returns to step 508. If the
recording buffer is not filled up (no interruption fromthe DR(1) routine)
at step 508, step 510 determ nes whet hef2to finish the recordi ng process.
The recording process |s finished upon an on-event of a recording stop

;‘S\IMatsﬁhrrg];n t gfyﬂliﬁggél s fill ggfea‘%ﬂ{g h?’?)a{rgﬁﬁﬁgg‘e%ﬁt ﬁ%%%gﬂ}%g{éo | 'r?ga’tgfocess
sically the same construction as the first embodiment shown
in Fig. 1. The same components are denoted by the same
references as those of the first embodiment to facilitate bet-
ter understanding of the additional embodiment. The storage
such as ROM 102, RAM 104 and a hard disk (not shown)
can store various data such as waveform data and various pro- '
grams including the system control program or basic program, |
the waveform reaﬂing or generating program and other appli-
cation programs. Normally, the ROM 102 provisionally stores
these programs. However, if not, any program may be loaded
into the apparatus. The loaded program is transferred to the
RAM 104 to enable the CPU 101 to operate the inventive sys-
tem of the musical tone generating apparatus. By such a man-
ner, new or version-up programs can be readily installed in the
system. For this purpose, a machine-readable media such as a
CD-ROM (Compact Disc Read Only Memory) 151 is utilized
to install the program. The CD-ROM 151 is set into a CD-
ROM drive 152 to read out and download the program from
the CD-ROM 151 into the RAM 104 through the bus 115. The
machine-readable media may be composed of a magnetic disk
or an optical disk other than the CD-ROM 151.

A commuriication interface 153 is connected to an exter-

nal server computer 154 through a communication network
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shoul d not finish at step 510,

the routine returns to step 508 to continue

the recording. If it is judged that the recordi ng process should finish at

step 510,

the recording finish process is executed at step 511 by

i nstructing the DVA controller 113 to stop the execution of the DR(1)

routine.

n return to the nornal

Then, at step 512, the register 3mls set to O to return to the
I

nor mal node, and the process is fini shed. node,

t he

DVA controller 113 is instructed to start t he execution of the DP routine

by interruptings5thg @ HSJIQANg'SL&aAIpAtEQ Néﬁ%ﬁbrfg OBhB]j%' %Ibghoﬁ%”ﬁéﬁ-v

t he sanpling node start proce

Is quit at step he re

{2 inishea. - PHoiE #i8 IPTURNETIS HRCE Frndd Mofdge UG A0FRebde”

regi ster m

needed data or program, the communication interface 153 is

activated to receive the data or program from the server com-

puter 154. The CPU 101 transmits a request to the server

computer 154 through the interface 153 and the network 155.

In response to the request, the server computer 154 transmits

the requested data or program to the apparatus. The trans-

mitted data or program is stored in the storage to thereby

complete the downloading.

The inventive musical tone generating apparatus can be

implemented by a personal computer which is installed with

the needed data and programs. In such a case, the data and

programs are provided to the user by means of the machine-

readable media such as the CD-ROM 151 or a floppy disk. The

machine-readable media contains instructions for causing the

personal computer to perform the inventive musical tone gen-

erating method as described in conjunction with the previous.

embodiments. Otherwise, the personal computer may receive

the data and programs through the communication network

155.

As described above, according to the present iﬁvention, al-

though the number of musical tones concurrently generated

by the software sound source is reduced, the optional mode
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33 -is set to O to thereby return to the nornal

node at step 514, and then

the process is finished. Process at steps 513, 514 is the sane as that of

st ep- 512.

node (m = 4) using the node change-over_sw tch.

_ : Fig. 6 is a flowhart of the scratch node start process M5(4)
which is called at step 403 in Fig. 4 when the user designates the scratch

In the MS(4) process,

first

at step 601, it is determ ned whet her tHe designation of a pad is perforne
I f the designation

or not.

for performing the digital tone quality filter process, the pitch
giving process or the scratch effect.giving process is provided.
Thus, the function which has not been achieved by the conven-
tional software sound source can be realized so that the musical

tone generation which meets various purposes of the user can

be achieved.

Further, according to the invention, in the tone generat-

ing apparatus for reading the digital waveform data to repro-
duce a corresponding muéica.l tone, the detecting implement
is provided to detect the touch action of the user. The wave-
form data is read out according to modified reading addresses
which are determined depending on the detected touch action.
By such a manner, the inventive digital music apparatus can
create the natural scratch effect which has been obtained only
by the conventional .a.na.log music apparatus, in response to
the user’s touch action. Further, the waveform data is read
out from a predetermined top address when the touch action
is initiated. Thus, the waveform data is always retrieved from
the predetermined top address wherever the user touches the

scratch detecting implement. Thus, the same repeat scratch

~ operation is realized by the invention as performed using an

analog record disk in which a particular section of the record
disk is repeatedly reproduced in synchronization with a rhythm

of the music. Moreover, the outputs from the detecting imple-
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of dny pad is not perfornmed, step 602 determ nes whether to quit the

desi gnation of the scratch node. If the designation process of the scratch
mode shoul d be continued, the routine returns to step 601 so as to urge the
desi gnation of the pad. If the designation of any pad is perforned at
step 601, a nunber or code of the designated pad is reserved in the

regi ster PN at step 603. Then, preparati’® for performing the scratch is
made at step 604. This is a process of reading out the waveform data

recorded corr dh,ﬁsa(gﬂféﬂéﬁt gg{@c%seal t6 odetded bl velodipyosd thes,

ADPCM expandi ng t e read wavefor a and devel opi ng the expanded waveform

data in a giv 1{&9'&% (;bﬁeEA%ﬁof}angBT@ Ply th@ﬂxﬁﬁqﬁ%ﬁé ghpart of

t he wavef orm aadeve A the given reégion o IS set to be

the scratch r e(g?réﬁpgn%é t:t;% E(&lﬁ%%l @ﬁ:t}gﬁj tﬂ‘fe ¥ nq{ﬁi%e? 'snzigéurﬁ%l{ﬁ&i §oenting

an address of

the reading address for use in reading of the waveform data.
By such a manner, a variation range of the F' number can
be expanded with a limited length of the linear detecting im-
plement, thereby realizing wide scratch control. Additionally,
according to the invention, the scratch effect can be applied to
a fresh waveform which is inputted from an external source in
real time basis. Thus, the user can scratch a desired section
of the reproduced musical tone during the live performance of

the music.
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set ‘to a predeterm ned value. If the scratch node designating

34 process is quit at step 602, the register mis set to_0 to thereby
return to the normal node at step 606, and the process is finis

Fig. 7 shows a flowhart of the pad on-event routine which This Sheet fy
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1. A computerized music apparatus installed with a program

What is claimed is:

which is executed to perform reproduction of a musical
tone by reading out a corresponding waveform, the appa-

ratus comprising;:

storage means for storing a plurality of waveforms corre-
sponding to different musical tones, each waveform being
stored in the form of a sequence of amplitude value data

arranged at a given sampling period,;

designating means for designating at least one of the stored
waveforms to command reproduction of a corresponding

one of the musical tones;

switching means operable by a user for switching the re-
production of the musical tone between a normal mode

and an optional mode; and

reproducing means allotted with relatively high perfor-
mance under the normal mode for concurrently reading
out a number of the designated Waveforms.from the stor-
age means according to the program so as to concurrently
reproduce the number of the corresponding musical tones,
otherwise the reproducing means being allotted with rela-
tively low performance under the optional mode such that

the number of the musical tones concurrently reproduced



Is ealled upon detection of the on-event ofTheTards—-re::’—af—s—t—ep 302 in

Fig. 3 when the nobde mis set to the normal |Iter m)de or the
scratch mode (m= 0, 2, 4). In this on- event step 701, a
pad nunber of the pad 107 where the on-event oc ﬂ the register

PN. Then, step 702 determ nes whet her tgz wavef pondl ng to
t he pad nunber PN is reserved on the flaSh nenory 103. |f there is no
wavef orm data corresponding to the pad nunber PN, the process is finished.

I'f the waveform dfﬁx?déﬁ'thes@?ﬁ@ﬂ%ﬂ o dd1és padubedbes doimparéduedthatst ep
702, allocation or assignne of the tone generation channel is perfornmed

703. Th
of tone generati on e ahs nOPAHL Bodé RRIIOHHE kotiidfingemisthalg et
node, since four faﬁfft}g&aﬁfegﬁ %@Wébﬁﬂtﬂéﬁfgﬂ%@h‘aﬂ%&t tHBS(Bptlb‘haFlhere S

a vacant channel

mode for digitally processing the designated waveform to
impart a specific sound effect to the reproduced musical

tone according to the program.

2. A computerized music apparatus aecording to claim 1,
wherein the switching means comprises means switchable
between the normal mode and a filter optional mode such
that the reproducing means operates under the filter op-
tional mode for digitally processing the designated wave-
form by filtering to impart the specific sound effect such

as to modify a timbre of the reproduced musical tone.

3. A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable
between the normal mode and a pitch optional mode such
that the reproducing means operates under the pitch op-
tional mode for digitally processing the designated wave-
form by changing reading speed of the designated wave-
form to impart the specific sound effect such as to modify

a pitch of the repi'oduced musical tone.

4. A computerized music apparatus according to claim 3,

further comprising pitch specifying means operable by the
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charmmel s, each tone generation is allocated to that vacant chan- nel. On
the ot hegis §R0%as Been RlolacdgN€ four channel's are used for tone generation, the

t one gen | ed in the ol dest channel where the tone generation
s st art§ "ﬂﬂ"\"ﬂem est tinme point, and another tone generation is newy
al | ocate : 35 that channel. In the
filter node or the scratch node, since

user for specifying a pitch of a musical tone to be repro-

duced so that the reproducing means operates under the

pitch optional mode to impart the pitch specified by the

pitch specifying means to the reproduced musical tone.

5. A computeriied music apparatus according to claim 4,
wherein the designating means and the pitch specifying
means comprise a common implement manually operable ,
by the user such that the common implement is used as the
designating means for designating the waveform under the
normal mode while the common implement is used as both
of the designating means for designating the waveform and
the pitch specifying means for specifying the pitch of the

musical tone cdrresponding to the designated waveform.

6. A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable
between the normal mode and a scratch optional mode
such that the reproducing means operates under the scratch
optional mode for digitally processing the designated wave-
form by irregularly cha,hging reading addresses of the des-
ignated waveform to impart the speciﬁc sound effect such

as to scratch the corresponding musical tone.

7. A computerized music apparatus according to claim 6,

further comprising a scratch implement manipulated by

AR




tones can be concurrently generated at nost, each tone gen- eration is
allocated to the 'fhiisrsﬁ&tﬁ&ﬁmﬂceﬁhannel in a simlar fashion. A nunber of

704, various data

t he,al | ocat ed chan[E

address ADI of wav

AEIN

t he tone generation including a head

m[)he‘reg- ister i. Subsequently, at step

e reproduced are set in the sound source

register ich of the i-th channel. The not®- on command is further set and
the process is finished. Fig. 8 shows a flowhart of the pad on-eve

routine which is cghé eeriRNinphe Gcratclolopdiativn eevetliatothehepredud07 at
step 302 in Fig. 3 when the node mis set in the pitch node (m= 3).

ffg hbAk, Aot BRder AIRAAcHITIEOPRloRAP TRIdC1RF, Wher e

pad on-event routi
t he on-event occur

S set e reglster

channel all ocati ongp g peid GHE Yedlirtg Hd dPsseb of ThePbSEARAT WaREe

tones can be concur-

form according to the inputted scratch operation.

A computei*ized music apparatus installed with a program

which is executed to perform reproduction of a musical
tone by reading out a corresponding waveform, the appa-

ratus comprising:

storage means for provisionally storing a plurality of wave-
forms corresponding to different musical tones, each wave-
form being stored in the form of a sequence of amplitude

value data arranged at a given sampling period,;

designating means for designating at least one of the stored
waveforms to command reproduction of a corresponding

one of the musical tones;

receiving means for receiving a fresh waveform in real time
basis when the fresh waveform is inputted from an external

source;

switching means operable by a user for switching the re-
production of the musical tone between a normal mode

and an optional mode; and

reproducing means operative under the normal mode for

reading out the stored waveform designated by the des-
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In the

e tone generation
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rent*;iy generated at nost, the channel all ocation is perfornmed within the
maxi nrum t one generati on nunber 2. Then, at step 803, the pad nunber PN is
converted into a corresponding F nu umber whi cﬁllaSile@éIaSanR@@c«vdegl ster FNi

Subsequently, at step 804, various data |ncI u &Nﬂ‘ J dress of

readi ng waveform data to be reproduced gra set for achiev-
I ng the reproduction of the nusical ton vmth a prtc |n t he sound
source register ich of the i-th channel. The note-on
ignating means from the storage means according to the
program so as to reproduce the musical tone correspond-
ing to the designated waveform, otherwise the reproduc-
ing means being operative under the optional mode for
stopping the reading of the stored waveform designated
by the designating means and instead for processing the
fresh waveform received by the receiving means so as to re-
produce the musical tone corresponding to the fresh wave-

form such that a specific sound effect is imparted to the

reproduced musical tone according to the program.

9. A computerized music apparatus according to claim 8§,
wherein the reproducing means includes filtering means
operative under the optional mode for processing the fresh
waveform by digital filtering to thereby impart the specific
sound effect such as to modify a timbre of the reproduced

musical tone.

10. A computerized music .appa,ratﬁs a,ccbrding to claim 8,
wherein the reproducing means includes scratching means
operative under the optional mode for irregularly pro-
cessing the fresh waveform to thereby impart the specific
sound effect such as to scratch the reproduced musical

tone.

11. A computerized music apparatus according to claim 10,
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36 ~command is further set, and thereafter the process is fimrshed—tn—thts

process, one pad 107 is depressed to designate a desired wa 1, .8 t
concurrently specify a corresponding F num ber, which is s\ell'[%scgilg;lt asrhd laced
source register ch to determne a pitch applied to the reprode Uﬂﬂ

Fig. 9is a flowhart of the RC retriev%ll routine RC(m) for t

detection value of the ribbon controller~106 when the node mis set in the
filter node or the EX filter node (m= 2 or 5). This is a process of taking

in the detection Vﬂﬁhe&@éoﬁﬁﬁ%%s&%ﬁ gﬁgiéeﬁ%ﬂtr ShaRipilged Bgé?n)

controller 106. Fig. 10 is a'flo art of th retrieval routine

for taking in the fet Geldrofo Vit Srd{ih LfeRaIGiO Mol hhETtH Sciich { he

node mis set int scrat e or t cratch no
ing means operates according to the inputted scratch op-

eration for irregularly changing reading addresses of the
fresh waveform which is temporarily stored after the same
is received by the receiving means to thereby scratch the

reproduced musical tone.

12. A music apparatus for reproducing a musical tone by read-
ing out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into the
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
quence of amplitude value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for dutputting a positional value corresponding

to the detected point of the touch action;

retrieving means for periodically retrieving the positional
value outputted from the detecting implement to monitor

the touch action; and

reproducing means for variably determining each reading

' T D




(m="A4— ; IS 1s a process of taking in the detection value for
performng the scratch control by the ribbon controller 106. The timer 105
i s SThigSheatH initialization at step 301 in Fig. 3. The CPU 101
execu ' t‘ nterruption at a given tinme interval. The RC retri eval
routi . 9 is executed \A'hezﬁlthe node mis set to 2 or 5 by the
timer ‘interruption. On the other hand, e other RC retrieval routine RC(m
of Fig. 10 is executed when the node mis set to 4 or 6 by the tiner

interruption.  Theldi@ssedcdordihgr tuittheerdtiened rones2ob)thef pbsifional s first
expl ained. First at step 901, the detection value of the rib-
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the reproducing means comprises means opera-
tive when the touch action is initiated for starting to read
out the waveform from a predetermined start reading ad-
dress, and being operative during the course of the touch
action for continuing to successively read out the wave-

form according to each determined reading address.

13. A music apparatus for reproducing a musical tone by read-
ing out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into the
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
quence of amplitude value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for outputting a positional value corresponding
to the detected point of the touch action;

* [ L M s *




37 ~"bon controll er T06 75 set—in—the register TMP. Subsequently, at step
902, it is determ,ﬂl ther a succeedi ng detection value changes as

vx/n
conpared to a prece hcedal ue retrieved at the last tinmer
interruption. If th u e, the process is finished. If there is a
change, the detecti set in the register RD at step 903 and
the process is finished. 83
retrieving means for periodically retrieving the positional
value outputted from the detecting implement to monitor

the touch a,ction; and

- reproducing means for variably determining each reading
address according to the retrieved ones of the positional
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the retrieving means comprises means for differen-
tially processing the periodically retrieved positional val-

ues to compute a velocity of the touch action, and

wherein the reproducing means comprises means for de-
termining a variable number according to the velocity of
the touch action and for accumulating the variable number

to a preceding reading address to determine a succeeding

reading address.

14. A music apparatus for reproducing a musical tone by read-
ing out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into ﬁhe
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
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a result, the detection value of the ribbon—controller 106 -is-set in the
register RD. If a finger or the like is renoved fromthe ribbon controller
106,. t he detection value TMP and RD may be 1é$ll§Ftﬁ@€IB eeReplqsted‘ ault val ue, or
the value i medi ately before the renoval of t he |i ke may be
hel d. The RC retrieval routine RC(m OW|II be ,.
explained. Fig. 10 is a flowhart for e>§%l ai ni ng ot 0 - RC retrieval
routi ne RC(4) which is called when the operation node is set to t he scratch

node (m = 4), and §henB€ ofearmiplitaide value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for outputting a positional value corresponding
to the detected point of the touch action;

retrieving means for periodically retrieving the positional ,
value outputted from the detecting implement to monitor

the touch action; and

reproducing means for variably determining each reading
address according to the retrieved ones of the positional
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the storage means comprises means for storing
a waveform which is inputted from an external source in

real time basis, and

wherein the reproducing means comprises means opera-
tive when the touch action is not commenced for out-
putting the inputted waveform as it is to reproduce the
corresponding musical tone without the scratch effect, and

being operative when the touch action is commenced for

* [ L M s *
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routine RC(6) which is called when the operation node is set—to—theEX

scratch node (m= 6). Since steps 1006, 1009, 1015 and 1016 sent laced
processes only for the RC(6), the operation procedure of the A avec -
first explained and then the op- eration procedure of the RC( II l Il I
expl ai ned her ei nbel ow. In the ribbon 8%ont roll er detection

retrieval routine RC(4), first at step 1001, the detection value of the

ri bbon controller 106 is set in the register TMP. Then at step 1002, it is
det ermi ned whet herstidppinigobhe storingobne ot@puttingpef dhedwaveform and

for successively reading out the waveform from the storage
means according to the variable reading addresses to re-
produce the corresponding musical tone with the scratch

effect .

15. A music apparatus according to claim 14, wherein the
storage means has a memory capacity sufficient to store a
complete data volume of a fresh waveform newly inputted

from the external source in real time basis.

16. A method of operating a computerized music apparatus
installed with a program which is executed to perform re-
production of a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

storing a plurality of waveforms corresponding to different
musical tones in a storage, each waveform being stored in
the form of a sequence of amplitude value data arranged
at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

switchjng' the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction with relatively high per-

A 6O O




38 “The ribbon controller 106 outputs a coordi nate detecti on—value-

I ndi cative of a coordinate position where a finger, a rod or the like is
toughed, while the ribbon controller 106 outputs a de- fault ThialSheet HdaBEentRRSlaced

finger, the rod or the like is not in touch so that the non-t |
non- operati on) can be recogni zed. Wen éhe ri bbon controller’ uum
operated, the routine proceeds to step $03. Wen the ribbon con _

is op- erated, the routine proceeds to step 1004. .
formance under the normal mode for concurrently reading

out a number of the designated waveforms from the stor-
age according to the program so as to concurrently repro-

duce the number of the corresponding musical tones;

otherwise performing a second reproduction with relatively
low performance under the optional mode such that the
number of the musical tones concurrently reproduced un-
der the optional mode is reduced as compared to that ”

under the normal mode; and

performing a third reproduction with additional perfor-
mance under the optional mode for digitally processing
the designated waveform to impart a specific sound effect
to the corresponding musical tone according to the pro-

gram.

17. The method of operating a computerized music apparatus
~ according to claim 16, wherein the step of switching com-
prises switching between the normal mode and a filter op-
tional mode such that the third reproduction is performed
under the filter optional mode for digitally processing the
designated waveform by filtering to impart the specific
sound effect such as to modify a timbre of the correspond-

ing musical tone.

18. The method of operating a computerized music apparatus

I mw




At step 1003, it is determ ned whet her themof t ouch

actionis O or not. If the register RSis O, t,hé
controller 106 is not operated both in the Iga
1

IS Rbtedt he ri bbon
ot . élm and in the

current interruption. Thus, the process is fi mﬂm s not O at step
rated in the

1003, this neans that the ribbon control%_?r
| ast interruption while the ribbon controfler 106 i's not operated (the
finger, the rod or the like is renmoved) in the current interruption. Thus,

the register RS isagterding to dlaim $6pwhdrbin thieestep of switchingreonn+ s

witten in the sound source register sch of the scratch channel at step

1014, and the procgiﬁsésssvfrit%hmgq)etweeﬁ thé eorilimode ia_mdi@,t}[ﬁt&hr@%
whether the register RSis 1 or not. If the register RSis not 1, this

means that the ri b@m&m@ 6¢h 1S thare %d%}&ﬂ%ﬁgﬁﬁﬁi%ﬂfbﬁdé&t

I nterruption while on controller | s “oper at e e current in-
under the pitch optional mode for digitally processing the

designated waveform by changing reading speed of the des-
ignated waveform to impart the specific sound effect such

as to modify a pitch of the corresponding musical tone.

19. The method of operating a computerized music appara-
tus according to claim 18, further comprising the step of
specifying a pitch of a musical tone to be reproduced by
the user so that the third reproduction is performed under
the pitch optional mode to impart the pitch speciﬁed by
the step of specifying the reproduced musical tone.

20. The method of operating a computerized music apparatus
according to claim 16, wherein the step of switching com-
prises switching between the normal mode and a scratch
optional mode such that the third reproduction is per-
formed under the scratch optional mode for digitally pro-
cessing the designated waveform by irregularly changing
lrea,ding addresses of the designated waveform to impart
the specific sound effect such as to scratch the correspond-

ing musical tone.

21. The method of operating a computerized music appara-
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- 1008, various data f

terruption. e regi

39 the vel oci ty V%nsbﬁee,ﬁlﬁﬁcgl{gﬁ T en at step 1007, a readi ng address SAD

is set to a predeter he scratch pointer SP. Next, at step
re- production including a reading
atch-égproduced and a velocity value VEL

addr ess of vvaveform
are set, and the

tus according to claim 20, further comprising the step of
manipulating a scratch implement by the user to input
scratch operation so that the third reproduction is per-
formed under the scratch optional mode for changing the
reading addresses of the designated waveform according

to the inputted scratch operation.

22. A method of operating a computerized music apparatus ,
installed with a program which is executed to perform re-
production of a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

provisionally storing a plurality of waveforms correspond-
ing to different musical tones in a storage, each waveform
being stored in the form of a sequence of amplitude value

data arranged at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

receiving a fresh waveform in real time basis when the

fresh waveform is inputted from an external source;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performiﬁg' a first reproduction under the normal mode for

reading out the stored waveform designated by the step

* = L M s *




note-on command is witten in the sound source register sch of the scratch
channeThis Shedp HexPe@iRdplacedat step 1010, the current detection value TMP of the

ri bbon
fini she
in the

operation of the ribbon controller 106®Fs con- tinued).
of the touch action on the ribbon controller 106 is detected and set in the

¢ot thopgbgdahier enti al

com putation by subtracting the detection value OLD in the | ast

register VEL at sfedesighatidfdrom the tstovkge isccdeding
interruption frogethe tguiée‘%d'g@é Qﬁbi Bhisiéalltod&RorF
S

that the velocity VEL ta a negative value. Fur- th

r,

_' is set in the register OLD, and the process is
ck result iis YES at step 1004, this neans that RS = 1
on and also RS =

in the current

interruption (the
Thus, the velocity

nding SoPgleei bl e
the“velocity VEL

is set in the so%ﬁaﬁgﬂﬁkﬁ; iﬁa of the scratch channel. Then, at

step 1012, the curr

otherwise performing a second reproduction under the op-

tional mode for stopping the reading of the stored wave-

form designated by the step of designating and instead for

processing the fresh waveform received by the step of re-

ceiving so as to reproduce the musical tone corresponding

to the fresh waveform such that a specific sound effect is

imparted to the reproduced musical tone according to the

program.

23. The method of operating a computerized music apparatus

according to claim 22, wherein the second reproduction

is performed under the optional mode for proceésing the

fresh waveform by digital filtering to thereby impart the

specific sound effect such as to modify a timbre of the

reproduced musical tone.

24. The method of operating a computerized music apparatus

according to claim 22, wherein the second reproduction is

performed under the optional mode for irregularly pro-

cessing the fresh waveform to thereby impart the specific

sound effect such as to scratch the reproduced musical

tone.
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tion"value TMP is set in the register OLD, and the process I Sfintshed——
Expl anati on has been nade to the RC retrieval or take- in rout| ne RC(4)

when the node is set to the scratch node This hcetHasBeenReilaced

40 (m=4). In the RC take-in routine RC(6) when the rmdels
scratch node (m= 6), step 1006 is addegl

variably determining each reading address according to

the retrieved ones of the positional values; and

performing reproduction for successively reading out the
waveform from the storage according to each determined
reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the reproduction is performed when the touch ac- |,
tion is initiated fof starting to read out the waveform from
a predetermined start reading address, and the reproduc-
tion is performed during the course of the touch action for .
continuing to successively reé,d out the waveform accord-

ing to each determined reading address.

27. The method of operating a music apparatus according to
claim 26, wherein the step of retrieving comprises differen-
tially processing the periodically retrieved positional val-
ues to compute a velocity of the touch action, and wherein
the step of performing reproduction comprises determin-
ing a variable number according to the velocity of the
touch action and accumulating the variable number to a
preceding reading address to determine a succeeding read-
ing address. .

28. A method of operating a musical apparatus for reproduc-

ing a musical tone by reading out a corresponding wave-
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after step 1005, step 1009 is added after step—1008, —and steps 1015 and
1016 are added after step 1014. Further, processes a e 008 and 1014
are sonewhat different. Hereinbel ow, expl anati O QHETE25ecs tdheref or. At
the tine of starting the operation of the ribbo¢ I 6, the '
routine pro- ceeds fromstep 1004 to stegp, 1006 At step 1006,
the CPU 101 instructs the DVA controller 113 to stop the execution of the
RD(6) routine by interrupting the CPU 101 per sanpling clock Fs, and the
scratch region SR fermeaccording tewwdiriaja&féaadir@?ﬁkldmsmsoi asdiceimf the
two recording buffers SRBO and SRB1 currently not used, as explained with

refer- ence to Fi gtradare JBeratdheffectinte thiosesesduced ansicd&orie st ep
1007. At step 1008, various data for the scratch repro- duction including a

reading address SAR,ofestiyffe0td tiich tWtion, the method comprising the

steps of:

storing a waveform into a storage in the form of a sequence
of amplitude value data arranged at a given sampling pe-

riod to represent a corresponding musical tone;

operating a detecting implement having a length to receive
the touch action for detecting a point of the touch action
along the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch action;

variably determining each reading address according to

the retrieved ones of the positional values; and

performing reproduction for successively reading out the
waveform from the storage according to each determined
reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the step of storing comprises storing a waveform
which is inputted from an external source in real time

basis, and

wherein the reproduction is performed when the touch ac-
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be stratch-reproduced and vel ocity value VEL are set and the note-on

command is witten in the sound source register sch of the scratch channel.
Furt.her, at step 1008sShediHasRich Replaoed process is al so perforned before the
f or egoi ng process. S$E!Mll"lgmllli" first, 128 sanples of one waveform are
provided in the repr ' PBr. In this process, after clearing the
re- producing buffer r to O, the Ia_teP-3descri bed EX scratch pro- cess of
Fig. 14 may be performed relative to the reproducing

tion is not commenced for outputting the inputted wave-

form as it is to reproduce the corresponding musical tone
without the scratch effect, and the reproduction is per-
formed when the touch action is commenced for stopping
the storing and outputting of the waveform and for suc-
cessively reading out the waveform from the storage ac-
cording to the variable reading addresses to reproduce the

corresponding musical tone with the scratch effect.

29. A machine-readable media containing a program for caus-
ing a computerized music apparatus to perform a method
of reproducing a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

storing a plurality of waveforms corresponding to different
musical tones in a sﬁorage, each waveform being stored in
the form of a sequence of amplitude value data arranged
at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction with relatively high per-

formance under the normal mode for concurrently reading

MR AR




41 *buffer PBr (PBr is used instead of PBr in Fig. 14). Further, the CPU

101 i rdhsrsuset Bastelg cgontroller 113 to restart the execution of the DP
gng. t he CPU 101 per sanpling clock Fs. Further, an

e IR

ame sig- nificance as a |later-described interruption

f the DP routine ig4Fig. 16 is generated. Through this
In- terruption, the HS(6) is executed sO‘that next 128 sanples to be
scratch-reproduced are provided in the PBr. Thereafter, at step 1009, under

the command from tdgt ePbubilier ofichd desi edewtaiveforfmsnfrone theDstorput to
the DA output of the sound I/0O 112 is disabled so as to stop the sound

em ssion of feedi ' ttheep Wh $6 o feofxheralys@pree 111
directly to the s%%agggﬁim IE(A)f ko © Y

duce the number of the corresponding musical tones;

otherwise performing a second reproduction with relatively
low performance under the optional mode such that the
number of the musical tones concurrently reproduced un-
der the optional mode is reduced as compared to that

under the normal mode; and

performing a third reproduction with additional perfor-
mance under the optional mode for digitally processing
the designated waveform to impart a specific sound effect
to the corresponding musical tone according to the pro-

gram.

30. A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the nor-
mal mode and a filter optional mode such that the third
reproduction is performed under the filter optional mode
for digitally processing the designated waveform by filter-
ing to impart the specific sound effect such as to modify

a timbre of the corresponding musical tone.

31. A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the nor-

mal mode and a pitch optional mode such that the third

AN O



At the time of stopping the operation of the ribbon con- troller 106, the
routi ne proceeds fromstep 1002 to step 1014 via steps 1003 and 1013. At
step 1014, the note-off event is witten in the sound source r g e HaSE8n Replaced

of the scratch channel, and then the foll ow ng process is also _

Specifically, the CPU 101 instructs the I;’)IVA controller 113 to ﬁgmmﬂulm“
execution of the DP routine of interruptgi ng the CPU 101 per sanpl a1 1HN:
Fs. On the other hand, at step 1015, under the command of the CPU 101, the
direct connection feproduuticn Bsiperformed hederAleiptdh optidralsmuode !/ O 112
Is restored so as to achieve the sound em ssion by feeding the nusical

for digitally processing the designated waveform by chang-

ing reading speed of the designated waveform to impé,rt
the specific sound effect such as to modify a pitch of the

corresponding musical tone.

32. A machine-readable media according to claim 31, wherein
the method further comprises the step of specifying a pitch ,
of a musical tone to be reproduced by the user so that the
third reproduction is performed under the pitch optional
mode to impart the pitch specified by the step of specify-

ing to the reproduced musical tone.

33. A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the
normal fnode and a scratch optional mode such that the
third reproduction is performed under the scratch optional
mode for digitally processing the designated waveform by
irregularly changing readjng addresses of the designated
waveform to impart the specific sound effect such as to

scratch the corresponding musical tone.

34. A machine-readable media according to claim 33, wherein
the method further comprises the step of manipulating
a scratch implement by the user to input scratch oper-

ation so that the third reproduction is performed under
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42 tone signal fromthe external source lrt—directiyto-the—sound system .

114. At step 1016, the CPU 101 instructs the D\ c%ntroller 113 to restart

t he execution of the DP(6) routine by interr i 12 per sanpling

clock Fs. - Figs. 11(a) to 11(c) and Figs. 12( e flowcharts of
1 for providing

t he wavef orm generation routine HS(m exggute
sequential sanple values of the waveformto the reproduci ng buffer under
the respective nodes m The waveform generation routine HS(m is executed

by the CPU 101 i n thepstraéchoopticatadr mirde rfowechanging (ite seadimgrad-at-
dresses of the designated waveform according to the in-

putted scratch operation.

35. A machine-readable media containing a program for caus-
ing a computerized music apparatus to perform a method
of reproducing a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

provisionally storing a plurality of waveforms correspond-
ing to different musical tones in a storage, each waveform
being stored in the form of a sequence of amplitude value

data arranged at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

receiving a fresh waveform in real time basis when the

fresh waveform is inputted from an external source; |

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction under the normal mode for
reading out the stored waveform designated by the step
of designa,tirig from the storage according to the program
so as to reproduce the musical tone corresponding to the

designated waveform; and

o+ ¢ LM 0§ =




step 1605 of the DP Toutinme T Fg—16. Specifically, in the DP routine,

one sanpl e val ue-ofrh]xsgﬁet \ formlhe din the repro- ducing buffer PBr is
transferred to the |e h sanpling clock Fs so as to perform
t he reproduction of - ne. When the set of 128 sanple values in

the repro- ducing b Il reproduced, the DP routine inverts k
SO as to cause an interruption. Upon;th ¢ Interruption as a trigger, the
CPU 101 executes the waveform generation routine HS(m depending on the

nmode m and new y gthetwdse paarﬁmning@tsedoﬂdzas\gmdhetm uasler dhieespondi ng
to one frane of the re- producing buffer PBr i ch has just finished the

reproduction and righA8] eHodaCkYH storpyi'ﬁiggthé%@ﬂihg &f thevwstbaed whvehe
wavef orm generation routine HS(0) r generating The waveform sanpl e val ues
on the repro- form designated by the step of designating and instead for
processing the fresh waveform received by the step of re-
ceiving so as to reproduce the musical tone corresponding
to the fresh waveform such that a specific sound effect is

imparted to the reproduced musical tone according to the

program.

36. A machine-readable media according to claim 35, wherein
the second reproduction is performed under the optional
mode for processing the fresh waveform by digital filter-
ing to thereby impart the specific sound effect such as to

modify a timbre of the reproduced musical tone.

37. A machine-readable media according to claim 35, wherein
the second reproduction is performed under the optional
mode for irregularly processing the fresh waveform to thereby
impart the specific sound effect such as to scratch the re- |

produced musical tone.

38. A machine-readable media according to claim 37, wherein
~ the method further comprises the step of manipulating
a scratch implement by the user to input scratch oper-
ation so that the second reproduction is performed ac-

cording to the inputted scratch operation for irregularly
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43 ' er under the normal npde. In HS(0), a subroutine denot ed
"nor /ghee{ﬁasgaérdmﬂatad step 1101, and the process is finished. This

subr crl bed later with reference to Fig. 13(a). Fig.
11(b) [ B‘W f .the waveform generation routine HS(2) for
gener at i orm sarrpl e val ues orygd he repro-

changing reading addresses of the fresh waveform which

is temporarily stored after the same is received to thereby

scratch the reproduced musical tone.

39. A machine-readable media containing instructions for caus-
ing a music apparatus to perform a method of reproducing
a musical tone by reading out a corresponding waveform
according to a variable reading address so as to introduce
a scratch effect into the reproduced musical tone in re-
sponse to touch action, the method comprising the steps

of:

storing a waveform into a storage in the form of a sequence
of amplitude value data arranged at a given sampling pe-

riod to represent a corresponding musical tone;

operating a detecting implement having a length to receive
the touch action for detecting a point of the touch action
aldng the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch action;

variably determinjng. each reading address according to

the retrieved ones of the positional values; and

performing reproduction for successively reading out the

waveform from the storage according to each determined
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ducirng buffer under the filter node. In HS(2), a subroutine "normnal
called at step 1111, and a filter coefficient (cut- off frequency)

produced accordi nghigglegthﬁsggéi iﬁtﬁlcgﬂ val ue RD of the ribbon controller 106
m e

at step 1112. Then
process) is perforr,ml'mﬂ U
1111 will be descri

a flowhart of the waveform generation routine HS(3) for geperating the
wavef or m sanpl e veading asldness ﬁ@p‘@%tod@&rﬁéuﬁﬁf?@ CGFH‘@PQ% )
HS(3), a subroutine "pitch 2"

13(b) . Fig. 12(a)

HS(4) for generati
under the scratch’

40.

tion is initiated for starting to read out the waveform from

a predetermined start reading address, and the reproduc-

tion is performed during the course of the touch action for

continuing to successively read out the waveform accord-

ing to each determined reading address.

A machine-readable media according to claim 39, wherein
the step of retrieving comprises differentially processing
the periodically retrieved positional values to compute
a velocity of the touch action, and wherein the step of
performing reproduction comprises determining a variable
number according to the velocity of the touch action and
accumulating the variable number to a preceding reading

address to determine a succeeding reading address.

41 A machine-readable media containing instructions for caus-

ing a music apparatus to pefform a method of reproducing

_ a musical tone by reading out a corresponding waveform

according to a variable reading address so as to introduce
a scratch effect into the reproduced musical tone in re-

sponse to-touch action, the method comprising the steps

of:

* 2 M S *

2"

S

filter process (lowpass filter

S

reference to Fig. 13(a). Fig. 11(c)
ng MK node.

S( 1 _ h Is called at step 1121, and the process is
finished. The "pisical @nwwmhbﬂlmsemﬁcﬂiedﬁbat,er with reference to Fig.
is a flowhart of the waveform generation rou- tine

RS HEYEHAUCATRLE palSFml wHth tRE M 4. Duffer

ocessghs finished. The "normal 2" at step

'S

In



routine of the "normal 2" is called at step 1201, then a scratch process
subroutine is called at step 1202, and the process is finished. The "nornal

2" will be described later with reference
44 to Fig. 13(a). The scratch process subroutine will be described |ater
with reference to Fig. 14. 101

the storing and outputting of the waveform and for suc-
cessively reading out the waveform from the storage ac-
cording to the variable reading addresses to reproduce the

corresponding musical tone with the scratch effect.
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Fig: 12(b) is a flowhart of the waveform generation rou- tine HS(5) for
generating the waveform sanple values on the reproducing buffer under the
EX filter node. When HS(5) is called, the set of 128 sanples (linear

sanpl es) of the waveformdata fed fromthe external input 111 are witten
in the record- ing buffer RBk, while 4@ reproducing buffer PBr is vacant.
Accordingly, in HS(5), first at step 1211, a filter coefficient is produced

di . :
f‘?f?ér' lB?pEZs%:&f@?ﬁ?@ﬁﬁ@%@#ﬁ@@ﬁ@%ﬁ%@&‘%%@%@? e Carled.
or a I n - ' '

at step 1211 to the WAVEHORNEIT SREATH SOLND EFERCTccording |
buffer RBk, and for setting the resultant 128 waveform sanples in the
reproduci ng buffer PBr. After step 1212, the process is

ABSTRACT

A computerised music apparatus is installed with a program
which is executed to perform reproduction of a musical tone by
reading out a corresponding waveform. A storage is provided for
storing a plurality of waveforms corresponding to different musical
tones, each waveform being stored in the form of a sequence of
amplitude value data arranged at a given sampling period. Tapping
pads are provided for designating at least one of the stored
waveforms to command reproduction of a corresponding one of the
musical tones. A panel switch is operable by a user for switching
the reproduction of the musical tone between a normal mode and an
optional mode. A CPU is allotted with relatively high performance
under the normal mode for concurrently reading out a number of
the designated waveforms from the storage according to the
program so as to concurrently reproduce the number of the
corresponding musical tones. Otherwise, the CPU is allotted with
relatively low performance under the optional mode such that the
number of the musical tones coﬁcurrently reproduced under the
optional mode is reduced as éompared to that under the normal
mode while the CPU is allotted with additional performance under
the optional mode for dlgltally processmg the designated waveform

This Sheet Has Been Replaced .
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fini-shed. Fig. 12(c) is a flowhart of the waveform generation routine
HS(6) for generating the waveform sanples in the reproduci ng buffer under
the EX scratch node. In HS(6), step 1221 de- term nes whether the register
RSis 1 or not. If the register RSis not 1, this means that the ribbon
controller 106 is not operated. Thus, ;ﬂ& process is finished. If the
register RSis 1 at step 1221, this ne that the ribbon controller 106 is

to impart a scratch effect to the reproduced musical tone according
to the program. The scratch effect may be also applied to a fresh

waveform imputted from an external source in real time. (F{g vve 4 )
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45 -operated. Thus, an EX scratch process is perfornmed at step 1222, and
the process is finished. The EX scratch process will be described |ater
with reference to Fig. 14. Fig. 13(a) shows a flowchart of the normal n.
The normal 4 is called at the foregoing step 1101, while the normal 2 is
called at the foregoing steps 1111 and1l29%. First at step 1301, a work
register i for counting the channels is set to 1, a work register j for
counting the sanples is set to 0, and all the sanple region of the
reproducing buffer PBr which is not egrrently subjected to the DP routine
are cleared to 0. Then at step 1302, It is determ ned whether the note-on
Is witten in the sound source registir i ch QQ the i-th channel. If the

note-on is not witten, prs— —
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It I"s not necessary to performthe waveform generation of the i-th channel.
Thus, the routine proceeds to step 1308. If the i-th channel is subjected
to the note-on event at step 1302, the routine proceeds to step 1303. At
step 1303, the reading address ADi of the i-th channel (AD is set in the
sound source register ich of the i-th &4diA7 nel) is increnented. At step
1304, the waveformsanple is read out fromthe address ADI via the i-th
channel, and the read waveform sanple is ADPCM expanded to derive a linear
wavef orm sanpl e which is then set in the work regi ster TMP. Subsequently,
at step 1305, the value of the register TMP is accunul ated (channel

accunul ation) i ?:tlhér_eér o<jua(.:- ng buffer FI G . 2 (b)

1 ch | . RBO
2 ¢h \ FOR PAD
PERFORMANCE RB1
3 ch
4 ch
J FIG.2 (¢c)
FOR SCRATCH _
s ch BPERFORMANCE I | N
)
PB1 )
FIG.2 (d)
- SR
SP
FIG.2 (e)
SCRATCH REGION
7\
7 N\
SRBO | SRB1
I » ISR
RP | SP
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46 +-PBr(j) as represented by PBr(j) + TMP[err]PBr (j). Then at step 1306,
it is determ ned whether the count of the register j reaches 127. |If the"

register j does not reach 127, the register j is increnented at step 1307
and the routine returns to step 1303 so as to repeat reading of the next
wavef orm sam 3/17

GENERAL

ROUTINE

INITIALIZATION |/ 301

y

PAD SCAN PROCESS 302
(EVENT PROCESS PI)

Y

SW SCAN PROCESS 303
(EVENT PROCESS SD) |

FIG.4

MODE SW
EVENT ROUTINE

v i
SET VALUE m ACCORDING 401
TO SW

|

CONTROL DISPLAY ACCORDING |/402

TO MODE m

\

STARTING PROCESS OF |
403
EACH MODE : MS (m)

D
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pl e; the expansion and the accunulation. |If the count of the register |
becones 127 at step 1306, neaning that the accurmu- |ation or sunm ng-up of
the 128 sanples of the i-th channel is finished in the region assigned to
the 128 sanples of the reproducing buffer PBr, the routine proceeds to
step 1308. - At step 1308, it is detdyﬁTﬁed mhether the register

reaches n. If the register i does , the register i is

i ncremented and the register j is cl é (I\g 0 at step 1309 for conmmenci ng
t he wavef orm processi ng of the next channel Then, the routine

SAMPLING MODE START
PROCESS MS (1)

501 -

IF PAD IS
DESIGNATED

m-=—0
Y RETURN TO
PN=— "~ 503 - | NORMAL MODE
DESIGNATED PAD

NUMBER |
\ ( END )

PREPARE FOR
RECORDING, ENSURE | 504
BUFFER,REGION,
AND SO ON
514
START RECORDING RETURN TO
START DR (m) |\507 NORMAL MODE
\
NO (.EIH) )
508 : NO YES 511
RB ¢ IDU%PHHD /
YES = RECORDING FINISH |
; , 510 PROCESS, STOP
WRITE IN FLASH DR (m)
MEMORY | T
\ RETntlfR—I\? TO
509 512 — NORMAL MODE

|

&
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returns to step 1302 to repeat the processes relative to the i-th channel.
. If the register i reaches n at step 1308, neaning that the summ ng-up
conputation in the last channel is finished and 128 sanpl es are produced in
t he reproducing buffer PBr, the process is finished. Fig. 13(b) is a
flowchart of the "pitch 2" subroutlrmesaf1dh is called at step 1121 in Fig.
11(c). At step 1311, the work reg- r for counting the channels is
set to 1, the work register j for c i(ﬁhgfshe sanples is set to 0, and al

t he sanpl e regions

SCRATCH MODE START
PROCESS MS (4)

IF PAD IS
DESIGNATED

YES m=—0
RETURN TO
PN —=— NORMAL MODE
DESIGNATED PAD NUMBER —
\
'R END

PREPARE FOR SCRATCH, 604
EXPAND WAVEFORM OF {—
PN AND DEVELOP ON RAM

Y

DESIGNATE POINTER 605
SP AND REGION SR

1

Ceo )
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of the reproducing buffer PBr which is not currently subjected

47 to the DP routine are cleared to 0. Then at step 1312, it is deternmni ned
whet.her the note-on is witten to the sound source register ich of the i-th
channel. If the note-on is not witten, it is not necessary to performthe
pitch-shifted waveform gen- eration ofgifri-th channel. Thus, the routine

proceeds to step .
FIG.7

ON-EVENT ROUTINE
=0, 2, 4)

PN =— PAD NUMBER |/ 701

TONE GENERATION
AT OCATION—=1

NUMBER OF TONE
gl%NERATIONS DEPENDING
m

704
\ /

SET REGISTER ich AND
SEND NOTE-ON TO
REGISTER ich

Co))
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1319, If the i-th channel is subjected to the note-on event at step 1312,
the routine proceeds to step 1313. At step 1313, the waveform sanple
readi ng address ADi is added with the F nunber FNi so as to set a new
address ADi. ADi and FNi are set in the sound source register ich of the

i -th channel. Then, at step 1314, the ®Bf orm sanple is read out fromthe
address ADI via the i-th channel ADPCM expanded to derive the

| i near waveform sanple which is theﬁ-dsleéi; the work register TMP. Since

t he read waveform data i s ADPCM corrpressed if an integer portion of the
address ADI advances by no |ee ; S Qf the addition of the
F nunber, all the sanples fgo 3 é geldresfs to the current
readi ng address ADi are read_out and us(&!I:f gr the |i ear expansi on.
Subsequently, at step 1315, the i1 nterpoldtion anong the read sanples is

per formed dependi ng on a deci mal 1

PN -<— PAD NIMBER — 801

|

TONE GENERATION
AILLOCATION —=i — 802

(MAXIMUM TONE NUMBER 2)

| |

CONVERT PN TO 803
F NUMBER —FNi

SET REGISTER ich AND SEND 8
NOTE-ON TO REGISTER ich

= )
FIG.9

RC RETRIEVAL ROUTINE
(Frepmyy o)

\

TMP=— DETECTION VALUE }—— 901

| Thisllslhii3t ﬁﬁﬂ;ﬂiilmeﬁird . —
|



porti on of the address ADi, and the interpol at ed wavef orm sanple is set in
the register TMP. Then, at step 1316, the de- rived waveform sanple TMP is
accunul ated in the j-th sanple region PBr(j) of the reproducing buffer.

48 Then, at step 1317, it is determ ned whether the register j reaches
127. If not, the register j is increme8yek¥ at step

RC RETRIEVAL
ROUTINE (m=4, 6)

\ .
TMP =—DETECTION VALUE |——-1 001

? 1005
NO 1011  /
YES [RS=0  YES RS—=-1 | 1006
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- STOP EXTERNAL
1014 WRITE | |Tvp-oLD INPUT TAKE-IN,
IN sch T STOP DR ®),
05 | OLD«TI\{IP SCRATCH REGION
R AT 1012 ]
D./A OUTPUT 1007 —1 SAD=-5P
RECER‘,’E 1008 | WRITE NOTE “ON |
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RESTART DR STOP
6) :
A,/D INPUT —
. ( D./A OUTPUT )
1016 |
1010 —{oLD~<TMP
1 | - )

3
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1318 and the routine returns to step 1313 so as to performthe processes
relative to the next sanple. If the register j reaches 127 at step 1317,
meani ng that the process for the i-th channel is finished, step 1319
determ nes whether the register i reaches 2. If the register i does not
reach 2, the register i is incremented9uili7the register j is cleared to 0
at step 1320, and then the routine returns to step 1312 so as to perform
t he processes relative to the next channel. If the value of the register
reaches 2 at step 1319, the process is finished. Fig. 14 is a flowhart
of the scratch process which is called at step 1202 in Fig. 12(a) and the
EX scratch process which is | led at step 1222 in Fig. 12(c). First at
step 1401, the detected touck-action velocity VEL (VEL is provided in the
sound source register sch of "fhe scratch channel) of the rib- bon

control ler 106 j.g converted lkio a variable F nunber SFN
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for-the scratch operation. Since the F nunber SFN is deter- m ned dependi ng
on the velocity VEL which nmay take either of a positive value and a
negative value, the F nunber SFN al so changes in the positive and negative
directions. Next, the register j is cleared to 0 at step 1402, and the
routi ne proceeds to step 1403. At st®p/I403, the scratch F nunber SFN is
added to the
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49 =cratch readi ng address SAD which is set in the sound source register
sch of the scratch channel. At step 1404, the wave- formsanple is read out
fromthe address SAD, and is set in the register TMP. In the scratch
process called at step 1202 in Fig. 12(a), the read waveformdata is

ADPCM expanded and devel oped in a gi VEn/1&gi on in advance, and the scratch
region SRis set in the given reglo e the,wayef ormdata i s devel oped
(steps 604 and 605 in Fig. 6). Eérgih EE E{ in the EX scratch process
called at step 1222 in Fig. 12(c) t he maveforn1data conposed of a sequence
of linear sanples are inputted fromthe external source 111 and are witten
al- ternately into the recording buffers SRBO and SRB1, and the scratch
region SRis set in either of the recording buffers SRBO

( NORMAL n )

!

i=-1, j=-0 | 1301
CLEAR PBr

1302
NO
1307
| \ y 1303
++ ADI++ l/ -
1309
‘ y 1304
& READING AND
] EXPANSION —=TMP
j++
j=0 \ A
PBr () —— 1305
PBr () +TMP
0
!YES 1308
(= )
_. This Sheet Has Been Rep

AT



and=SRB1 which is not subjected to witing of the waveformdata at the tine
of starting of the operation of the ribbon controller 106 (step 1007 in
Fig, 10). In either case, only the nunber of sanples as required for the
interpolation is read out at step 1404. Next, at step 1405, the

I nterpol ati on anong the read sam pIeSZyéTDerforned dependi ng on a deci nal
portion of the address SAD, and the p I vefornlsanple Is set in
the regis- ter TMP. Then at step 14 nggj@r sanple TMP is ac-

cunul ated in the j-th sanple region PBr ) of the reproducing buffer PBr to
produce the absol ute sanpl e val ue represented

<D
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i1, j=—0 1311
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- 1312
\
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1318 IN ich ?
\ | - YES
! 1313
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50 _by PBr '+ TMP. Next, at step 1407, it is determ ned whether the
register j reaches 127. |f the register j does not reach 127, the register
j is incremented at step 1408 and the routine re- turns to step 1403 so as
to performthe processes relative to the next sanple. If the register j
reaches 127 at step 1407, the processi31ffi ni shed.

FI1G.14
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|

CONVERT VEL 1 401'
INTO SEFN
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1408 j=~—0 |/1402
\ :
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OF SAD —TMP

Y

PBT () =— »
PBT () +TMP }7 1406
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Fig.15 is a flowhart of the DR(n) routine executed by the DVA controller
113 per sanpling clock Fs generated by the Fs clock generator 110. The
recarding is performed when node m= 1, 5 or 6. First at step 1501, the
waveform sanple is transferred fromthe input FIFO of the sound 1/0 112 to
the sanpl e regi on PBk(RP) of the recoraf'fr(g uffer PBk desig- nated by the
recordi ng pointer RP. The original nusical tone
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signmal inputted into the AAD input termnal fromthe external source 111
Is A/D converted and | oaded into the input FIFO  Wen the node mis the
samp) ing node (m= 1), the lin- ear waveform sanple A/D converted by the
A D converter is ADPCM conpressed using the ADPCM conpression function of
the sound 1/0 112, and the conpressed ¥Wavdform sanple is transferred to the
recordi ng buffer RBk(RP) via the input FIFO On the other hand, when the

node mis the EX filter nmopde (m=5) or the EX scratch node (m: 6), the
l'i near waveform qanplle which is A/Djconverted and |s rot |subjected to the
ADPCM conpr essi OTf i s [TTansferred {to th%recordi ng—| [<_ﬂ(
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51 buffer PBKk(RP) via the input FIFO- When m= 6, the record- ing buffer
SRBk(RP) is used instead of the recording buffer RBK(RP). Subsequent | vy,
- the:gecording pointer RP is increnented at step 1502. Step 1503 determ nes
whet her the recording buffer 16,17
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RBk {when m = 6, SRBk, which is also applied hereinafter) is filled up. If
not filled up, the process is finished. If the record- ing buffer RBk is
filFed up, k is inverted (if O, then converted to 1 and, if 1, then
converted to 0) at step 1504. The inteﬁ7ﬁyrption is generated at step 1505,
and the process is finished. This interruption is caused for requesting the
CPU 101 to per- forma process of witing the set of the waveform sanpl es
of the filled-up recording buffer (RBk at thies tine poin{g into the flash
menory 103 so as to render the recording bufﬂEr vacant. — Fig. 16 is a

flowchart of the DP routinggexecuted by the controllek 113 per sanpling
cl ock Fs generated byt he Eg cl ock genergrgr 1N, Fi st tep 1601, the
wavef orm sam ple PBrtQDP) | Rdi peer==eyby t He §r epr pgiyici pg ppi Rt er EPI"O] t he
reproduci ng buffer PBr\is tra sE§rred tofthe oufput FIFq off the s dl1/O
112. As explained with ce Fig. [1] the| < %I
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- whet'Wers the | ast one of the

S -

‘waveform sanpl e stored in the output FIFO is D/Z%ﬁ%@f’&ﬁ@a,i %Sﬁd;i-é{sto[ H@"ld{'a‘,'

sent’7to the sound system 114 so as to sound the
reprgduci ng pointer PP is incremented at step 1

of the reproducing buffer PBr is sent out.
of the reproducing buffer PBr

PR LACLEMEN L AL LY OJ

lagjwi(s)t oriepagsdit to paged i
rawing(s) 60pgadd.etmpaged [T |
Abstract  : paged B2to pagep{¥s |

DATE OF RECEIPT...HIZ( ..

1¥ all the waveform s r’g)/es

COMPUTERIZED MUSIC APPARATUS PROCESSING
WAVEFORM TO CREATE SOUND EFFECT

BACKGROUND OF THE INVENTION

The present invention relates to a musical tone generating
apparatus for reading out waveform data stored in a digital
memory to generate a musical tone using the software. The
present invention also relates to a musical tone generating ap-
paratus for processing waveform data inputted in real time
using the software. In particular, the invention relates to a
musical tone generating appafatus capable of applying a filter
process, a pitch process or a scratch process to the generated
musical tones while a number of the musical tones is reduced as
compared to normal genefa.tion or reproduction of the musical
tones. Further, the present invention relates to a musical tone
generating apparatus capable of achieving a scratch effect in a
pseudo fashion.

A software sound source has been known, wherein wave-
form data sampled from original musical tones is stored in a
storage device in advance. The stored waveform data is read
out by a software or program in response to operation of a
manual implement. However, the conventional software sound

source is functionally fixed and therefore has rather limited



are ‘peproduced at step 1603, r is inverted (if 0, then converted to 1 and,
If 1, then converted to 0) and the other reproducing buffer is selected to
be read out next at step 1604. Then at step 1605, an interruption is
genefated for requesting next provision of the waveform sanples to the CPU
101, and the process is finished. If, ata2step 1603, there remains the
wavef orm sanpl e on the reproducing buffer PBr which is not reproduced yet,

the process is onge f. nished. Next, .descri pti 3n i's given on Whitg Li m ngs
t he .f or egoi ng aPRIEALIODS apg dedtuperiormmeange; cdpetecent Hsaas, @ migh t he
op- eration in the normal nmode (m= 0) will be_ explained. Wen the nornmal

node is desi greerformance sovad seurnce beee de¢magded;ewhioh tasin inhe
register mis set to O in the forego- ing node SWevent routine shown in
Fig. 4. Since pat warimis effects such as a digital tone color filter process
and a scratch effect to a musical tone. Scratch is originally a
technique for producing a special effect tone by forcibly moving
an analog record disk by hand while the record disk is driven
on a turntable, so as to change a replaying speed irregularly.
The scratch is originally the special technique using the analog

record disk. There has been no digital musical tone generating

apparatus which realizes such a scratch effect.
SUMMARY OF THE INVENTION

In a musical tone generating apparatus which reads out
waveform data stored in a digital memory to generate musical
tones using software, an object of the present invention is to
achieve extended performance which could not be realized by

- the conventional software sound source so as to apply various
processes and effects to the musical tones while the number of
the generated musical tones may be saved. Further, in a musi-
cal tone generating apparatus which directly outputs waveform
data inputted in real time, an object of the present invention
is to achieve high performance which could not be realized by
the conventional software sound source so as to apply various

processes and effects to the externally inputted waveform data.



nodetst.art process MS(0) does not performany significant pro- cess to be
explained in particular, its flowhart is omtted. On the other hand, when
t he operation of éxecuting the DP rou- tine per sanpling clock Fs is

st opped- by the EX scratch node or the like, MS5(0) restarts its operation.
During the initialization at step 301 ind3Fig. 3 or in the restarting
process of the reproducing operation by nmeans of the foregoing M5(0), the

CPU 101 sets tl('/forse%%g', 1045 % "objedt of the present invention to realize a

scratch effect in a pseudo fashion in a musical tone generating
apparatus which reads out waveform data stored in a digital
memory or which directly outputs waveform data inpﬁti?ed in
real time.

According to a first aspect of the invention, a computerized
music apparatus is installed With a program which is executed
to perform reproduction of a musical tone by reading out a
corresponding waveform. The computerized music apparatus
comprises storage means for storing a plurality of waveforms
corresponding to different musical tones, each waveform being
stored in the form of a sequence of amplitude value data ar-
ranged at a given sampling period, designating means for des-
ignating at least one of the stored waveforms to command re-
production of a corresponding one of the musical tones, switch-
ing means opefable by a user for switching the reproduction
of the musical tone between a normal mode and an optional
mode, and reproducing means allotted with relatively high
performance under the normal mode for concurrently reading
out a number of the designated waveforms from the .stora,ge
means according to the program so as to concurrently repro-
duce the number of the corresponding musical tones, otherwise
the reproducing means being allotted with relatively low per-

formance under the optional mode such that the number of



53- tecrs of all the channels in Fig. 2(a) to the note-off state, cle
the sanple regions of the reproducing buffers PBO and PBL of Fig. 2(c) to
. 0, instructs the sound I/0O 112 and the DVA controller 113 to performthe
repr®dduci ng operation, and then starts the generation of the sanpli
clock Fs by the Fs clock generator 110. 88y this, the DVA controller
interrupts the CPU 101 per sanpling clock Fs fromthe Fs clock generator

110 and executes the.DP, routine of Fé&tbég@g&ﬁﬂugéi%a& Eé%u(gééign
r

start the opetB BHsical Longs coner

buf f er.

Now, a tim ng,of process upon the_reproduction will be ex-

pl ai ned. Fig. modg)issreaiced asncomparad toghat nadesthrimermal mode

while the reproducing means is allotted with additional per-
formance under the optional mode for digitally processing the
designated waveform to impart a specific sound effect to the
reproduced musical tone according to the program.

In a specific form, the switching means comprises means
switchable between the normal mode and a filter optional mode
such that the reproducing means operates under the filter op-
tional mode for digitally processing the designated waveform
by filtering to impart the specific sound effect such as to mod-
ify a timbre of the reproduced musical tone. In another spe-
cific form, the switching means comprises means switchable
between the normal mode and a pitch optional mode such that
the ;eeproducing' means operates under the pitch optional mode
for digitally processing the designated waveform by changing
reading speed of the designated waveform to impart the spe-
cific sound effect such as to modify a pitch of the reproduced
musical tone. In such a case, the computerized music appa-
ratus further includes pitch specifying means operable by the
user for specifying a,- pitch of a musical tone 1;0 be reproduced
sd that the reproducing means operates under the pitch op-
tional mode to impart the pitch specified by the pitch spec-

ifying means to the reproduced musical tone. Moreover, the

ars all
ng
113

0 as to
i ng



tion: Each of sections S1 to S5 represents a franme for executing the
reproduction of a set of the 128 sanples. In the figure, "waveform
generation by CPU' represents a section where the CPU 101 executes the
waveform generation routine HS(0) of Fig. 11(a) so as to performthe
process of generating 128 sam ples to lge reproduced next in the
reproduci ng buffer PBO or PB1. On the other hand, "DP routine of DVAC

represents a sgction.for perform t he. pyocess.of executing_ the. DP rou-
Line so as toUeSSTAIOE TikanE o0 Fhe dtEh  SORHE NG PRcRRS FOMBBFISE 2 The DP
routine is executed per interruption pendi ng.on the sanpling,clock Fs,
and the interpemmntlm@rge%énm me&a%ier diﬁ&ruswr &ued thathi n one

franme. Nunerals O to 4 . . .
the common implement is used as the designating means for

designating the waveform under the normal mode while the
common implement is used as both of the designa.ting means
for designating the waveform and the pitch specifying means

- for specifying the pitch of the musical tone corresponding to
the designated waveform.

In a further specific form, the switching means comprises
means switché,ble between the normal mode aﬁd a scratch op-
tional mode such that the reproducing means operates under
the scratch optional mode for digitally processing the desig-
nated waveform by irregularly changing reading addresses of
the designated waveform to impart the specific sound effect
such as to scratch the corresponding musical tone. In such a
case, the computerized music apparatus further comprises a
scratch implement manipulated by the user to input scratch
operation so that the reproducing means operates under the
scratch optional mode for changing the reading addresses of
the designated waveform according to the inputted scratch op-

- eration. .

In a second aspect of the invention, a computerized mu-

sic apparatus is installed with a program which is executed

to perform reproduction of a musical tone by reading out a |



54- assigned to each of "waveform generation by CPU' and "DP routine of
DMAC' are nuneral s assigned for convenience for indicating orders of the
wavef orm generation and the repro- duction. In Fig. 17(a), first at
sectForr S1, the CPU 101 executes HS(0) and generates or produces the
wavef orm data (128 wave- form sanpl es) feor the reproduci ng buffer PBO. At
subsequent section S2, the DVA controller 113 executes the DP routine

corresponding waveform. The computerized music apparatus
comprises storage means for provisionally storing a plurality
of waveforms corresponding to different musical tones, each
waveform being stored in the form of a sequence of amplitude
value data arranged at a given sampling period, designating_
means for designating at least one of the stored waveforms to
command reproduction of a corresponding one of the musical
tones, receiving means for receiving a fresh waveform in real
time basis When the fresh waveform is inputted from an exter-
nal source, switching means operable by a user for switéhing
the reproduction of the musical tone between a normal mode
and an optional mode, and reproducing means operative under
the normal mode for reading out the stored waveform desig-
nated by the designating means from the storage means ac-
cording to the program so as to reproduce the musical tone
corresponding to the designated waveform, otherwise the re-
producing means being operative under the optional mode for
suspending or stopping the reading of the stored waveform des-
ignated by the designating means and instead for processing
the fresh waveform received by the receiving means so as to re-
produce the musical tone correéponding to the fresh waveform
such that a specific sound effect is imparted to the reproduced
musical tone according to the program. In a specific form, the

reproducing means includes filtering means operative under



based on the interruption per sanpling clock Fs. By this, the 128 waveform
sanpl es of the reproducing buffer PBO generated at section Sl are
transferred to the output FIFO of the sound I/0O 112 and reproduced in
segjuénce at section S2. At the tinme point where all the 128 waveform

sanpl es of the reproducing buffer PBO ar’e transferred to the output FIFO of
the sound 1/0 112 (at term nation of section S2), the interruption takes

pl ace (step 1605). on thissinterruption as.a tgigger, the CRU 101
Bxecut oo the OR-PBIITR e oot BEDCeSInE e dredl ShavetoRsT i Gener at s
new wavef or m dat 128 waveform sanpl es) fqr the (gproducing,buffer, PBO.
The foregoi ng 1gﬁﬁlﬁéwlngnt(hé§1%§a¥ HBPATh Nk mlﬁﬁsﬁﬂémdt q@tesuch

reproduci ng buffer PBO.. PBl js_also used alternately with PBO. _To sum up,

the DP routin@s o anedifea bivbte of the repredugped nmsieal sanp! ilmgastock Fs

so as to performthe repro-
other specific form, the reproducing means includes scratching
means operative under the optional mode for irregularly pro-
cessing the fresh waveform to thereby impart the specific sound
effect such as to scratch the reproducéd musical tone. In such
a case, the computerized music apparatus further comprises a
scratch implement manipulated by the user to input scratch
operation so that the scratching means operates according to
the inputted scratch operé,tion for irregulé,rly changing reading
addresses of the fresh waveform which is temporarily stored
after the same is received by the receiving means to thereby
scratch the reproduced musical tone.

In a third aspect of the invention, a music apparatus repro-

duces a musical tone by reading out a corresponding waveform
according to a variable reading address so as to introduce a
scratch effect into the reproduced musical tone in respoﬁse to
touch action. The musical apparatus comprises storage means
for storing a waveform in the form of a sequencé of amplitude
value data arranged at a given sampling period to represent
a corresponding musical tone, a detecting implement having a

length to receive the touch action for detecting a point of the

touch action along the length and for outputting a positional



ductd an of the waveform sanples of PBO and PBl alternately

55 wth each other in such a manner: reproducing the wavef orm sanpl es of
PB1 at section S1, reproducing the waveformsam ples of PBO at section
S2, ¥ eproduci ng the waveform sanples of PBl at section S3, reproducing the
wavef or m sanpl es of PBO 8

value corresponding to the detected point of the touch action,
retrieving means for periodically retrieving the positional value
outputted from the detecting implement to monitor the touch
action, and reproducing means for variably determining each
reading address according to the retrieved ones of the posi-
tional values and for successively reading out the waveform
from the storage means according to each determined reading
address so as to reproduce the corresponding musical tone with
the scratch effect. Characterizingly, the reproducing means
comprises means operative when the touch action is initiated
for starting to read out the waveform from a predetermined
start reading address, and being operative during the course
“of the touch action for continuing to successively read out the
waveform according to each determined reading address. Fur-
ther, the retrieving means comprises means for differentially
processing the periodically retrieved positional values to com-
pute a velocity of the touch action, and the reproducing means
comprises means for determining a variable number according
to the velocity of the touch action and for accumulating the
variable number Ito a preceding reading address to determine a
succeeding reading address. Moreover, .the storage means com-
prises means for storing a waveform which is inputted from an
external source in real time basis, and the reproducing means

comprises means operative when the touch action is not com-



at section $4, and so on. HS(O is executed based on the in- terruption
caused at the tinme point where the 128 sanples are reproduced at each
section, and the next 128 sanples are pro- duced for one of PBO or PBl
which is currently idling. In view of the hierarchical structure of the
software, the DP routine belongs to level 1, while HS(O belongs to |evel
2. Thus, if an interruption is caused follow ng sanpling clock Fs while

orocur o e S 0t b SRRl RIS, o
i osan stvibis el odh e A bR R o)
At timings oxphe heingioperaiie SHben @5&5%@55%@%&%%%%%%{ cduced
reproduction of all O sanples, it is actually the

stopping the storing and outputting of the waveform and in-

stead for successively reading out the waveform from the stor-

age means according to the variable reading addresses to re-

produce the corresponding musical tone with the scratch effect.

Preferably, the storage means has a memory capacity sufficient

to store a complete data volume of a fresh waveform newly in-

putted from the external source in real time basis.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural block diagram of a sampler as an em-
bodiment of a musical tone generating apparatus according to
the present invention. |

Figs. 2(a)-2(e) are diagrams showing various working re-
gions in the sampler of Fig. 1.

Fig. 3 is a flowchart of a general routine.

Fig. 4 is a flowchart of a mode SW event routine.

Fig. 5 is a flowchart of a sampling mode start process MS(1).

Fig. 6 is a flowchart of a scratch mode start process MS(4).

Fig. 7 is a flowchart of an on-event routine (mode m =
0,2,4).

Fig. 8 is a flowchart of another on-event routine (mode m =



same as a case where no nusical tone is generated. The pro- cess will be
expl ai ned wherein the pad is tapped in this state. As shown by arrows of
“pad” in Fig. -17(a), it is assumed that the pad is set on at section Sl. If
t he pad-on is detected in the general routine, the note-on of the waveform

data correspond- 10 56 ing to the set-on
pad is witten in the sound source register '
3).

Fig. 9 is a flowchart of a ribbon controller detection value
retrieving routine RC(m) (m = 2, 5).

Fig. 10 is a flowchart of another ribbon controller detection
value retrieving routine RC(m) (m = 4, 6).

Figs. 11(a)-11(c) are flowcharts of waveform processing rou-
tines HS(m) (mode m = 0, 2, 3).

Figs. 12(a)-12(c) are flowcharts of waveform processing rou-
tines HS(m) (mode m = 4, 5, 6).

Figs. 13(a) and 13(b) are flowcharts of subroutines “normal
n” and “pitch 2”. |

Fig. 14 is a flowchart of a scratch process and an EX scratch
process.

Fig. 15 is a flowchart of a DR(m) routine (mode m = 1, 5, 6).

Fig. 16 is a flowchart of a DP routine;

Figs. 17(a) and 17(b) are diagrams showing timings of re-
production and recording of waveform data.

Figs. 18(a) and 18(b) are diagrams showing examples of
conversion from velocify VEL to scratch F number SFN.

Fig. 19 is a schematic block diagram showing another em-

bodiment of the invention..

DETAILED DESCRIPTION OF THE INVENTION
Hereinbelow, embodiments of the present invention will be

jii



of Rig. 2(a) through the on-event routine of Fig. 7. The gen- eral routine
or the on-event routine belongs to level 3 so as to be operated in parallel
to the waveform generation routine HS(0) and the DP routine. The note-on
written in the sound source register is treated for the reproducing buffer
in the next execution of the HS(O). Neixt, the operation in the sanpling
node (m= 1) will be explained. Wien the sanpling node is designated by the

b e el e
st opped and t harabbheck diagram el & ﬁ%'ﬂ{wlg&rd’&h%qlbiﬁ @él é@%@%ﬂé&fﬁ:?:dl tso
EHFASAC AT ACALDRLX. ET IS .

vention. The sampler includes a central processing unit (CPU)

101, a read only memory (ROM) 102, a flash memory 103, a

random access memory (RAM) 104, a timer 105, a ribbon con-

troller 106, a set of operating pads 107, a display 108, a panel

switch 109, a sampling clock (Fs) generator 110, a sound I/O

112, a DMA (direct memory access) controller 113, and a bus

line 113.

The CPU 101 controls operation of the whole system of the
sampler. The ROM 102 stores control programs executed by
the CPU 101. The RAM 104 is provided with working areas
such as various registers and buffers. The flash memory 103
is a memory for storing waveform data sampled and recorded
by this sampler. The recorded waveform data is temporar-
ily stored in a recording buffer on the RAM 104. When the
recording buffer is filled up, the waveform data in the record-
ing buffer is transferred to the flash memory 103. Even if the
sampler is powei‘ed off, the waveform da.fa in the flash memory
103 is held. Thus, the sampler has storage means for stor;
ing a plurality of Waw'reforms corresponding to different musical
tones. Each waveform is stored in the form of a sequence of

amplitude value data arranged at a given sampling period to



t ke Fs-cl ock generator 110 and executes the DR(1) routine of Fig. 15 upon
every interruption so as to start the operation of recording the waveform
sanple fromthe external source into the recording buffer. Now, the
ti'm hg -of the process upon recording will be ex- plained. Fig. 17(b) shows
a timng chart upon recording. Each of ¥2ctions Sl1 to S5 represents a frane
for executing the record- ing of a set of 128 sanples. In the figure, "DR

routine of represent the corresponding musical tone.

The timer 105 generates a timer clock signal for causing a
timer interruption at a given time interval to the CPU 101. By
means of the timer interruption, the CPU 101 executes various
processes such as retrieving a detection value of the ribbon
controller 106 at a given time interval.

The ribbon controller 106 is an -opera.ting implement ma-
nipulated by a user to perform scratch operation or else. The
ribbon controller 106 is a coordinate detecting device which
has a linear member of a finite length and which outputs a co-
ordinate of a position where a finger or a rod touches the linear
merﬁber. The ribbon controller 106 features that its operation
can be commenced at an arbitrary position. The ribbon con-
troller 106 outputs a default value while no touch action with
the finger or the rod occurs, and otherwise outputs a coordi-
nate position value when the touch action occurs. Thus, it can
be determined from the detection value whether the ribbon
controller 106 is operated or not, that is, whether the touch
action with the finger or the rod occurs or not. Namely, the .
detecting implement has a length to receive t.he touch action
for detecting a point of the toﬁch action along the length and
for outputting a positional value corresponding to the detected
point of the touch action.

The pads 107 constitute another operating implement ma-



57 "«DNAC' represents a section for performng a recording pro- cess of
executing the DR(1) routine so as to wite the waveform sanples of the

i nput FIFO of the sound 1/0 112 into the record- ing buffer. The waveform
sanpl e-is obtained by A/D convert- ing the external input signal and is
ADPCM conpressed. The DR(1) routine is ¥xecuted based on the interruption
per sam pling clock Fs, and this interruption is generated 128 tines at a

flash menory i@dlyoa set of the ten pads '10q7 ate 1grm?irde|(3fo The |?‘%%olr {I?gt he

or sampling of an original musical tone can be achieved by
designating one of the ten pads 107. In reproduction of the
recorded tones, a particular one of the pads 107 is tapped by
the user so that the waveform data recorded corresponding to
that pad is read out and replayed. Instead of tapping or setting
on the pad, it may be arranged to perform the tone reproduc-
tion by receiving note-on data of a MIDI (musical instrument
digital interface) signal. The pads 107 constitute designating
means for designating at least one of the stored waveforms to
command reproduction of a corresponding one of the musical
tones. |

The display 108 is provided for displaying various setting
information. The panel switch (SW) 109 is a switch group
provided on a panel of the sampler for the user to perform var-
ious setting operations. The.pa,nel switch 109 includes various
switches such as a mode change-over switch which constitutes
switching means for switching the tone reproduction between
a normal mode and one of vafiéus optional modes.
| The Fs clock generator 110 generates a samplixig clock of
a frequéncy Fs fed to the sound I/O 112. The sound I/O
112 is constituted by an LSI called CODEC. The sound I/O
112 has an analog-to-digital (A/D) conversion function and a



as t«o render the recording buffer vacant at step 509 in Fig. 5. Nunerals O
to 4 assigned to each section are nunerals assigned for convenience for

i ndi cating orders of the recording and the witing into the flash nenory.
In Fig- 17(b), first at section S1, the interruption is caused per sanpling
clock Fs and the DVA controller 113 exergites the DR(1) routine upon every
interruption. By this, the waveform sanples of the input FIFO of the sound

/0 112 are witten into the rdi ng buf,fer .RB0O.i n sgquence. At e tinme
poi nt where t Higit2d-ta-08 gn(ﬁﬁ&)e@‘”&ﬁ’%rﬁmnt functign, dhe s imgflbuffer

: tone signal inputted from an external source 111 is received,
and a D/A output terminal to which a sound system 114 is
connected. The sound I/O 112 has a function of compressing
waveform data which is obtained by converting the received
analog musical tone signal from the external source 111 into
digital data through the A/D conversion function. The wave-
form data is compressed according to the ADPCM (adaptive
differential pulse code modulation). Further, the sound I/O
112 has another function of performing ADPCM expansion to
the waveform data which is D/A converted and outputted to
the sound system 114 through the D/A output terminal. In the
embodiment of the invention explained here, only the ADPCM
compression is actually performed at the sound I/O 112, and
the ADPCM expansion is performed by execution of a given
software by the CPU 101.

The sound I /O 112 is provided therein with two FIFO (first
in first out) stack regions. One of them is an input FIFO
for holding digital waveform data inputted via the A /D inpﬁt
terminal, and the other is an output FIFO for holding digital
waveform data outputted via the D/A output terminal. The

sound I/O 112 constitutes receiving means for receiving a fresh

waveform in real time basis when the same is inputted from



58 «into the flash nmenory 103 at section S2 (step 509) so as to render the
recording buffer RBO vacant. The foregoi ng expl anati on has been nade only
V\nth_ respect to the recording buffer RBO. RB1 is also used alternately wth
RBO.* Te sumup, the DR(1) routine is executed based on the interruption per
sanpling clock Fs so as to performthe ;5

the external source 111.

Hereinbelow, input/output operations of the sound I/O 112
using the input FIFO and the output FIFO will be briefly
explained. An analog musical tone signal inputted to the A/D
input terminal of the sound I/O 112 from the external source
111 is A/D converted in response to the sampling clock of
the frequency Fs, and is then written into the input FIFO
(ADPCM compressed if necessary). When the waveform data
exists in the input FIFO, the sound I/O 112 outputs a demand
for processing the input waveform data to the DMA controller
113. In response to the process demand, fhe DMA controller
113 transfers the data of the input FIFO to a recording buffer
region prepared in the RAM 104. This data transfer by the
DMA controller 113 is performed such that the DMA controller
113 executes an interruption operation relative to the CPU 101
every sampling clock Fs so as td hold the bus line 115. The
CPU 101 is unconscious of the holding of the bus line 115
by the DMA controller 113. The foregoing transfer process
of the waveform data by the DMA controller 113 during the
recording of the musical toﬁe Wﬂl be described later in detail
with reference to Fig. 15. | |

On the other hand, when the waveform data exists in the
output FIFO of the sound I/O 112, the waveform data in the
output FIFO is D/A converted every sampling clock Fs, and



recording or witing of the waveform sanples into RBO and RB1 alternately
with each other according to the sanpling clock Fs in such a manner:
recordi ng the waveform sanples into RBO at section Sl1, recording the
wavef orrm sanpl es into RB1 at section S2, recordi ng the wavef orm sanpl es
into RBO at section S3, and so on. Baseglgon the interruption caused at the
time point where 128 sanples are recorded in each section, the waveform
sanpl es of the recording buffer_ which conp] etes the_ recording are witten
into the flashSmeRsr fo1bhe sound syséem Hel4idpathe DA uiptttersn-t he
software, the DR(1) routine belongs to level 1, while M5(1) belongs to
| evel 3. Thus nalfsarthiatt the uptisivali fome ds emitdedowWhenatipe iwigvefarmi Fs
while M5(1) is executed, the DR(1) routine is executed with priority. By
this, the recaatanef lﬂleﬂﬁﬁﬁ?ubeIE@ BRotputtedpehend ishe roomiingthet o t he
o}

flash nenory 103 by neans M5(1) can be

output FIFO so that the sound I/O 112 outputs a demand
for obtaining another waveform data to the DMA controller
113. The CPU 101 generates in advance waveform data to be
outputted, then stores the generated waveform data in a re-
production buffer on the RAM 104, and outputs in advance a
demand for reproducing the waveform data to the DMA con-
troller 113. The DMA controller 113 executes an interruption
operation évery sampling clock F's relative to the CPU 101 so
as to hold the bus line 115 and transfers the waveform data
stored in the reproduction buffer of the RAM 104 to the sound
I/O 112. The CPU 101 is unconscious of the transfer of the
waveform data by the DMA controller 113. The waveform data.
written in the output FIFO is, as described above, sent to the
‘sound system 114 every sampling clock Fs so that the musical
tone is emitted. The foregoing transfer process of the waveform
data by the DMA controller 113 during the tone reproduction

W1]1 b.‘.e described later in detail with reference to Fig. 16.
Further, the sound I/O 112 has a function to directly trans-
fer the waveform data inputted at the A/D input terminal to
the D/A output terminal so that the musical tone signal from
the external source 111 is directly outputted to the sound sys-



perforned in parallel with each other. Next, the operation in the filter
node (m= 2) will be ex- plained. Wen the filter node is designated by the
user us- _ 59 ing the node change-over

swi t'ch; the register mis set to 2 in the foregoing node SWevent routine
shown in Fig. 4. Since the filter node gyart process MS(2) does not perform
any sig-

tem 114 as it is. Connection between the A/D input and the
D/A output is performed based on an instruction from the
CPU 101. Further, the CPU 101 is capable of cutting the di-
rect connection between the A/D input and the D/A output.

Next, basic operation of the sampler of Fig. 1 will be briefly
explained. The sampler has seven operation modes, that is, a
pormal mode, a sampling mode and five optional modes includ-
ing a filter mode, a pitch mode, a scratch mode, an external
input (EX) filter mode, and an external input (EX) scratch
mode. These modes can be switched by means of the mode
change-over switch provided in the panel switch 109. Herein-
below, each mode will be explained.

The normal mode is selected for replaying the recorded mu-
sical tone. In an initial state, the sampler is set the normal
mode. In the normal mode, when the user taps one of the ten
pads 107, the waveform data recorded corresponding to that
pad is read out from the storage by reproducing means com-
posed of the CPU 101 according to an installed program. In the
normal mode, up to four tones can be reproduced concurrently.
Specifically, four waveform data recorded corresponding to the
tapped four pads are replayed simultaneously. When the fifth
pad is tapped, the reproduced tone corresponding to the pad
first tapped is stopped and the waveform data corresponding
to the newly tapped fifth pad is replayed.



ntfitant process to be explained in particular, its flowhart is omtted.
On the other hand, when the operation of execu-t- ing the DP routine per
sanpling clock Fs is stopped by the EX scratch node or the |ike, M5(2)
réstarts its reproduci ng operation |ikew se the normal node start process
V5( 0) . The filter node perfornms the r&production in a manner es-
sentially the sane as that of the normal nobde. The DP routine is executed

per sanpling clo Fs and .al | e re- oduci uf f er PBO,
PBL are repeat ed Wﬁ?ggtsr‘? e%t%ltg T§CH mﬁ:ﬁig&é Whi%h are

t he .sane as | the node, ;.and a prqce cedure .u ad-on is
al'so the samel merm@etaafmﬁ&%wﬂﬁasdﬁeﬁggaﬁe@%ngo hﬁﬁéne fe as in
Fig. 17(a). However in the, fi It r node, ,the RC take-in routine RC(2) of
Fig. 9is exeshangeqyer gwieh; ithengsensimultanpeus mesxtgn@basu@tp@ so as

to take in the detection value . . .
for recording. By this, the musical tone inputted from the

external source 111 can be recorded corfesponding to that des-
ignated pad. |

In the filter optional mode, only two tones can be repro-
duced concurrently according to pad-on in contrast to the nor-
mal mode. Namely, the reproducing means is allotted with
high performance under the normal mode for concurrently read-
ing out at most four number of waveforms, and is allotted
with low peﬁormce in the optional mode such as the fil-
ter mode for concurrently reading out at most two number
of waveforms. Further, digital filter processing, specifically,
low-pass filter processing is applied to those reproduced tones.
By operating the ribbon controller 106, the user can change
a cut-off frequency in the low-pass filter processing. Namely,
the reproducing means is allotted with additional performance
under the filter mode for digitally processing the waveform by
filtering to impart a specific sound effect to the musical tone
such as to modify timbre of the reproduced tone.

The pitch mode is selected for reproducing the recorded mu-
sical tone with a desired pitch shift. In the other operation

modes than the pitch mode, the musical tone is reproduced



af the ribbon controller 106, and HS(2) of Fig. 11(b) is set, instead of
as the waveform generation process of the CPU 101 in Fig. 17(a).
t he wavef orm sanpl es of at npbst two

HS(0),
the waveform generating routine HS(2),
tones based on the pad-on are accunulated in the reproducing buffer, and
the filter process is performed with theafilter coefficient depending
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at an original pitch as it is. When the pitch mode is desig-
nated using the mode change-over switch, by simultaneously
operating one of the pads, the user specifies desired waveform
data to be replayed in the pitch mode. Thereafter, when the
specified one of the ten pads is set on, the designated wave-
form data is replayed with a specified pitch cqrresponding to
that pad. Only two tones can be reproduced concurrently in
this mode. Although the pad for designating the waveform to
be replayed is used commonly as the pitch specifying means,
the pitch specifying means may be provided separately from
the pad. The waveform is digitally processed under the pitch
mode by changing reading speed of the data such as to shift or
modify the original pitch of the corresponding musical tone.
The scratch mode is selected for realizing the scratch oper-
ation by the user. When thé scratch mode is designated using
the mode change-over switch, the user simultaneously desig-
nates desired one of the pads. Waveform data corresponding
to that pad is subjected to the scratch operation. Thereafter,
by touching the ribbon controller 106, the waveform data starts
to be replayed. Further,. by moving the touch position on the
ribbon controller 106, the tone is scratch-repiayed. Furfher,
in this mode, apart from the scratch reproduction, only two
tones can be reproduced concurrently in the normal mode us-

ing the ten pads. The waveform is digitally processed under

In



an the detection value RD of the ribbon controller 106 relative to the
wavef orm sanpl es of the reproducing buffer (steps 1112 and 1113). In the
foregoing fashion, the filter control of the reproduced tone by the ribbon
cont'rokl er 106 is perforned. In the filter node, the nunber of tone
generations is reduced fromfour of thegormal node to two. In place of the
reduction in nunber of the generated nusical tones, the filter process is

Goner ati ons. SHORIMTBEIGRPOREH IWFSHIATLY SheDeiBRI S SHARBEER Phe f our
nouTf1 6l ent Gheniatesoias bo aorateshesrapioidusd SUHCA St od t ones. | n
this regard, the nunmber of tone generations is reduced to two so as to
L o Be B e a1 s el WERIAUa {onl

data fed from the external source 111 and for outputting the

filtered waveform data to the sound system 114. A cut-off fre-

quency of the filtering can be changed by the user by means of

the ribbon controller 106. In the EX filter mode, it is arranged

that the replay of the stored waveform is suspended even if the

pads are operated by the user.

The EX scratch mode is selected for applying the scratch

operation to the fresh waveform fed from the external source

111. In the EX scratch mode, when the ribbon controller 106

is not touched, the waveform from the external source 111 is

outputted as it is to the sound system 114. At a moment of

touching the ribbon controller 106, the direct sound output to

the sound system from the external source is stopped, and the

scratch reproduction by the ribbon controller 106 is performed

for the external inp.ut waveform received at that moment. In

the EX scratch mode, it is arranged that the replay of the

stored waveform corresponding to each pad is suspended even

upon pad-on. |

Next, registers, buffers and the like provided in the RAM

104 will be explained. Fig. 2(a) shows a sound source register

provided in the RAM 104. The sound source register is com-



Next-, .the operation in the pitch node (m= 3) will be ex- plained. Wen the
pitch node is designated by the user using the node change-over switch, the
register mis set to 3 in the foregoing node SWevent routine shown in Fig.
4 Sinee the pitch node start process M5(3) does not performany specific
process to be explained in particular, 21s flowchart is omtted. On the

ot her hand, when the operation of executing the DP routine per sanpling

OO i e ool oPY-henhel Togiosd (T8H°48h) 108 thieSad"Phrtorhfzhas' s 1o
and a sound source register sch for the scratch reproduction.
The register for each channel stores various data such as ad-
dresses for reading out waveform data and note-on data.

Fig. 2(b) shows a recording buffer proviiied in the RAM
104. The recording buffer is provided with two buffers, that
is, RBO and RBl, each of which can store waveform data of
128 samples. Upon recording, waveform samples are stored in
one of the recording buffers. Namely, the waveform data fed
from the external source 111 is transferred to the one recording
buffer via the input FIFO of the sound I/O 112 by the DMA
controller 113. When the one recording buffer is filled up, the
waveform samples of the one recording buffer is written into
the flash memory 103 by the CPU 101. Along with this, the
storage of waveform samples continues into the other of the
recording buffers. In this fashion, the two recording buffers
are alternately used for continuously recording the waveform.
RBk (k = 0 or 1) represents the recording buffer currently
performing the recording or storing of waveform data, while
RBk represents the other recording buffer. k represents an
inversion of k (When- k=0,k=1,whenk=1,k=0). |

Fig. 2(c) shows a reproducing buffer in the RAM 104. The
feproducing buffer is provided with two buffers, that is, PBO
and PBI1, each of which can store waveform data of 128 sam-



61 -wi.se the normal node start process M5(O). The pitch node perforns the
tone reproduction in a nmanner essentially the sane as that of the nornal
nmode. The DP routine is executed per sanpling clock Fs and all O sanples in
t-he ‘reproduci ng buffer PBO PBl are repeatedly reproduced while the pad-on
IS not achieved, which are the sane as 2& the normal node, and a processing
procedure upon pad on Is also the sane. Further, the tim ng upon
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buffer is transferred to the sound I/O 112 by the DMA con-
troller 113 and is outputted via the output FIFO. The other
reproducing buffer is provided to store waveform data to be
outputted next by the CPU 101. In this fashion, the two repro-
ducing buffers are alternately used for the tone reproduction.
PBr (r = 0 or 1) represents the reproducing buffer currently
transferring waveform data to the sound I/O 112 for repro-
duction, while PBF represents the other reproducing buffer. T
'represents an inversion of r (whenr =0, T =1, when r =1,
r=0).

Fig. 2(d) shows a scratch region SR provided in the RAM
104. The scratch region SR is prepared when the scratch mode
is designated. When the scratch mode is set, the waveform data
corresponding to the designated pad is ADPCM expanded with
linear 16 bits, and is developed in an area of the RAM 104. It
is determined in advance as to which part of the waveform
data is set to the scratch region SR. A certain address on the
scratch region SR is set in a scratch pointer SP as a scratch
start address. A value of the scratch pointer SP can be changed
by the user. When the user operates the ribbon controller 106

" in the scratch mode, the scratch reproduction is performed. In

this case, when an initial touch is given to the ribbon controller



l.nstread of that of HS(O of Fig. 11(a). In the pad-on event routine of Fig.
8, the F nunber FNi corresponding to the pad nunber PN is generated. In the
wavef orm generating routine HS(3) of Fig. 11(c), the waveformsanple is
rread out using the address which is the sumof the F nunber FNi and the
address ADi so as to change the readi ngz%peed. By this, the reproduction

rﬁth a desi[gd pitch candbe acpieve?. In the pitch node, the nunber of
one generati s re-

of the reduct ﬁ@ﬁ oh Air gy r@%gﬁﬁ%@a‘*ﬁﬁ%ﬁ%&?ﬂ%ﬁ%&?#ﬁ% i MR
gener at i ons ShBS %agﬁwtc&eégp BARALES BY GRe SRR B el Though four

tones can be ener ate
? (je) srLows a scratch region prepared in the EX scratch

mode. In the EX scratch mode, the waveform data from the
external source 111 is stored in recording buffers SRBO and
SRB1. The recording buffers SRB0 and SRB1 are correspond-
ing to the recording buffers RBO and RB1 explained with ref-
erence to Fig. 2(b), and are alternately used likewise RBO and
RB1. Each of SRB0 and SRBI1 has a sufficient memory capac-
ity for performing the scratch. For example, when the sampﬁng
clock is 40 kHz, the memory capacity is capable of storing no
less than about 40 k samples. One of SRB0 and SRB1 which
is not used at a moment when the operation of the ribbon con-
troller 106 is started, is set as the scratch region. Since there
is a recording pointer RP which indicates a writing address in
the recording buffer SRBO, the data writing is currently per-
formed into SRB0. Accordingly, a part of the other recording
buffer SRB1 into which the data writing is not performed is
set as the scratch region SR. Further,l a certain address in the
scratch region SR iS set in the scratch pointer SP as a scratch
start rea,dingl address. |

Next, registers other than those shown in Figs. 2(a)-2(e)
will be listed below:

(1) m: an operation mode register. 0 represents the normal



62 hornal node, a process tine becones insufficient when the pitch shift
process is applied to the generated tones. In this regard, the nunber of
tone_generations is reduced to two so as to shorten a process tinme for the
wavef orrm generation, and the pitch shift process is perforned in a

remai ning tine. Next, the operation 28 the scratch node (m=4) wll be
expl ai ned. When the scratch node is designated by the user

mode, 1 the sampling mode, 2 the filter mode, 3 the pitch
mode, 4 the scratch mode, 5 the EX filter mode, and 6
the EX scratch mode.

(2) PN: a register for storing pad numbers for identifying the
- pads.

(3) i: a register for storing channel numbers of the channels

for assigning or allocating thereto tone generation.

(4) FNi: aregister for storing an F number of the i-th channel

where tone generation is allocated.

(5) TMP: a register for storing a detection value of the ribbon
controller 106.

(6) RD: aregister used when a detection value from the ribbon
controller 106 is changed for setting that detection value.

(7) RS: a flag for indicating a state of the ribbon controller
106. When the ribbon controller 106 is operated in manner
such as a finger or the like is in touch with the ribbon
cdntroller 106, the flag is set to 1. When a finger or the
like is not in touch with the ribbon controller 106, the flag

18 set to 0.

" (8) VEL: a register for setting the speed of touch actiof along
the ribbon controller 106, specifically, the speed of move-



using .the node change-over switch, the register mis set to 4 in the

f oregoi ng node SWevent routine shown in Fig. 4. In the scratch node start
process M5(4), the waveformdata to be scratch-reproduced is devel oped in
t-he *gi ven region and the scratch region SR and the scratch pointer SP are
set in advance. Although not shown in Fpg. 6, when the operation of
executing the DP routine per sanpling clock Fs is stopped by the EX scratch

node or the like, NMS(4) tagrts its eration .jkewi se the nor node
start process Ms(&pent qfrn%ﬁ?nz{%&ﬁ’ra%ht € Cheb? b‘&l&&"rcg’n Wﬁh&et Wwor
tones caused by the pad-on is _perforned in a procedure essentially the sane

as that of the nobhl 9110@@?.113 roH)®out i ne is execut ed per sanpling clock
Fs and all O sanples in the re- producing buffer PBO, PBl are repeatedly

reproduced while t d- [ t ' j '
nolro- (93) 6]%[5):613, Fggilsi?ern?or Co'ih?ﬁ’é dé, 13@{; (H]etggz 1otnh%ai€ge of the " the
ribbon controller 106.

(10) SAD: a register for storing a scratch reading address.

(11) ADi: a register for storing a reading address in the i-th
channel (i=1—4).

(12) SFN: a register for storing an F number used when reading

out waveform data from the scratch channel sch.

(13) RP: a recording pointer for indicating a writing address

of waveform data into the recording buffer.

(14) PP: a reproducing pointer for indicating a reading address

of waveform data from the reproducing buffer.

The foregoing symbols showing the registers and the like
also represent storage regions of the registers and the like, and
further represent data stored in those storage regions. For
example, m represents not only the operation mode register
but also the data indicative of an operation mode stored in
that register.

Figs. 3 to 16 are flowcharts for explaining operations of the
CPU 101 and the DMA controller 113 in the sampler of Fig. 1.



pal *mode, and ‘a processing procedure upon pad-on is also the same. Further,
the timng upon reproduction is also the sane

63 as in Fig. 17(a). However, in the scratch node, the RC take-in routine
RC(4) of Fig. 10 is executed by the tinmer interruption so as to take in
the detection value of the ribbon contrag | er

Hereinbelow, a hierarchical structure of the software will be
first explained, and then a processing procedure of each of the
software modules will be explained according to the flowcharts
of Figs. 3 to 16. Thereafter, the description is given on what
timings the software modules are executed so as to achieve the
function of each mode.

First, the hierarchical structure of the software is explained.
The programs shown .in Figs. 3 to 16 are classified as follows:

level 1: a DR(m) routine of Fig. 15 operating the DMA
controller 113 in the waveform recording, and a DP routine
of Fig. 16 operating the DMA controller 113 in the waveform

- reproduction.

level 2: waveform generation routines HS(m) of Figs. 11(a)
to 12(c) performing waveform preparation by the CPU 101,
and ribbon value retrieval routines RC(m) of Figs. 9 and 10
retrieving the detection value of the ribbon controller 106 by
the CPU 101. Process routines of Figs. 13(a), 13(b) and 14
are included here as subroutines of the waveform generation
routines HS(m).

level 3: a general routine of Fig. 3 executed by the CPU
101. A pad scan routine, a SW scan routine and various event
routines of Figs. 4 to 8 are included here as subroutines of the
géneral routine.

The process routines of level 1 have the highest priority.



106= The note-on is witten in the sound source regi ster sch of the scratch
channel at the start of the operation. Further, the velocity VEL of the
ri bbon controller 106 is detected and wit- ten in the sound source
register sch. The waveform generation process of the CPU 101 is set to
HS(4) of Fig. 12(a) instead of HS(O. 127 the waveform generating routine
HS(4), the genera- tion of the waveform sanples for the two tones caused by
the pad-on is_perforned by the nofmal 2 %.ubro%:ri ne Ii{cevvi t he nor mal
mode. Furt her Spesi Y Whent 8B HSTEUPHIAN ( g?xﬁgﬂ)‘,m&iﬁﬁapépﬂeﬁ sanpl e
in the scratch region SR is read out using the address SAD derived by
addi ng the F noutire sfNevel i hdakesr placesmiiilatde precess alolenaladppl i s
accunul ated in the reproducing buffer PBr. By this, the scratch
reproduction Bsis ergctibed d¢hegproessswevetinenofidevek dnishexachted ewitin
addition to the two tones caused by the pad-on.
' the highest priority. The processes DR(m) and DP of level 1
are not executed by the CPU 101 but executed by the DMA
controller 113. Thus, when the interruption for the process of
level 1 takes place, the operation of the CPU 101 is stopped
while the DMA controller 113 holds the bus line 115 so as to
execute the process of level 1 with the highest priority. The
interruption for the process of level 1 is timed by the sampling
clock Fs. Specifically, the interruption takes place every sam-
pling clock Fs so that the DMA controller 113 executes DP
in the waveform reproduction, and DR(m) in the waveform
recording. Whether DP or DR(m) is executed or not upon
the interruption at each sampling clock F's is designated to the
DMA controller 113 from the CPU 101 in advance.
The process of level 2 has the priority which is lower than
that of the process of level 1 but higher than that of the process
of level 3. Specifically, when an interruption for executing the
process of level 2 takes place while the general routine of level 3
is executed, the process routine of level 2 is executed with pri-
ority. The DP routine of the DMA controller 113 reproduces

or reads out the waveform data from the reproducing buffer

and interrupts the CPU 101 when the reproducing buffer be-



Il n tthe scratch node, the nunber of tone generations is re- duced from four
of the normal node to two. In place of the reduction in nunber of the
generated nusical tones, the scratch tones are generated. Since a given
Aunter -of tone generations should be perfornmed within a one-frame tine,
gl4t hough four tones can be generated i n28he nornmal node, a process tine

comes vacant. In response to this interruption, the CPU 101
executes the waveform generation routine HS(m) and provides
next sample values of the waveform to the reproducing buffer.
The ribbon value retrieval routine RC(m) is started by a timer
interruption. Specifically, the timer interruption takes place
every clock outputted from the timer 105 at a given interval so
that the CPU 101 executes the ribbon value retrieval routine
RC(m) to take in the detection value of the ribbon controller
106.

The level 3 represents the process routine having the lowest
priority. The CPU 101 repeatedly executes the general routine
of Fig. 3 and further executes the given subroutines upon oc-
currence of an on-event of the pad 107 or an operation event
of the panel SW 109.

Next, the operating procedure of the respective software
modules will be explained according to the flowcharts of Figs. 3
to 16. Fig. 3 shows the general routine of level 3. When the
sampler is powered on, the CPU 101 executes this general rou-
tine. First at step 301, various initial settings are executed. In
particular, the operation mode m is set to the normal mode as
indjcé,ted by m = 0, a note-off command is set to all the chan-
nels of the sound source register of Fig. Z(a), and all the éample -
regions of the reproducing buffers PBO and PB1 are cleared to
zero. During the initialization, the CPU 101 instructs the re-



becones insufficient when the scratch tones are additionally generated. In
this regard, the nunber of tone generations is reduced to two so as to
shorten a process tine for the waveform generation, and the scratch tones
are ‘generated by using the remaining tine. Next, the operation in the EX
filter mode (m=5) will be explained. 2en the EX filter node is

desi gnated by the user using the node change-over switch, the register mis

Flouchart of DREdBeRE| PRCTsato Sher DA cansTolen 1T, Tnindipensecte) e °
101 i natr uct s this SharndMAO contrallert hLS kBB Yo her CIY 10T BVEFYupt t he
CPU 101 per sanpling clock Fs fed fromthe Fs_clock generator 110 and to
execute the DBamplingt cleclofsiftomi shepBs elosky genesatarptliléh exe-
cutes the DP routine of Fig. 16 upon every interruption so as
to start the operation of reproducing the waveform data, held in
the reproducing buffer. Further, the timer 105 is started dur-
ing the initialization. By this, the CPU 101 executes the RC
retrieval routine RC(m) upon every timer interruption based
on the clock from the timer 105 so as to start the process of
retrieving the detection value from the ribbon controller 106.
Next, a pad scan process is executed at step 302, then an
SW scan process is executed at step 303, and thereafter the
routine returns to step 302 to repeat the same processes. The
pad scan process of step 302 is carried out to detect whether
there is any on-event of the ten pads 107, and executes the
on-event routines shown in Figs. 7 and 8 when there is the
on-event. The SW scan prbcess of step 303 is carried out to
detect whether operation of the panel SW 109 is performed
or not, and executes the process routine corresponding to that
operation when the operation is performed.
Fig. 4 shows a mode SW event routine which is called upon
detection of the actuation of the mode change-over switch in
the SW scan process of step 303 in Fig. 3. In the mode SW

event routine, a value indicative of the operation mode des-



as to.start the witing operation of the waveform sanples fromthe external
source into the recording buffer RBk. At this time, the operation of
interrupting the CPU 101 per sanpling clock Fs fed fromthe Fs clock
generator 110 and of executing the DP routine of Fig. 16 upon every
interruption to reproduce the waveformaéta in the reproducing buffer is
not stopped. |If the operation of executing the DP routine per sanpling

ook Fe ! AoRBh Ml 2o 2 R L ol gl RThehhar 11
switch is set in the register m at step 401, and the display
108 is controlled according to the designated mode m at step
402. Then, a starting process MS(m) corresponding to the
designated mode m is executed at step 403, and thereafter the
process is terminated.

Fig. 5 is a flowchart of a sampling mode start process MS(1)
which is called at step 403 in Fig. 4 when the user designates
the sampling mode (m = 1) using the mode change-over switch.
In the MS(1) prbcess, first at step 501, it is determined whether
the designation of a pad is performed. If the designation of any
pad is not performed, step 502 determines whether the desig-
nation of the sampling mode is quit or not. If the designation
of the sampling mode continues, the routine returns to step
501 so as to urge the designation of the pad.

If the designation of any pad is effected at step 501, a num-
ber of the designated pad is stored or reserved in the register |
PN at step 503, and recording preparation is performed at step
504. The recording preparation is performed for ensuring the
recording buffers RBO and RBI1, the. recording region on the
flash memory 103 and other regions. Further, the DMA cbn—
troller 113 is instructed to stop the execution of the DP routine.
which is executed by interrupting the CPU 101 each sampling
clock Fs. Next, at step 505, it is determined whether a condi-



65 <Specifically, DP and DR(5) are executed per sanpling clock Fs. In this
case, since DP and DR(5) are operated follow ng the sane sanpling cl ock Fs,
they operate synchronously so that the interruption at step 1605 of the DP
Foutyi ne and the interruption at step 1505 of the DR(5) routine take place
at the identical timng. Upon the inter3uptions caused at the sanme timng
as a :rhgg?r, Lhe m¥erormgenerat|ng routine HS(5) of Flg 12(b) is
executed. In the EX filter node, .the_ external. i nput | S ot ecor ded
subst anti al | ytiomé&teggerhfer sh@thmg.%rew 135@1% Sﬁlﬁfgﬁglﬂﬁ(%ﬁ?{l ¢ ne, but
this is for filtering the taken-in waveform data. Thus the w tlng of the
signal into tbenflitien femthe steatief nee qghng@rfﬁﬁcﬁxamP e, is SUCL

the recording is started when the input level becomes no less
than a given value. If the condition for the start of record-
ing is not satisfied, step 506 determines whether to stop the
recording. If the recording continues, the routine returns to
step 505.

If the condition for the start of recording is satisfied at step
505, the recording is actually started at step 507. The start
of recording is, specifically, effected by instructing the start of
recording to the DMA controller 113 from the CPU 101. By
this, the DMA controller 113 interrupts the CPU 101 each sam-
pling clock Fs from the Fs clock generator 110, and executes
the DR(I) routine of Fig. 15 upon every interruption so as to
start a process of setting the waveform data inputted from the
external source 111 into the recording buffer RBk via the input
FIFO in the sound I/O 112.

Next, at step 508, it is determined whether the recording
buffer is filled up. As will be explained in detail with refer-
ence to Fig. 15, in the DR(1) routine, the waveform samples
of the external source are tr#nsferred to the recording buffer
RBk. When RBk is filled up, k is inverted to cause the in-
terruption. Step 508 awaits this interruption and determines

whether. the recording buffer is filled up. If the interruption



When*t ke interruptions take place according to DP and DR(5) at the same
timng as described above, 128 linear sam ples of the waveformdata from
~the external source 111 are wit- ten in the recording buffer RBK while the
reproducing buffer PBr is vacant. The waveform generating routine HS(5)
per- fornms the filtering process relatig2 to the 128 waveform sanpl es of
the recording buffer RBk and sets the resultant 128 wave- form sarrpl es I n
t he reproduci ng buffer PBr. The RC take-jin routine RC(5) of Eig
execut ed bytakes plae, thisaneapsi thatsthesecording huffenf Bk m:ﬁill@d val ue
RD of the ribbon controller 106. The filter coefficient of the fil- tering
process is detwith i@ sepefdrng samples. ddflees,i bhe vwhweform samples of

the recording buffer RBk are written into a predetermined re-

gion of the flash memory 103 at step 509, and thereafter the

routine returns to step 508.

If the recording buffer is not filled up (no interruption from

the DR(1) routine) at step 508, step 510 determines whether to

finish the recording process. The recording process is finished

upon an on-event of a recording stop switch of the panel SW

109 or when the recording region ensured in the flash mem-

ory 103 is filled up. If it is judged that the recording process

should not finish at step 510, the routine returns to step 508

to continue the recording. If it is judged that the recording

process should finish at step 510, the recording finish process

is executed at step 511 by instructing the DMA controller 113

to stop the execution of the DR(1) routine. Then, at step 512,

the register m is set to 0 to return to the normal mode, and the

process is finished. In return to the normal mode, the DMA

controller 113 is instructed to start the execution of the DP

‘routine by interrupting the CPU 101 per éampling clock F's.

In similar manner, if the sampling mode start process is quit

at step 502, the register m is set to 0 to thereby return to the

normal mode at step 513, and then the process is finished. Fur-

ther, if the recording process is quit at step 506, the register m



66 'RD- In the foregoing fashion, the external input signal is filter-
controlled by the ribbon controller 106 so as to output a nod- ified

musical tone with desired tinbre variation. Next, the operation in the EX
scratch node (m= 6) will be explained. Wien the EX scratch node is
designated by the user using the node chgge-over switch, the register mis
set to 6 in the foregoing node SWevent routine shown in Fig. 4. Although a

ot as the 118 5utad) tpothameby Tettirn o thé Sormal thods &b step 514 )
and then the process is finished. Process at steps 513, 514 is
the same as that of step 512.

Fig. 6 is a flowchart of the scratch mode start process MS(4)
which is called at step 403 in Fig. 4 when the user designates
the scratch mode (m = 4) using the mode change-over switch.
In the MS(4) process, first at step 601, it is determined whether
the designation of a pad is performed or not. If the designation
of any pad is not performed, step 602 determines whether to
quit the designation of the scratch mode. If the designation
process of the scratch mode should be continued, the routine
returns to step 601 so as to urge the designation of the pad.

If the designation of any pad is performed at step 601, a
number or code of the designated pad is reserved in the register
PN at step 603. Then, preparation for performing the scratch is
made at step 604. This is a process of reading out the waveform
data recorded corresponding to the pad number PN from the
flash memory 103, ADPCM-expanding the read waveform data
and developing the expanded waveform data in a given region
of the RAM 104. Then at step 605, a desired part of the
waveform data developed in the given region of the RAM 104
is set to be the scratch region SR (Fig. 2(d)), and the scratch
pointer SP representing an address of starting the scratch is

set to a predetermined value. If the scratch mode designating



Spect fical ly,

the CPU 101 instructs the sound 1/0O 112 and the DVA

controller 113 to interrupt the CPU 101 per sanpling clock Fs fed fromthe
Fs clock generator 110, and to execute the DP routine of Fig. 16 upon every
interruption so as to stop the operation of reproducing the waveform

sanples in the re- producing buffer PBr34Further,

the CPU instructs the

sound 1/0 112 to directly connect between the A/D input and the DN A out put

and to directl
to the sound

the sound I/0O
sanpling cl ock
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routi ne of Fi % gﬁa]pon every interruption so as to start the operat
sanple fromthe exter- nal source into the recording

witing the
‘buf f er SRBK.

In the EX scratch
Fig. 7 shows a flowchart of the pad on-event routine which

is called upon detection of the on-event of the pads 107 at step
302 in Fig. 3 when the mode m is set to the normal mode, the
filter mode or the scratch mode (m = 0,2,4). In this on-event
routine, first at step 701, a pad number of the pad 107 where
the on-event occurs is set in the register PN. Then, step 702
determines whether the waveform data corresponding to the
pad number PN is reserved on the flash memory 103. If there
is no waveform data corresponding to the pad number PN, the
process is finished. If the waveform data corresponding to the
pad number PN is found at step 702, allocation or assignment
of the tone generation channel is performed at step 703. This
channel allocation is performed within the maximum number
of tone generations depending on the mode m. Specifically, in
the normal mode, since four tones can be concurrently gener-
ated at most, if there is a vacant channel in the first to fourth
channels, each tone generation is allocated to that vacant chan-
nel. On the other hand, if all the four channels are used for
tone generation, the tone generation is ceased in the oldest
channel where the tone generation is started from the oldest

time point, and another tone generation is newly allocated to

e 111
structs
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67 “mode, the external input signal is not recorded substantially. The
external input signal is taken by the DR(6) routine, but the taken-in
waveformdata is used for the scratch reproduc- tion. Thus, the witing of
the data into the flash menory 103 is not performed. Further, since the
timer interruption is set effective durdsng the initialization at step 301,
the RC take-in

that channel. In the filter mode or the scratch mode, since two
tones can be concurrently generated at most, each tone gen-
eration is allocated to the first or second channel in a similar
fashion. A number of the allocated channel is set in the reg-
ister i. Subsequently, at step 704, various data for perforrhing
the tone generation including a head address ADi of waveform
data to be reproduced are set in the sound source register ich
of the i-th channel. The note-on command is further set and
the process is finished.

Fig. 8 shows a flowchart of the pad on-event routine which
is called upon detection of. the on-event of the pads 107 at step
302 in Fig. 3 when the mode m is set in the pitch mode (m = 3).
In the pad on-event routine, first at step 801, a pad number
of the pad 107 where the on-event occurs is set in the register
PN. Then, the tone generation channel allocation is performed
at step 802. In the pitch mode, since two tones can be concur-
rently generated at most, the channel allocation is performed
within the maximum tone generation number 2. Then, at step
803, the pad number PN is converted into a corresponding F
number which is set in the register FNi. Subsequently, at step
804, various data including a start address of reading waveform
data to be reproduced and F number FNi are set for ach.iev—
ing the reproduction of the musical tone with a pitch shift in

the sound source register ich of the i-th channel. The note-on



£out' ne RC(6) of Fig. 10 is executed per a given timng based on the tiner

i nterruption by the tiner 105.

oper at ed,

[err]

external i
t he DR(6)

Fs,

the Ii

END in RC(6) of Fig.
nput signal to the sound systgg 114 is continued. Further,
routine is executed based on the interruption per sanpling clock

nput 51 gnal - SOLHRFRAH (REDCT A6t BD6) BRRPAIET Fhe BRasssins Sipbed.

alternately via the input FIFO When t he operajion, of the rikbon
control | er” 10dn thisipreessss one pad: HYY is depressed ke designate jandesiged wi t h
the ribbon con- troller 106, the routine proceeds through steps 1001
1002 [err] 100Mayeiorim;and toceacarrentlyrspecify apcamesponidingrt miorm-

ber, which is set to the sound source register ch to determine
a pitch applied to the reproduced tone.

Fig. 9 is a flowchart of the RC retrieval routine RC(m) for
taking in the detection value of the ribbon controller 106 When
the mode m is set in the filter mode or the EX filter mode
(m = 2 or 5). This is a process of taking in the detection value
for performing the filter control by the ribbon controller 106.
Fig. 10 is a flowchart of the RC retrieval routine RC(m) for
taking in the detection value of the ribbon controller 106 when

the mode m is set in the scratch mode or the EX scratch mode

(m = 4 or 6). This is a process of taking in the detection value
for performing the scratch control by the ribbon controller 106.
The timer 105 is started during the initialization at step 301
in Fig. 3. The CPU 101 executes the timer interruption at a
given time interval. The RC retrieval routine RC(m) of Fig. 9
is executed when the mode m is sef to 2 or 5 by the timer
interruption. On the other hand, the other RC retrieval routine
RC(m) of Fig. 10 is executed when the mode m is set to 4 or
6 by the timer interruption.

The RC retrieval routine RC(m) (m = 2,5) of Fig. 9 is first
explained. First at step 901, the detection value of the rib-

Wil e the ribbon control'ler 106 is not
the process is finished through steps 1001 [err] 1002 [err] 1003
10 so that the process of directly feeding the

si nce

[err]



instructs the DVA controller 113 to stop the execution of the DR(6) routine
by interrupting the CPU 101 per sanpling clock Fs and sets the scratch

regi on SR in the recording buffer SRBk :

68 ‘which is one of the two recording buffers SRBO and SRB1 not currently
subjected to the witing, as described ywth reference to Fig. 2(e). Next,
the predeterm ned val ue of the scratch

bon controller 106 is set in the register TMP. Subsequently, at
step 902, it is determined whether a succeeding detection value
changes as compared to a preceding detection value retrieved
at the last timer interruption. If there is no change, the process
is finished. If there is a change, the detection value TMP is set
in the register RD at step 903 and the process is finished. As"
a result, the detection value of the ribbon controller 106 is set
in the register RD. If a finger or the like is removed from the
ribbon controller 106, the detection value TMP and RD may
be returned to a default value, or the value immediately before
the removal of the finger or the like may be held.

The RC retrieval routine RC(m) (m = 4,6) of Fig. 10 will
be explained. Fig. 10 is a flowchart for explaining both of the
RC retrieval routine RC(4) which is called when the operation
mode is set to the scratch mode (m = 4), and the RC retrieval
routine RC(6) which is called when the operation mode is set
to the EX scratch mode (m = 6). Since steps 1006, 1009, 1015
and 1016 represent processes only for the RC(6), the operation
procedure of the RC(4) will be first explained and then the op-
eration procedure of the RC(6) will be explained hereinbelow.

In the ribbon controller detection value retrieval routine
RC(4), first at step 1001, the detection value of the ribbon
controller 106 is set in the register TMP. Then at step 1002,

it is determined whether the ribbon controller 106 is operated.



poifter SPis set as the initial reading address SAD at step 1007. Further,
at step 1008, 128 sanples to be reproduced first are generated for the
reproducing buffer PBr, and the CPU in- structs the DVA controller 113 to
restart the execution of the DR routine by interrupting the CPU per
sanmpling clock Fs. Further, the interr@®&ion of the sane significance as
the inter- ruption caused at step 1605 of the DP routine in Fig. 16 is

generated. By _t hi t , d
dor at ched noxillee aibjorecatiollar 4GB CREPRFE A, CanaIRaER A< B '@f i the

CPU 101, the d| rect connectlon fromthe, A/ D | put of the soun 112 to
the D/ A out puindicadive of acoosdinake pesHion ‘6 %'%@J EEap é’rsi?
directly fromthe external source 111 to the sound s stem 114. Further
if the finger like ishtotchedpovkHeilia zibleongcomtnodlesnl O tontmets abden

controller 106, the routine proceeds fromstep
fault value when the finger, the rod or the like is not in touch

so that the non-touch (the non-operation) can be recognized.

- When the ribbon controller 106 is not operated, the routine
proceeds to step 1003. When the ribbon controller 106 is op-
erated, the routine proceeds to step 1004.

At step 1003, it is determined whether the status register RS
of touch action is 0 or not. If the register RS is 0, this means
that the ribbon controller 106 is not opera,ted both in the last
interruption and in the current interruption. Thus, the process
is finished. If RS is not 0 at step 1003, this means that the
ribbon controller 106 has been operated in the last interruption
while the ribbon controller 106 is not operated (the finger,
the rod or the like is removed) in the current interruption.
Thus, the register RS is cleared to 0 at step 1013, the note-
off command is written in the sound source register sch of the
scratch channel ét step 1014, and the process is finished.

At step 1004, it is deterinined whether the register RS is 1
or not. If the register RS is not 1, this means thé,t the ribbon
controller 106 has not been operated in the last interruption
while the ribbon controller 106 is operated in the current in-

terruption. Thus, the register RS is set to 1 at step 1005 and



1004 to step 1011 so that the velocity VEL is detected and set in the sound
source register sch. On the other hand, in the DP routine which is executed
basqd on the interruption per sam pling clock Fs, the reproducing buffers
PBO and PB1 are al- ternately accessed successively. Accordingly, the
reproduction of the scratch tone is sta39ed based on the sound source
regis- 69

the velocity VEL is set to 0. Then at step 1007, a reading
address SAD is set to a predetermined value of the scratch
pointer SP. Next, at step 1008, various data for the scratch re-
production including a reading address of waveform data to be
scratch-reproduced and a velocity value VEL are set, and the
note-on command is written in the sound source register sch
‘of the scratch channel. Subsequently, at step 1010, the current
detection value. TMP of the ribbon controller 106 is set in the
register OLD, and the process is finished.

If the check result is YES at step 1004, this means that
RS =1 in the last interruption and also RS = 1 in the current
interruption (the operation of the ribbon controller 106 is con-
tinued). Thus, the velocity of the touch action on the ribbon
controller 106 is detected and set in the register VEL at step
1011. The velocity VEL is derived through differential com-
putation by subtracting the detection value OLD in the last
interruption from the current detection value TMP. Thus, it
is possible that the velocity VEL takes a néga,tive value. Fur-
ther, the velocity VEL is set in the sound source register sch
of the scratch channel. Then, at step 1012, the cufrent detec-
tion value TMP is éet in the register OLD, and the process is
finished. |

Explanation has been made to the RC retrieval or take-

in routine RC(4) when the mode is set to the scratch mode



cter“sch fromthe tinme point where the operation of the ribbon controller
106 is comrenced. In particular, in the waveform generating routine HS(6)

of Fig. 12(c) which is triggered by the interruption at step 1605 of the DP
foutine, since RS =11is held while the operation of the ribbon controller
106 is per- formed, the routine proceedé0fromstep 1221 to step 1222 so
that the EX scratch process of Fig. 14 is executed. In the EX scratch

L e S e s e
buf fer PBr. AlS Isetigho ifﬂleiﬁxzﬁ@'&tﬁgtm e o ﬁlf‘é)ta:in%fr?sfgh Eg%@é{ﬁ%‘iﬁgu?;ng
performed at step 1406, since all 0 sanples are set in PBr, the waveform
sampl es TMWP t after stemtl05] step 1009 is added after step 1008, and steps
1015 and 1016 are added after step 1014. Further, processes
at steps 1008 and 1014 are somewhat different. Hereinbelow,
explanation will be made therefor. At the time of starting
the operation of the ribbon controller 106, the routine pro-
ceeds from step 1004 to step 1006 via step 1005. At step 1006,
the CPU 101 instructs the DMA controller 113 to stop the
execution of the RD(6) routine by interrupting the CPU 101
per sampling clock F's, and the scratch region SR is set in the
recording buffer SRBk which is one of the two recording buffers
SRBO0 and SRB1 currently not used, as explained with refer-
ence to Fig. 2(e). Then, the routine proceeds to step 1008 via
step 1007. At step 1008, va.rioﬁs data for the scratch repro-
duction including a reading address SAD of waveform data to
be scratch-reproduced and velocity value VEL are set and the
note-on command is written in the sound source register sch
of the scratch channel. Further, at step 1008, the following
process is also performed before the foregoing process. Specif-
iéaﬂy,- first, 128 samples of one waveform are provided in the
reproducing buffer PBr. In this process, after clearing the re-

producing buffer PBr to 0, the later-described EX scratch pro-

cess of Fig. 14 may be performed relative to the reproducing



:subétantially set in PBr. In the foregoing arrangenent, the scratch
reproduction using the waveformdata inputted fromthe external source is
achi.eved. Figs. 18(a) and 18(b) show exanpl es of conversion fromthe
velocity VEL to the scratch F number SFN performed at step 1401 in Fig. 14.
Thi s conversion may be achieved throughatal - culation or by nmeans of &
table. Fig. 18(a) shows an exanple wherein a varlatlon of the F nunber SFN

';IQELTEIZE; E‘Z niffers It {(40BT dscnser inatead (0P BE JLUBIG., k) adheriner,
the CPU 101 instructs the DMA controller 113 to restart the
execution of the DP routine by interrupting the CPU 101 per
sampling clock Fs. Further, an interruption of the same sig-
nificance as a later-described interruption caused at step 1605
of the DP routine in Fig. 16 is generatedl. Through this in-
terruption, the HS(6) is executed so that next 128 samples to
be scratch-reproduced are provided in the PBF. Thereafter, at
step 1009, under the command from the CPU 101, the direct
connection from the A /D input to the D/A output of the sound
I/0O 112 is disabled so as to stbp the sound emission of feeding
the musical tone signal from the external source 111 directly
to the sound éystem 114.

At the time of stopping the operafion of the ribbon con-
troller 106, the routine proceeds from step 1002 to step 1014
via steps 1003 and 1013. At step 1014, the note-off event is
written in the sound source register sch of the scratch channel,
and then the following process is also performed. Specifically,
the CPU 101 instructs the DMA controller 113 to stop the
execution of the DP routine of interrupting the CPU 101 per
sampling clock Fs. On the other hand, at step 1015, under
the command of the CPU 101, the direct connection from the
A /D input to the D/A output of the sound I/O 112 is restored

so as to achieve the sound emission by feeding the musical



.70 *even when the length of the ribbon controller 106 is snall. Since the
precise pitch control is not required in the repro- duction of the scratch,
the nunber of bits at a decimal portion of the scratch address SAD may be
+educed if necessary. Specif- ically, the nunber of bits at a decinal
portion of the address SAD derived at stZp 1403 in Fig. 14 may be reduced.
This can reduce the cal cul ati on amobunt of interpolation perforned at step

L i o

cal cul ati on. aspstemoll4. At step 1016, the (gﬁl?efdleixslggr&c%sr dg L‘131\}1‘%
controller 113 to restart the execution of the DP(6) routine by
interrupting the CPU 101 per sampling clock Fs.

Figs. 11(a) to 11(c) and Figs. 12(a) to 12(c) are flowcharts of
the waveform generation routine HS(m) executed by the CPU
101 for providing sequential sample values of the waveform to
the reproducing buffer under the respective modes m. The
waveform generation routine HS(m) is executed by the CPU
101 in response to a later-described .interruption demand at
step 1605 of the DP routine in Fig. 16. Specifically, in the DP
routine, one sample value of the waveform held in the repro-
ducing buffer PBr is transferred to the sound I/O 112 each
sampling clock Fs so as to perform the reproduction of the
musical tone. When the set of 128 sample values in the repro-
ducing buffer PBr are all reproduced, the DP routine inverts
k so as to cause an interruption. Upon this interruption as a
trigger, the CPU 101 executes the waveform generation routine
HS(m) depending on the mode m, and newly produces another
set of 128 sample values corresponding to one frame of the re-
producing buffer PBT which has just ﬁnishéd the reproduction
and rendered vacant.

Fig. 11(a) is a flowchart of thé waveform generation routine

HS(0) for generating the waveform sample values on the repro-



.the*interpol ation. Further, in the foregoing EX scratch node, the

waveformdata fed fromthe external
recordi ng buffers SRBO and SRB1, and the scratch region is set in the

source is stored alternately into the

recording buffer which is not subjected to witing at the tinme of starting
t he operation of the ribbon controller.430n the other hand, it may be
arranged that no less than three recording buffers are provided in which

t he waveform
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subj ected to
controller.
plurality of

recording buffers, the scratch regll)on i
finished. This subroutine will be described later with reference

to Fig. 13(a).

Fig. 11(b) is a flowchart of the waveform generation routine
HS(2) for generating the waveform sample values on the repro-
ducing buffer under the filter mode. In HS(2), a subroutine
“normal 2” is called at step 1111, and a filter coefficient (cut-
off frequency) is produced according to the detection value RD
of the ribbon controller 106 at step 1112. Then at step 1113,
the filter process (low-pass filter process) is performed, and
the process is finished. The “norrﬁal 2” at step 1111 will be
described later with reference to Fig. 13(a).

Fig. 11(c) is a flowchart of the waveform generation routine
HS(3) for generating the waveform sample values on the repro-
ducing buffer under the pitch mode. In HS(3), a subroutine
“pitéh 2” is called at step 1121, and the process is finished. The
“pitch 2” will be described later with reference to Fig. 13(b).

Fig. 12(a) is a flowchart of the waveform generation rou-
tine HS(4) for generating the waveform sample values on the
reproducing bﬁffer under the scratch mode. In HS(4), the sub-
routine of the “normal 2” is called at step 1201, then a scratch
process subroutine is called at step 1202, and the process is

finished. The “normal 2” will be described later with reference

h



.71 “capacity sufficient for the scratch can be ensured. Further, since the
capacity of each of the recording buffers can be set small, the data anopunt
on the recording buffers which are sub- jected to witing at the tine of
starting the operation of the ribbon controller is decreased. Thus, the
data not used for the scratch can be reggiced. Stated otherw se, discarded
portion of the data can be saved. In Fig. 17(a), the head tim ngs of the

pad- on detection_sec- . . .
to Fig. 13(a). The scratch process subroutine will be described

later with reference to Fig. 14.

Fig. 12(b) is a flowchart of the waveform generation rou-
tine HS(5) for generating the waveform sample values on the
reproducing buffer under the EX filter mode. When HS(5) is
called, the set of 128 samples (linear samples) of the waveform
data fed from the external input 111 are written in the record-
ing buffer RBk, while the reproducing buffer PBT is vacant.
Accordingly, in HS(5), first at step 1211, a filter coeflicient is
produced according to the detection value RD of the ribbon
controller 106, and an EX filter process is performed at step
1212. This EX filter process is called for applying the filter-
ing process using the filter coefficient derived at step 1211 to
the set of 128 waveform samples held in the recording buffer
RBk, and for setting the resultant 128 waveform samples in
the reproducing buffer PBT. After step 1212, the process is
finished.

Fig. 12(c) is a flowchart of the waveform generation routine
HS(6) for generating the waveform samples in the reproducing .
buffer under the EX scratch mode. In HS(6), step 1221 de-
termines whether the register RS is 1 or not. If the register
RS is not 1, this means that the ribbon controller 106 is not
operated. Thus, the- process is finished. If the register RS is
1 at step 1221, this means that the ribbon controller 106 is



.tioh, .the section of the waveform generation by the CPU and the execution
section of the DP routine of DMAC are shown to coincide with each other.
However, this is not necessarily required, and the respective sections may
‘be offset fromeach other. This also applies to the timngs upon recording
shown in Fig. 17(b). Further, in Fig. 14%a), the CPU perfornms the waveform
generation at the tine point where the reproduc- tion of the sanples in one

of the reproducing byffers is finished jn the DP routine. On,the pther
hand,dit may SPeiatedge h‘#ﬁata’m@ﬁ@ﬁﬁ% cribfpr,ogﬁﬁ r’rﬁrﬁeggﬁﬁ‘%% qq‘.oisl?ep
reproduced is de- tected in the reproduci ng_huf . When t he detect.ed
nunber becomed 222, rand theapracegsvisniinighead. égﬁpﬂcé' ghé)rgmssew ed in

vacant portions. Accordingly, by adjusting timngs of reproduction and
%gnleggtsl ?Ra(r)]f tbﬁiragg’.seﬁbeﬂhhtenmmm méfarlegcedm bdgcildg buffers may be one or

Fig. 13(a) shows a flowchart of the normal n. The normal 4
is called at the foregoing step 1101, while the normal 2 is called
at the foregoing steps 1111 and 1201. First at step 1301, a work
register i for counting the channels is set to 1, a work register j
for counting the samples is set to 0, and all the sample region
of the reproducing buffer PBF which is not currently subjected
to the DP routine are cleared to 0. Then at step 1302, it is
determined whether the note-on is written in the sound source
register ich of the i-th channel. If the note-on is not written,
it is not necessary to perfofm the waveform generation of the
i-th channel. Thus, the routine proceeds to step 1308. If the
i-th channel is subjectéd to the note-on event at step 1302, the
routine proceeds to step 1303.

At step 1303, the reading address ADi of the i-th channel
(ADi is set in the sound source register ich of the i-th chan-
nel) is incremented. At step 1304, the waveform sample is
read out from the address ADi via the i-th .cha.nnel, and the -
read waveform sample is ADPCM-expanded to derive a linear
waveform sample which is then set in the work register TMP.

Subsequently, at step 1305, the value of the register TMP is

accumulated (channel accumulation) in the reproducing buffer



_Fig” 19 shows an additional enbodi ment of the inventive

72 nusical tone generating apparatus. This enbodi nent has ba- sically the
sanme construction as the first enbodi nent shown in Fig. 1. The sane
conponéents are denoted by the same references as those of the first

enbodi nent to facilitate bet- 46

PBi(j) as represented by PBr(j) + TMP—-)PBf(j).

Then at step 1306, it is determined whether the count of the
register j reaches 127. If the register j does not reach 127, the
register j is incremented at step 1307 and the routine returns
to step 1303 so as to repeat reading of the next waveform sam-
ple, the expansion and the accumulation. If the count of the
register j becomes 127 at step 1306, meaning that the accumu-
lation or summing-up of the 128 samples of the i-th channel
is finished in the region assigned to the 128 samples of the
reproducing buffer PBT, the routine proceeds to step 1308.

At step 1308, it is determined whether the register i reaches
n. If the register i does not reach n, the register i is incremented

“and the register j is cleared to O at step 1309 for commencing |
the waveform processing of the next channel. Then, the routine
returns to step 1302 to repeat the processes relative to the i-th
channel. If the register i reaches n at step 1308, meaning that
the summing-up computation in the last channel is finished
and 128 samples are produced in the reproducing buffer PBF,
the process is finished.

Fig. 13(b) is .a, flowchart of the “pitch 2” subroutine which
is called at step 1121 in Fig. 11(c). At step 1311, the Wofk reg-
ister i for counting the channels is set to 1, the work register j
for counting the samples is set to 0, and all the sample regions

of the reproducing buffer PBT which is not currently subjected



_ter*understanding of the additional enbodi nent. The storage such as
102, RAM 104 and a hard di sk (not shown) can store various data such as

wavef orm data and various pro- grans including the system control

ROM

‘or basic program the waveformreading or generating programand other
appli- cation programs. Normally, the 430M 102 provisionally stores
progranms. However, if not, any program may be | oaded into the appara

The | oaded pr
operate the i
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t hese
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program

By

such a man- ner, new or versjon-up prograns C be readily installed in the
system For tdﬁﬁelﬂm%%é’,‘fﬁﬁah%ﬁﬁﬁéqu@aﬁadﬁewgéﬁﬁ téhall]e§ UGB REGRF
(Conpact Disc Read Onli}l/ Menory) 151 is utilized to install the program The

CD- ROM 151 i sregistent

sofcthe i-th channel. If the note-on is not written,
it is not necessary to perform the pitch-shifted waveform gen-
eration of the i-th channel. Thus, the routine proceeds to stép
1319. If the i-th channel is subjected to the note-on event at
step 1312, the routine proceeds to step 1313.

At step 1313, the waveform sample reading address ADi is
added with the F number FNi so as to set a new address ADi.
ADi and FNi are set in the sound source register ich of the i-th
channel. Then, at step 1314, the waveform sample is read out
from the address ADi via the i-th channel, and is ADPCM-
expanded to derive the linear waveform sample which is then
set in the work register TMP. Since the read waveform data is
ADPCM-compressed, if an integer portion of the address ADi
advances by no less than 2 as the result of the addition of the
F number, all the samples from the last reading address to the
current reading address ADi are read out and used for the lin-
ear expansion. Subsequently, at step 1315, the interpolation
among the read samples is performed depending on a decimal
portion 6f the address ADi, and the interpolated waveform
sample is set in the register TMP. Then, at step 1316, the de-
rived waveform sample TMP is accumulated in the j-th sample

region PBT(j) of the reproducing buffer.



ROMdrive 152 to read out and downl oad the program fromthe CD-ROM 151 into
t he RAM 104 t hrough the bus 115. The nmachi ne-readabl e nedi a nay be conposed

of a magnetic disk or an optical disk other than the CD- ROM 151. A
communi'cation interface 153 is connected to an exter- nal server conputer
154 t hrough a comruni cati on network 48 73

Then, at step 1317, it is determined whether the register
j reaches 127. If not, the register j is incremented at step
1318 and the routine returns to step 1313 so as to perform
the processes relative to the next sample. If the register' j
reaches 127 at step 1317, meaning that the process for the i-th
channel is finished, step 1319 determines whether the register
i reaches 2. If the register i does not reach 2, the register i
is incremented and the register j is cleared to 0 at step 1320,
and then the routine returns to step 1312 so as to perform
the processes relative to the next channel. If the value of the
register i reaches 2 at step 1319, the process is finished.

Fig. 14 is a flowchart of the scratch process Whicil is called
at step 1202 in Fig. 12(a) and the EX scratch process which
is called at step 1222 in Fig. 12(c). First at step 1401, the
detected touch action velocity VEL (VEL is provided in the
sound source register sch of the scratch channel) of the rib-
bon controller 106 is converted into a variable F number SFN
for the scratch operation. Since the F number SFN is deter-
mined depending on the velocity VEL which may take either
of a positive value and a negative value, the F number SFN
also changes in the positive and negative directions. Next, the
register j is cleared to 0 at step 1402, and the routine proceeds
to step 1403.

At step 1403, the scratch F number SFN is added to the



.155%such as LAN (Local Area Network), public telephone net- work and

| NTERNET. |f the internal storage does not reserve needed data or program
the conmmunication interface 153 is activated to receive the data or program
:fromthe server com puter 154. The CPU 101 transmits a request to the
server conputer 154 through the interfagge 153 and the network 155. In
response to the request, the server conputer 154 transmts the requested

data or programto_.the gppar S. rans, mitted data or ogramis

st o_redI in t heseralichysea 11%81&%3?3%%“:&"@{%1%5 1Ba %SOM%rﬁguF%‘%/ent i ve
nusi cal tone generating apparatus cak be inplenented b sonal conputer
whi ch is inst aegmcuew‘aogl oficthe sepat duchaane pr@ﬁtﬁ? fﬁ%ﬁgﬁea‘”@é@é, rr}[)he

data and progranms are provided to the user by nmeans of_the machi ne:

readabl e nmedi fosmchansplehis cEadk@utl $tomy thef addpsssdBAdD, mrd 1s set in
the register TMP. In the scratch process called at step 1202
in Fig. 12(a), the read waveform data is ADPCM-expanded
and developed in a given region in advance, and the scratch
region SR is set in the given region where the waveform data
is developed (steps 604 and 605 in Fig. 6). On the other hand,
in the EX scratch process called at step 1222 in Fig. 12(c),
the waveform data composed of a sequence of linear samples
are inputted from the external source 111 and are written al-
ternately into the recording buffers SRBO and SRB1, and the
scratch region SR is set in either of the recording buffers SRB0
and SRB1 which is not subjected to writing of the waveform
data at the time of starting of the operation of the ribbon
controller 106 (step 1007 in Fig. 10). In either case, only the
number of samples as required for the interpolation is read out
at step 1404.

Next, at step 1405, the interpolation among the read sam-
ples is performed depeﬁding ona decimél portion of the address
SAD, and the interpolated waveform sample is set in the regié—
ter TMP. Then at step 1406, the waveform sample TMP is ac-
cumulated in the j-th sample region PB%(j) of the reproducing
buffer PBT to produce the absolute sample value represented



_machi ne-readabl e nedia contains instructions for causing the personal
computer to performthe inventive nusical tone gen- erating nmethod as
desgribed in conjunction with the previous enbodi nents. O herw se, the
-personal conputer may receive the data and prograns through the

comuni cation network 155. As descridkd above, according to the present

I nvention, al- though the nunmber of nusical tones concurrently generated by

the software B(})ruﬁ%fsg-uf[ﬁ\‘;ﬂﬂs l\feexq;lfca?tdStéI;] G4 ,iﬁni%l d8P8%ined whether
the register j reaches 127. If the register j does not reach 127,

the register j is incremented at step 1408 and the routine re-
turns to step 1403 so as to perform the processes relative to
the next sample. If the register j reaches 127 at step 1407, the
process is finished.

Fig. 15 is a flowchart of the DR(m) routine executed by
the DMA- controller 113 per sampling clock Fs generated by
the Fs clock generator 110. The recording is performed when
mode m = 1, 5 or 6. First at step 1501, the waveform sample
is transferred from the input FIFO of the sound I/O 112 to
the sample region PBk(RP) of the recording buffer PBk desig-
nated by the recording pointer RP. The original musical tone
signal inputted into the A/D input terminal from the external
source 111 is A/D converted and loaded into the input FIFO.
When the mode m is the sampling mode (m = 1), the lin-
ear waveform sample A/D converted by the A/D converter is
ADPCM-compressed using the ADPCM compression function
of the sound I/O 112, and the compressed waveform sample
is _tra.nsfen"ed to the recording buffef RBk(RP) via the input
FIFO. On the other hand, Wheﬁ the mode m is the EX filter
mode (m = 5) or the EX scratch mode (m = 6), the linear
waveform sample which is A/D converted and is not subjected

to the ADPCM compression is transferred to the recording



74 s'fe.r performng the digital tone quality filter process, the pitch

gi ving process or the scratch effect giving process is provided. Thus,
functi on which has not been achi eved by the conven- tional
-source’ can be realized so that the nusical

t he

sof tware sound
tone generation which neets

various purposes of the user can be aclBkeved. Further, according to the
I nvention, in the tone generat- I ng apparatus for reading the digital

ol enent 15 BRSArOR RGO R EREIRBRTIRIER, TWAGH .2 (e thO TeRBHE

formdata is

di,f
det er mi ned de%%%ﬁebﬁm@?’&f%glnsﬁaulew Inﬂlg%%rcg%' 1ngv)f+)1uﬁh are

RBEk(RP).

Subsequently, the recording pointer RP is incremented at
step 1502. Step 1503 determines whether the recording buffer
RBk (When m = 6, SRBk, which is also applied hereinafter) is
filled up. If not filled up, the process is finished. If the record-
ing buffer RBk is filled up, k is inverted (if 0, then converted
to 1 and, if 1, then converted to 0) at step 1504. The inter-
ruption is generated at étep 1505, and the process is finished.
This interruption is caused for requesting the CPU 101 to per-
form a process of writing the set of the waveform samples of
the filled-up recording buffer (RBk at this time point) into the
flash memory 103 so as to render the recording bﬁffer vacant.

Fig. 16 is a flowchart of the DP routine executed by the
DMA controller 113 per sampling clock Fs generated by the
Fs clock generator 110. First at step 1601, the waveform sam-
ple PBr(PP) indicated by the reproducing pointer PP on the
reproducing buffer PBr is transferred to the output FIFO of
the sound I/O 112. As explained with reference to Fig. 1, the
Wa§eform sample stored in the output FIFO is D/A converted,
and is then sent to the sound system 114 so as to sound the
musical tone. Next, the reproducing pointer PP is incremented

at step 1602. Step 1603 determines whether the last one of the



By such a nanner, the inventive di gital nusic apparatus can create the
natural scratch effect which has been obtained only by the conventi onal
anal og nusic apparatus, in response to the user's touch action. Further,
the waveformdata is read out. froma predeternined top address when the
touch action is initiated. Thus, the wad@f ormdata is always retrieved from
the predeterm ned top address wherever the user touches the scratch

det ecting i npl enen the sanme re cho ration is realized b
Che Cnvont i on sainpes of 1 tasmadieng, Dudier, BE B 895k o0- uhi ch Y

Cynchr on; zat fon 4 o4l She RYERRIGHn: RRISE & Weh EePERAUCHRE ok et & Brom t he
detecting | erIai:e reproduced at step 1603, r is inverted (if 0, then converted
to 1 and, if 1, then converted to 0) and the other reproducing
buffer is selected to be read out next at step 1604. Then at step
1605, an interruption is generated for requesting next provision
of the waveform samples to the CPU 101, and the process is
finished. If, at step 1603, there remains the waveform sample
on the reproducing buffer PBr which is not reproduced yet, the
process is once finished. |

Next, description is given on what timings the foregoing
flowcharts are executed in the respective mode. First, the op-
eration in the normal mode (m = 0) will be explained. When
the normal mode is designated by the user using the mode
change-over switch, the register m is set to 0 in the forego-
ing mode SW event routine shown in Fig. 4. Since the normal
mode start process MS(O) does not perform any significant pro-
cess to be explained in particular, its flowchart is omitted. On
the other hand, when the operation of executing the DP rou-
tine per sampling clock F's is stopped by the EX scratch mode
or the like, MS(0) restarts its operation.

During the initialization at step 301 in Fig. 3 or in thé
restarting process of the reproducing operation by means of

the foregoing MS(0), the CPU 101 sets the sound source regis-



.75 "nment are differentially processed to detect a velocity of the touch
~action. Then, the variable F nunber is determ ned ac- cording to the touch
action. The F nunber is accumulated to the reading address for use in
-readi ng of the waveformdata. By such a nmanner, a variation range of the F
nunber can be expanded with a limted Isngth of the linear detecting im
E)Ihement, therebyhreal I Zi nﬁ w de scratch control. Additionally, according to
e invention, the scratch effect can_ be lied to a fresh wavef or m whi
is inputted fters of adktherchannelsda Fig. 2 g to the note-off state, clears whi ch

all the sample regions of the reproducing buffers PB0 and PB1
of Fig. 2(c) to 0, instructs the sound I/O 112 and the DMA
controller 113 to perform the reproducing operation, and then
starts the generation of the sampling clock Fs by the F's clock
generator 110. By this, the DMA controller 113 intgrrupts the
CPU 101 per sampling clock Fs from the Fs clock generator 110
a,nd executes the DP routine of Fig. 16 upon every interruption
so as to start the operation of reproducing the waveform data
in the reproducing buffer.

Now, a timing of process upon the reproduction will be ex-
plained. Fig. 17(a) shows a timing chart upon the reproduc-
tion. Each of sections S1 to S5 represents a frame for executing
the reproduction of a set of the 128 samples. In the figure,
“waveform generation by CPU” represents a section where the
CPU 101 executes the waveform generation routine HS(0) of
Fig. 11(a) so as to perform the process of generating 128 sam-
ples to be reproduced next in the reproducing buffer PB0 or
PB1. On the other hand, “DP routine of DMAC” represents
a section fof performing the procéss of executing the DP rou-
tine so as to reproduce the waveform data in the repro&ucing
buffer. The DP routine is executed per iﬁterruption depending
on the sampling clock F's, and the interruption takes place 128

times at a regular interval within one frame. Numerals 0 to 4



ﬁrear time basis. Thus, the user can scratch a desired section of the
repr oduced nusical tone during the live performance of the nusic.
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assigned to each of “waveform generation by CPU” and “DP
routine of DMAC” are numerals assigned for convenience for
indicating orders of the waveform generation and the repro-
duction.

In Fig. 17(a), first at section S1, the CPU 101 executes
HS(0) and generates or produces the waveform data (128 wave-
form samples) for the reproducing buffer PB0. At subsequent
section S2, the DMA controller 113 executes the DP routine
based on the interruption per sampling clock Fs. By this, the
128 waveform samples of the reproducing buffer PBO generated
at section S1 are transferred to the output FIFO of the sound
I/0 112 and reproduced in sequence at section S2. At the time
point where all the 128 waveform samples of the reproducing
buffer PB0O are transferred to the output FIFO of the sound
1/0 112 (at termination of section S2), the interruption takes
place (step 1605). Upon this interruption as a trigger, the CPU

© 101 executes the waveform generation routine HS(0) at section
S3 and generates new waveform data (128 waveform samples)
for the reproducing buffer PB0.

The foregoing explanation has been made only with respect
to the reproducing buﬁ'er- PB0. PB1 is also used alternately
with PB0. To sum up, the DP routine is executed based on the
interruption per sampling clock F's so as to perform the repro-

duction of the waveform samples of PB0 and PB1 alternately



_What i.s clained is:

program which is. executed to performreproduction of a nusical

by readi ng out

-storage means for storing a plurality of waveforns corresponding
di fferent nusical tones, each waveformdging stored in the form
sequence of anplitude value data arranged at a given sanpling

peri od;

with each other in such a manner: reproducing the waveform
samples of PB1 at section S1, reproducing the waveform sam-
ples of PBO at section S2, reproducing the waveform samples of
PB1 at section S3, reproducing the waveform samples of PBO
at section S4, and so on. HS(0) is executed based on the in-
terruption caused at the time point where the 128 samples are
reproduced at each section, and the next 128 samples are pro-
duced for one of PB0 or PB1 which is currently idling. In view
of the hierarchical structure of the software, the DP routine
belongs to level 1, while HS(0) belongs to level 2. Thus, if an
interruption is caused following sampling clock F's while HS(0)
is executed, the DP routine is executed with priority. By this,
the reproduction by means of the DP routine and the wave-
form generation by means of the Wavéform generation routine
HS(0) can be performed in parallel with each other.

If the pad is not depressed in the normal mode (m = 0), all

-0 samples in the reproducing buffer PB0, PB1 are repeatedly

reproduced at timings explained with reference to Fig. 17(a).
Because of the reproduction of all 0 samples, it is actually the
same as a case where no musical tone is generated. The pro-
cess will be explained wherein the pad is tapped in this state.
As shown by arrows of “pad” in Fig. 17(a), it is assumed that
the pad is set on at section S1. If the pad-on is detected in the

general routine, the note-on of the waveform data correspond—

A conputerized nusic apparatus installed with a

t one

a correspondi ng waveform the apparatus conpri sing:

to
of a



rdesfgnating means for designating at | east one of the stored
wavefornms to conmand reproduction of a correspondi ng one of the

nusi cal tones; swi t chi ng neans operable by a user for switching the
-reproduction of the nusical tone between a normal node and an
optional node; and reprodd€i ng neans allotted with relatively

hi gh performance under

ing to the set-on pad is written in the sound source register
of Fig. 2(a) through the on-event routine of Fig. 7. The gen-
eral routine or the on-event routine belongs to level 3 so as
to be operated in parallel to the waveform generation routine
HS(0) and the DP routine. The note-on written in the sound
source register is treated for the reproducing buffer in the next
execution of the HS(0).

Next, the operation in the sampling mode (m ='1) will be
explained. When the sampling mode is designated by the user
using the mode change-over switch, the register m is set to 1
in the foregoing mode SW event routine of Fig. 4. Further,
the sampling mode start process MS(1) is executed as shown
in Fig. 5. In MS(1), the DP routine is stopped and the sound
I/O 112 and the DMA controller 113 are instructed to per-
form the recording operation. By this, the DMA controller
113 interrupts the CPU 101 per sampling clock Fs fed from
the Fs clock generator 110 and executes the DR(1) routine of
Fig. 15 upon every interruption so as to start the operation of
recording the waveform sample from the external source into
the recording buffer. |

Now, the timing of the process upon recording will be ex-
plained. Fig. 17(b) shows a timing chart upon recording. Each
of sections S1 to S5 represents a frame for executing the record-

ing of a set of 128 samples. In the figure, “DR routine of



_ the"nor nal

node for concurrently reading out a nunber of the

desi gnat ed waveforns fromthe storage neans according to the prbgran1
so as to concurrently reproduce the nunber of the correspondi ng
-musi cal tones, otherw se the reproduci ng nmeans being allotted with

relatively | ow performance under the om7onal

nunber of the nusical tones concurrently

DMAC?” represents a section for performing a recording pro-
cess of executing the DR(1) routine so as to write the waveform
samples of the input FIFO of the sound I/O 112 into the record-
ing buffer. The waveform sample is obtained by A/D convert-
ing the external input signal and is ADPCM-compressed. The
DR(1) routine is executed based on the interruption per sam-
pling clock F's, and this interruption is generated 128 times at
a regular interval within on fra,mé. In the figure, “writing into
flash memory by_CPU’.’ represents a section for performing a
process where the CPU 101 writes the waveform samples of
the recording buffer RB0O or RB1 into the flash memory 103 so
as to render the recording buffer vacant at step 509 in Fig. 5.
Numerals 0 to 4 assigned to each section are numerals assigned
for convenience for indicating orders of the recording and the
writing into the flash memory. |

In Fig. 17(b), first at section S1, the interruption is caused
per sampling clock Fs and the DMA controller 113 executes the
DR(1) routine upon every interruption. By this, the waveform
samples of the input FIFO of the sound I/O 112 are written
into the recording buffer RBO in sequence. At the time point
where the 128 waveform samples are written into Ithe recording
buffer RBO at termination of section S1, an interruption takes
place (step 1505). Upon this interruption as a trigger, the CPU

101 writes the waveform samples of the recording buffer RB0

node such that the



777 reproduced under the optional node is reduced as conpared to that
under the normal node while the reproducing neans is allotted with

addi_ti onal performance under the optional node for digitally

-processing the designated waveformto inpart a specific sound
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into the flash memory 103 at section S2 (step 509) so as to
render the recording buffer RBO vacant.

The foregoing explanation has been made only with respect
to the recording buffer RB0. RB1 is also used alternately with
RB0O. To sum up, the DR(1) routine is executed based on
the interruption per sampling clock Fs so as to perform the
recording or writing of the waveform samples into RBO and
RB1 alternately with each other according to the sampling
clock Fs in such a manner: recording the waveform samples
into RBO at section S1, recording the waveform samples into
RB1 at section S2, recording the waveform sanﬁples into RBO
aﬁ section S3, and so on. Based on the interruption cauéed at
the time point where 128 samples are recorded in each section,
the waveform samples of the recording buffer which completes
the recording are written into the flash memory 103. In view
of the hierarchical structure of the software, the DR(1) routine
belongs to level 1, while MS(1) belongs to level 3. Thus, if an
interruption is caused following sampling clock Fs while MS(1)
is executed, the DR(1) routine is executed with priority. By

| this, the recording by means of the DR(1) routine and the
writing into the ﬁaéh memory 103 by means of MS(1) can be
performed in parallel with each other.

Next, the operation in the filter mode (m = 2) will be ex-

plained. When the filter mode is designated by the user us-



efféct to the reproduced nusical tone according to the program 2.
(Amended) A conputerized nusic apparatus according to claim 1,

wherein the switching neans conprises neans sw tchabl e bet ween t he
-normal” node and a filter optional node such that the repr oduci ng
nmeans operates under the filter optiona9node for digitally

processi ng the designated waveformby filtering to inpart
ing the mode change-over switch, the register m is set to 2 in

the foregoing mode SW event routine shown in Fig. 4. Since
the filter mode start process MS(2) does not perform any sig-
nificant process to be explained in particular, its flowchart is
omitted. On the other hand, when the operation of execut-
ing the DP routine per sampling clock Fs is stopped by the
EX scratch mode or the like, MS(2) restarts its reproducing
operation likewise the normal mode start process MS(0).

The filter mode performs the reproduction in a manner es-
sentially the same as that of the normal mode. The DP routine
is executed per sampling élock F's and all 0 samples in the re-
producing buffer PB0, PB1 are repeatedly reproduced while
the pad-on is not achieved, which are the same as in thg nor-
mal mode, and a processing procedure upon pad-on is also the
same. Further, the timing upon reproduction is also the same
as in Fig. 17(a). However, in the filter mode, the RC take-in
routine RC(2) of Fig. 9 is executed each given timing based
on the timer interruption so as to take in the detection value
of the ribbon controller 106, and HS(2) of Fig. 11(b) is set,
instead of HS(0), as the waveform generation process of the
CPU 101 in Fig: 17(a). In the waveform generating routine
HS(2), the waveform samples of at most two tones based on
the pad-on are accumulated in the reproducing buffer, and the

filter process is performed with the filter coefficient depending



. the*specific sound effect. 3. (Anmended) A conputerized nusic apparatus

according to claiml1, wherein the switching neans conpri ses neans
sw t chabl e between the normal node and a pitch optional nobde such
-that the ~ reproducing nmeans operates under the pitch optional node
for digitally processing the desé@nated wavef orm by changi ng readi ng

speed of the designated waveformto inpart the specific sound
on the detection value RD of the ribbon controller 106 relative

to the waveform samples of the reproducing buffer (steps 1112
and 1113). In the foregoing fashion, the filter control of the
reproduced tone by the ribbon controller 106 is performed.

In the filter mode, the number of tone genera_,tions is reduced
from four of the normal mode to two. In place of the reduction
in number of the generated musical tones, the filter process is
applied to the reproduced waveform. Since a given number of
tone generations should be performed within a one-frame time,
although the four tones can be generated in the normal mode,
a'process time becomes insufficient when the filter proceSs is
applied to the generated tones. In this regard, the number of
tone generations is reduced to two so as to shorten the process
time for the waveform generation, while the additional filter
process is performed in a remaining time.

Next, the operation in the pitch mode .(m = 3) will be ex-
plained. When the pitch mode is designated by the user using
the mode change-over switch, the register m is set to 3 in the
foregoing mode SW event routine shown in Fig. 4. Since the
pitch mode start process MS(3) does not perform é.ny specific
process to be explained in particular, its flowchart is omitted.
On the other hand, when the operation of executing the DP
routine per sampling clock Fs is stopped by the EX scratch

mode or the like, MS(3) restarts its reproducing operation like-



_effect. ‘ _ 78 4. A conputerized
musi ¢ apparatus according to claim3, further
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wise the normal mode start process MS(0).

The pitch mode performs the tone reproduction in a manner
essentially the same as that of the normal mode. The DP
routine is executed per sampling clock F's and all 0 samples |
in the reproducing buffer PB0, PB1 are repeatedly reproduced
while the pad-on is not achieved, which are the same as in the
normal mode, and a processing procedure upon pad-on is also
the same. Further, the timing upon reproduction is also the
same as in Fig. 17(a). However, in the pitch mode, the pad-on
event routine of Fig. 8 is used instead of that of Fig. 7, and
the waveform generating routine of HS(3) of Fig. 11(c) is used
instead of that of HS(0) of Fig. 11(a). In the pad-on event
routine of Fig. 8, the F number FNi corresponding to the pad
number PN is generated. In the waveform generating routine
HS(3) of Fig. 11(c), the waveform sample is read out usiﬁg
the address which is the sum of the F number FNi and the
address ADi so as to change the reading speed. By this, the
reproduction with a desired pitch can be _a,ch.ieved.

In the pitch mode, the number of tone generations is re-
duced from four of ‘the normal mode to two. In place of the
reduction in number of the generated musical tones, the pitch
shift process is applied to the reproduced waveform. Since a
given number of tone generations should be performed within

a one-frame time, although four tones can be generated in the



,corrp'risi ng pitch specifying neans operable by the user for speci fyi ng

a pitch of a nusical tone to be reproduced so that the r epr oduci ng
means operates under the pitch optional node to inpart the pitch
-specified by the pitch specifying neans to the reproduced nmusi cal

t one 5. A conputerized nusic appar&®us according to claimd4, wherein
t he

normal mode, a procesé time becomes insufficient when the
pitch shift process is applied to the generated tones. In this
regard, the number of tone generations is reduced to two so as
to shorten a process time for the waveform generation, and the
pitch shift process is performed in a remaining time.

Next, the operation in the scratch mode (m = 4) will be
explained. When the scratch mode is designated by the user
using the mode change-over switch, the register m is set to
4 in the foregoing mode SW event routine shown in Fig. 4.
In the scratch mode start process MS(4), the waveform data
to be scratch-reproduced is developed in the given region and
the scratch region SR and the scratch pointer SP are set in
advance. Although not shown in Fig. 6, when the operation of
executing the DP routine per sampling clock F's is stopped by
the EX scratch mode or the like, MS(4) restarts its operation
likewise the normal mode start process MS(0).

In the scratch mode, the reproduction of the two tones
caused by the pad-on is performed in a procedure essentially
the same as that of the normal mode. The DP routine is
executed per sampling clock Fs and all 0 samples in the re-
producing buffer PBO0, PB1 are repeatedly reﬁroduced while
the pad-on is not achieved, which are the same as in the nor-
mal mode, and a processing procedure upon pad-on is also the

same. Further, the timing upon reproduction is also the same



i desfgnating means and the pitch specifying neans conprise a common
i npl ement manual |y operabl e by the user such that the conmon
i mpl ement is used as the designating nmeans for designating the
-wavef orm under the normal node while the comon i npl enent is used as
both of the designating neans for 63designating the waveform and the
pitch specifying neans for specifying the pitch of the nusical tone

correspond nga.tsomtﬁleg. 17(a). f—fgvivggg}ﬁ% YSER4L8h mode, the RC take-in
routine RC(4) of Fig. 10 is executed by the timer interruption
so as to take in the detection value of the ribbon controller
106. The note-on is written in the sound source register sch of
the scratch channel at the start of the operation. Further, the
velocity VEL of the ribbon controller 106 is detected and writ-
ten in the sound source register sch. The waveform generation
process of the CPU 101 is set to HS(4) of Fig. 12(a) instead of
HS(0). In the waveform generating routine HS(4), the genera-
tion of the waveform samples for the two tones caused by the
pad-on is performed by the normal 2 subroutine likewise the
normal mode. Further, using the scratch subroutine (Fig. 14),
the waveform sample in the scratch region SR is read out using
the address SAD derived by adding the F number SFN to the
address SAD. The read waveform sample is accumulated in the
reproducing buffer PBT. By this, the scratch reproduction us-
ing the designated waveform data can be achieved in addition
to the two tones caused by the pad-on.

In the scra,fch mode, the number of tone generations is re-
duced from four of the normal mode to two. In place of the
reduction in number of the generated musical toﬁes’,' the scratch
tones are generated. Since a given number of tone generations
should be performed within a one-frame time, although four

tones can be generated in the normal mode, a process time



_ 6. ‘(_Arrended) A conputerized nusic apparatus according to claim 1,
wherein the switching nmeans conpri ses neans sw t chabl e between

nor nal

-means operates under the scratch optional node for
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becomes insufficient when the scratch tones are additionally
generated. In this regard, the number of tone generations is
reduced to two so as to shorten a process time for the waveform
generation, and the scratch tones are generated by using the

remaining time.

Next, the operation in the EX filter mode (m = 5) will.

be explained. When the EX filter mode is designated by the
user using the mode change-over switch, the register m is set
to 5 in the foregoing mode SW event routine shown in Fig. 4.
Although a flowchart of the EX filter mode start process MS(5)
is omitted, MS(5) executes the starting process of the DR(5)

routine. Speciﬁcally, the CPU 101 instructs the sound 1/O

112 and the DMA controller 113 to interrupt the CPU 101 per
sampling clock Fs fed from the Fs clock generator 110 and to
execute the DR(5) routine of Fig. 15 upon every interruption so
as to start the writing operation of the waveform samples from
the external source into the recording buffer RBk. At this time,
the operation of interrupting the CPU 101 per sampling clock
Fs fed from the Fs clock generator 110 and of executing the
DP routine of Fig. 16 upon every interruptidn to reproduce the
waveform data in the reproducing buffer is not stopped. If the

operation of executing the DP routine per sampling clock F's

is stopped by the EX scratch mode or the like, MS(5) restarts

its operation likewise the normal mode start process MS(0).

t he

node and a scratch optional node such that the repr oduci ng
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) : digitally processing the designated waveformby irregularly
changi ng readi ng addresses of the designated waveformto inpart
speci fic sound effect.
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Specifically, DP and DR(5) are executed per sampling clock
Fs. In this case, since DP and DR(5) are operated following
the same sampling clock Fs, they operate synchronously so
that the interruption at step 1605 of the DP routine and the
interruption at step 1505 of the DR(5) routine take place at the
identical timing. Upon the interruptions caused at the same
timing as a trigger, the waveform generating routine HS(5) of
Fig. 12(b) is executed. In the EX filter mode, the external
input signal is not recorded substantially. The external input
signal is taken in the DR(5) routine, but this is for filtering the
taken-in waveform data. Thus, the writing of the signal into
the flash memory 103 is not performed.

When the interruptions take place according to DP and
DR(5) at the same timing as described above, 128 linear sam-
ples of the waveform data from the external source 111 are writ-
ten in the recording buffer RBk while the reproducing buffer
PBrf is vacant. The waveform generating routine HS(5) per-
forms the filtering process relative to the 128 waveform samples
of the recording buffer RBk and ‘sets the resultant 128 wave-
form sampleé in the reproducing buffer PBf. The RC take-in
routine RC(5) of Fig. 9 is executed

by the timer interruption so as to take in the detection value
RD of the ribbon controller 106. The filter coefficient of the fil-

tering process is determined depending on the detection value

t he



7. " A conputerized nusic apparatus according to claim6, further
conprising a scratch i nplenent nmani pul ated by the user to input

scratch operation so that the reproduci ng neans operates under the

. scratch optional node for changing the readi ng addresses of the

desi gnat ed waveform according to the imgatted scratch operation. 8.

(Amended) A conputerized nusic apparatus installed with a . program

which is executed_.to_perform.reproducti f j . .
ﬁﬁ. In tI{)e oregoin pirasﬂijon &rfe %thrﬂgf 1 alllt signal is filter-
going ’ p gn

controlled by the ribbon controller 106 so as to output a mod-
ified musical tone with desired timbre variation.

| Next, the operation in the EX scratch mode (m = 6) will
be explained. When the EX scratch mode is designated by
the user using the mode change-over switch, the register m
is set to 6 in the foregoing mode SW event routine shown in
Fig. 4. Although a flowchart of the EX scratch mode start pro-
cess MS(6) is omitted, MS(6) executes the following. process.
Specifically, the CPU 101 instructs the sound I/O 112 and the
DMA controller 113 to interrupt the CPU 101 per sampling
clock Fs fed from the Fs clock generator 110, and to execute
the DP routine of Fig. 16 upon every interruption so as to stop
the operation of reproducing the waveform samples in the re-
producing buffer PBr. Further, the CPU instructs the sound
I/O 112 to directly connect between the A/D input and the
D/A output and to directly feed the musical tone signal from
the external source 111 to the sound system 114 so as to emit
sound. Further, the CPU 101 instructs the sound I/0 112 and
the DMA controller 113 to interrupt the CPU 101 per sampling
clock. Fs from the Fs clock generator 110 and to execute the
DR(6) routine of Fig. 15 upon every interruption so as to start
the operation of writing the waveform sample from the exter-

nal source into the recording buffer SRBk. In the EX scratch



i tone by readi ng out a correspondi ng waveform the apparatus

conpri si ng:
wavef or ns
=bei ng
arranged

storage neans for provisionally storing a plurality of
corresponding to different nusical tones, each waveform

stored in the formof a sequence of anplitude val ue data

at a given sanpling perikad, desi gnati ng neans for

designating at |east one of the stored

mode, the external input signal is not recorded substantially.
The external input signal is taken by the DR(6) routine, but
the taken-in waveform data is ﬁsed for the scratch reproduc?
tion. Thus, the writing of the data into the flash memory 103
is not performed. Further, since the timer interruption is set
effective during the initialization at step 301, the RC take-in
routine RC(6) of Fig. 10 is executed per a given timing based
on the timer interruption by the timer 105.

While the ribbon controller 106 is not operated, the f)rocess
is finished through steps 1001 — 1002 — 1003 — END in RC(6)
of Fig. 10 so that the process of directly feeding the external
input signal to the sound system 114 is continued. Further,
since the DR(6) routine is executed based on the interruption
per sampling clock Fs, the linear waveform samples obtained
by A/D converting the external input signal are written into
the recording buffers SRB0 and SRB1 alternately via the input
FIFO. |

When the operation of thé ribbon controller 106 is started
such as the finger or the like is in touch with the ribbon con-
troller 106, the routine proceeds through steps 1001 — 1002
— 1004 — 1005 in RC(6). At next step 1006, the CPU 101
instructs the DMA controller 113 to stop the execution of the
DR(6) routine by interrupting the CPU 101 per sampling clock
F's and sets the scratch region SR in the recording buffer SRBk



waveferns to conmmand reproduction of a correspondi ng one of the

“ nusi cal

tones; 80
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which is one of the two recording buffers SRBO and SRB1 not
currently subjected to the writing, as described with reference
to Fig. 2(e). Next, the predetermined value of the scratch
pointer SP is set as the initial- reading address SAD at step

1007. Further, at step 1008, 128 samples to be reproduced first

are generated for the reproducing buffer PBr, and the CPU in- -
structs the DMA controller 113 to restart the execution of the

" DR routine by interrupting the CPU pér sampling clock F's.

Further, the interruption of the same significance as the inter-
ruption caused at step 1605 of the DP routine in Fig. 16 is
generated. By this interruption, HS(6) is executed, and 128
samples to be scratched next are generated in PBr. Further,
under the command from the CPU 101, the direct connection
from the A/D input of the sound I/O 112 to the D/A output
is cut so as to stop feeding of the musical tone signal directly
ffom the external source 111 to the sound system 114.
Further, if the finger or the like moves while being in touch
with the ribbon controller 106, the routine proceeds from step
1004 to step 1011 so that the velocity VEL is detected and set
in the sound source register sch. On the other hand, in the DP
routine which is executed based on the interruption per sam-

pling clock Fs, the reproducing buffers PB0O and PB1 are al-

~ ternately accessed successively. Accordingly, the reproduction

of the scratch tone is started based on the sound source regis-



_receiving neans for receiving a fresh waveformon a real time basis
when the fresh waveformis inputted froman external source;

swi t chi ng neans operable by a user for switching the reproduction of
- the musical tone between a nornmal node and an optional node; and

reproduci ng neans operative under the ne@gnal node for readi ng out t he

st ored waveform desi gnated by the designating neans fromthe st or age

means according to

t .
ter sch from the ngngopgisntt %I{e%grt%eu%%etrgﬁon of the ribbon

controller 106 is commenced. In particular, in the waveform

generating routine HS(6) of Fig. 12(c) which is triggered by

‘the interruption at step 1605 of the DP routine, since RS =1

is held while the operation of the ribbon controller 106 is per-
formed, the routine proceeds from step 1221 to step 1222 so
that the EX scratch process of Fig. 14 is executed. In the
EX scratch process of Fig. 14, the waveform sample in the
scratch region SR is read out using the address SAD derived
by adding the F number SFN, which depends on the detected
velocity VEL, to the address SAD and set in the reproducing
buffer PBE. Although it appears that the accumulation of the
read data is performed at step 1406, since all 0 samples are
set in PBF, the waveform samples TMP to be scratched are
substantially set in PBT. In the foregoing arrangement, the
scratch reproduction using the waveform data inputted from
the external source is achieved. |

Figs. 18(a) and 18(b) show examples of conversion from the
velocity VEL to the scratch F number SFN performed at step
1401 in Fig. 14. This conversion may be achieved through cal-
culation or by means of a table. Fig. 18(a) shows an example
wherein a variation of the F number SFN increases as an ab-
solute value of the velocity VEL increases. This realizes the

scratch effect such a manner that a pitch variation is significant



~ nusical tone corresponding to the designated waveform otherw se t he
~ reproducing means being operative under the optional node for

suspendi ng the reading of the stored waveform designated by the

- designating nmeans and instead for processing the fresh waveform

received by the receiving neans so as tporeproduce the nusical tone
corresponding to the fresh wavef orm such that a specific sound ef f ect

s trparted tgwtﬂqew en &ilg (igg S(;fc ﬁlle trlobnﬁogcggxrlgorl]f}ert 20618 small.

Since the precise pitch control is not required in the repro-
duction of the scratch, the number of bits at a decimal portion
of the scratch address SAD may be reduced if necessary. Specif-
ically, the number of bits at a decimal portion of the address
SAD derived at step 1403 in Fig. 14 may be reduced. This
can reduce the calculation amount of interpolation performed
at step 1405. Further, using a table shown in Fig. 18(b) upon
conversion from the velocity VEL into the scratch F number
SFN, the number of bits at the decimal portion of the F' num-
ber SFN can be decreased to reduce the calculation amount of
the interpolation.

Further, in the foregoing EX scratch mode, the waveform
data fed from the external source is stored alternately into the
recording buffers SRB0 and SRB1, and the scratch region is
set in the recording buffer which is not subjected to writing
at the time of starting the operation of the ribbon controller.
On the other hand, it may be arranged that no less than three
recording buffers are provided in which the waveform data is
stored in turn in a ring fashion, and the scratch regions are set

| in a plurality of the recording buffers which are not subjected
to writing at the time of starting the operation _6f the ribbon
controller. With this arrangement, since the scratch regions

are set in the plurality of recording buffers, the scratch region



) pr ogr am 9. (Amended) A conputerized nusic apparatus according to claim
8 wherein the reproduci ng neans includes filtering neans operative

under :the optional node for processing the fresh waveform by . di gi tal
.filtering to thereby inpart the specific sound effect.
71

capacity sufficient for the scratch can be ensured. Further,
since the capacity of each of the recording buffers can be set
small, the data amount on the recording buffers which are sub-
jected to writing at the time of starting the operation of the
ribbon controller is decreased. Thus, the data not used for the
scratch can be reduced. Stated otherwise, discarded portion of
the data can be saved.

In Fig. 17(a), the head timings of the pad-on detection sec-
tion, the section of the waveform generation by the CPU and
the execution section of the DP routine of DMAC are shown
to coincide with each other. However, this is not necessarily
required, and the respective sections may be offset from each
other. This also applies to the timings upon recording shown
in Fig. 17(b). Further, in Fig. 17(a), the CPU performs the
waveform generation at the time point where the reproduc-
tion of the samples in one of the reproducing buffers is finished
in the DP routine. On the other hand, it may be arranged
that the number of remaining samples not reproduced is de-
tected in the reproducing Bu.ﬂ'er. When the detected number
becomes no more than a given value, new samples are geﬁ-
erated in vacant portions. Accordingly, by adjusting timings
of reproduction and generation of samples, the number of the
reproducing buffers may be one or no less than three.

Fig. 19 shows an additional embodiment of the inventive



81 " 10. (Anended) A conputerized mnusic apparatus according to claimS8,

“ wherein the reproduci ng neans includes scratching neans operative

under the optional node for irregularly processing the fresh
. waveformto thereby inpart the specific sound effect.
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musical tone generating apparatus. This embodiment has ba-
sically the same construction as the first embodiment shown
in Fig. 1. The same components are denoted by the same
references as those of the first embodiment to facilitate bet-
ter understanding of the additional embodiment. The stofage
such as ROM 102, RAM 104 and a hard disk (not shown)
can store various data such as waveform data and various pro-
grams including the system control program or basic program,
the waveform reaﬂing or generating program and other appli-
cation programs. Normally, the ROM 102 provisionally stores
these programs. However, if not, any program inay be loaded
into the apparatus. The loaded program is transferred to the |
RAM 104 to enable the CPU 101 to operate the inventive sys-
tem of the musical tone generating apparatus. By such a man-
ner, new or version-up programs can be readily installed in the
system. For this purpose, a machine-readable media such as a
CD-ROM (Compact Disc Read Only Memory) 151 is utilized
to install the program. The CD-ROM 151 is set into a CD-
ROM drive 152 to read out and download the program from
the CD-ROM 151 into the RAM 104 through the bus 115. The
machine-readable media may be composed of a magnetic disk
or an optical disk other than the CD-ROM 151.

A communication interface 153 is connected to an exter-

nal server computer 154 through a communication network



11.° (Anended) A conputerized mnusic apparatus according to claim 10,

* further conprising a scratch inplenent mani pul ated by the user to

i nput scratch operation so that the scratching means operates
.according to the inputted scratch operation for irregularly changing
readi ng addresses ofthe fresh waveformy#ich is tenporarily stored
after the sane is received by the receiving neans to thereby

155 such as LAN (Local Area Network), public telephone net-
work and INTERNET. If the internal storage does not reserve
needed data or program, the communication interface 153 is
activated to receive the data or program from the server com-
puter 154. The CPU 101 transmits a request to the server
computer 154 through the interface 153 and the network 155.
In response to the request, the server computer 154 transmits
the requested data or program to the apparatus. The trans-
mitted data or program is stored in the storage to thereby
complete the downloadiﬁg.

The inventive musical tone generating apparatus can be
implemented by a personal computer which is installed with
the needed data and programs. In such a case, the data and
programs are providéd to the user by means of the machine-
readable media such as the CD-ROM 151 or a ﬂoppy disk. The
machine-readable media contains instructions for causing the
personal computer to perform the inventive musical tone gen-
erating method as described in conjunction with the previous
embodiments. Otherwise, the personal computer may receive
fhe data and programs through the communication network
155. |

As described above, according to the present invention, al-
though the number of musical tones concurrently generated

by the software sound source is reduced, the optional mode



repfoduce a nusical tone with a scratch effect. 12. A nusic apparatus

* for reproducing a nusical tone by reading out a correspondi ng
wavef orm according to a variabl e readi ng address so as to introduce

. a scratch effect into the reproduced nusical tone in response to
touch action, the mnusic apparatus conpri&i ng: storing neans for
storing a waveformin the formof a sequence of anplitude val ue data

arranged at a_gi ven_sanpl i i,0d. t . .
? for perfornr;lpné Q‘,%epg{gllgal tone quality filter process, the pitch

giving process or the scratch effect giving process is provided.

Thus, the function which has not been achieved by the conven-

tional software sound source can be realized so that the musical

tone generation which meets various purposes of the user can
" be achieved.

Further, according to the invention, in the toﬁe generat-
ing apparatus for reading the digital waveform data to repro-
duce a corresponding musical tone, the detecting implement
is provided to detect the touch action of the user. The wave-
form data is read out according to modified reading addresses
which are determined depending on the detected touch action.
By such a manner, the inventive digital music apparatus can
create the natural scra,tch effect which has been obtained only
by the conventional analog music apparatus, in response to
the user’s touch action. Further, the waveform data is read
out from a predetermined top address when the touch action
is initiated. Thus, the waveform data is always retrieved from
the predeterminéd top address wherever the user touches the

‘scratch detecting implement. Thus, the same repeat scratch
operation is realized by the invention as performed using an
analog record disk in which a particular section of the record
disk is repeatedly reproduced in synchronization with a rhythm

of the music. Moreover, the outputs from the detecting imple-



) represent a correspondi ng nusical tone; a detecting inplenment having
~alength to receive the touch action
82
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ment are differentially processed to detect a velocity of the
touch action. Then, the variable F' number is determined ac-
cording to the touch action. The F number is accumulated to
the reading address for use in reading of the waveform data.
By such a manner, a variation range of the F number can
be expanded with a limited length of the linear detecting im-
plement, thereby realizing wide scratch control. Additionally,
according to the invention, the scratch effect can be applied to
a fresh waveform which is inputfed from an external source in
real time basis. Thus, the user can scratch a desired section
of the reproduced musical tone during the live performance of

the music.
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_ for®detectimg a point of the touch action along the Iength and for
outputting a gegtmeexﬁkﬂmed:orrespondl ng to the detected point of

t he touch actl eV|ng means for periodicafl afrieving the
; p05| ti'onal val ga‘ I|||

ted fromthe detecting i
t he touch acti

repr ci ng means for
determ ni ng each readi ng address oF¥

What is claimed is:

1. A computerized music apparatus installed with a program
which is executed to perform reproduction of a musical
tone by reading out a corresponding waveform, the appa-

ratus comprising;:

storage means for storing a plurality of waveforms corre-

sponding to different musical tones, each waveform being

stored in the form of a sequence of amplitude value data

arranged at a given sampling period;

designating means for designating at least one of the stored
. waveforms to command reproduction of a corresponding

‘one of the musical tones;

switching means operable by a user for switching the re-
production of the musical tone between a normal mode

and an optional mode; and

reproducing means allotted with relatively high perfor-
mance under the normal mode for concurrently reading
out a number of the designated waveforms from the stor-
age means according to the program so as to concurrently
reproduce the number of the corresponding musical tones,
otherwise the reproducing means being allotted with rela-
tively low performance under the optional mode such-that

the number of the musical tones concurrently reproduced
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" successi vel y readi ngThisiShettiiiss Bezw Bépdaced f r om t he st orage ne

according to the retrieved ones of the positional values and for

according to each det address so as to repfo IO
- correspondi ng nusi cal scratch effect, i
reproduci ng nmeans conprises mnmeans. operative when the to

initiated for starting to read out the waveform froma predet

start readi ng addygser the distioflabracdel kereduced &y compdred: dor tleabf t he
touch action for continuingto successively
under the normal mode while the reproducing means is
allotted with additional performance under the optional
mode for digitally processing the designated waveform to

impart a specific sound effect to the reproduced musical

tone according to the program.

2. A computerized music apparatus aécording to claim 1,
wherein the switching means comprises means switchable
between the normal mode and a filter optional mode such
that the reproducing means operates under the filter op-
tional mode for digitally processing the designated wave-
form by filtering to impart the specific sound effect such

as to modify a timbre of the reproduced musical tone.

3. A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable
between the normal mode and a pitch optional mode such

~ that the reproducing means operates under the pitch op-
tional mode for digitally processing the designated wave-
form by changing reading speed of the designated wave-
form to impart the specific sound effect such as to modify

a pitch of the reproduced musical tone.

4. A computerized music apparatus according to claim 3,

further comprising pitch specifying means operable by the

* c L | H *




- 13.

.to int

read out the waveform according to each determ ned readi ng

R“WEEWR@!W for reproducing a nusical tone by
1 mHLh effect i.nto the 7r8eproduced nmusi ca

corres

m according to a variabl e readi ng agdfegs;

user for specifying a pitch of a musical tone to be repro-
duced so that the reproducing means operates under the
pitch optional mode to impart the pitch specified by the

pitch specifying means to the reproduced musical tone.

. A computerized music apparatus according to claim 4,

wherein the designating means and the pifch specifying
means comprise a common implement manually operable
by the user such that the common implement is used as the
designating means for designating the waveform under the

normal mode while the common implement is used as both

of the designating means for designating the waveform and

the pitch specifying means for specifying the pitch of the

musical tone corresponding to the designated waveform.

. A computerized music apparatus according to claim 1,

wherein the switching means comprises means switchable

between the normal mode and a scratch optional mode

such that the reproducing means operates under the scratch

optional mode for digitally processing the designated wave-
form by irregularly changing reading addresses of the des-
ignated waveform to impart the specific sound effect such

as to scratch the corresponding musical tone.

. A computerized music apparatus according to claim 6,

further comprising a scratch implement manipulated by

L

ding out a



data arranged at a g riod to represent a/chy
. nusi cal tone;

83 “response to touch actlon ic apparatus conprising: storing
" means for storing a “ﬁ‘ Wﬁu ormof a sequence of~_anplitude val ue
the user to input scratch operation so that the reproduc-
ing means operates under the scratch optional mode for

changing the reading addresses of the designated wave-

form according to the inputted scratch operation.

8. A computerized music apparatus installed with a program
which is executed to perform reproduction of a musical
tone by reading out a corresponding waveform, the appa-

ratus comprising:

storage means for provisionally storing a plurality of wave-
forms corresponding to different musical tones, each wave-
form being stored in the form of a sequence of amplitude

value data arranged at a given sampling period; .

designating means for designating at least one of the stored
waveforms to command reproduction of a corresponding

one of the musical tones;

receiving means for receiving a fresh waveform in real time
basis when the fresh waveform is inputted from an external

source;

switching means operable by a user for switching the re-
production of the musical tone. between a normal mode

and an optional mode; and

reproducing means operative under the normal mode for

reading out the stored waveform designated by the des-

T




. action;

a d("%tei 1 B9 IPh&ARacRAVi Ng @ | ength to receive the touch @

|
detectit St he touch action along the |ength and/f g
a positi n‘“‘[mt mrespondi ng to the detected point of

ans for periodi ca% y retrieving the post&l
outputted fromthe detecting inplenent

ignating means from the storage means according to the
program so as to reproduce the musical tone correspond-
ing to the designated waveform, otherwise the reproduc-
ing means being operative under the optional mode for
stopping the reading of the stored waveform designated
by the designating means and instead for processing the
fresh waveform received by the receiving means so as to re-
produce the musical tone corresponding to the fresh wave-
form such that a specific sound effect is imparted to the

reproduced musical tone according to the program.

9. A computerized music apparatus accprding to claim 8,
wherein the reproducing means includes filtering means
operative under the optional mode for processing the fresh
waveform by digital filtering to thereby impart the specific
sound effect such as to modify a timbre of the reproduced

musical tone.

10. A computerized music apparatus accbrdjng to claim 8,
wherein the reproducing means includes scratching means
operative under the optional mode for irregularly pro-

~ cessing the fresh waveform to thereby impart the specific
sound effect such as to scratch the reproduced musical

tone.

11. A computerized music apparatus according to claim 10,

A




repfr oduci ng nmeans for variably I ni ng each reading address accordi ng

to the retrieved oneﬁus(gi,ecmﬁwg‘w Lopal values and for

readi ng out the wavef %orage means accor di
det erm ned readi ng ad wﬂ Iﬂﬂm
tone with scratch eff the Setrievi ng nmeans conpri se

repr.oduce the correspo
differentially processing the periodically retrieved positional val

conpute a vel oci pyr@ert BERiOMEThAY Sefatd 9mplement manipulated by

the user to input scratch operation so that the scratch-
ing means operates according to the inputted scratch op-
eration for irregularly changing reading addresses of the
fresh waveform which is temporarily stored after the same
is received by the receiving means to thereby scratch the

reproduced musical tone.

12. A music apparatus for reproducing a musical tone by read-
ingl out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into the
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
quence of amplitude value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for 6utputting a positional value corresponding
to the detected point of the touch action;

retrieving means for periodically retrieving the positional
value outputted from the detecting implement to monitor

the touch action; and

reproducing means for variably determining each reading
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wherein the re rodu?iaﬂ
: ‘% iﬁ“‘[ e velocity of the touch action and
; 82

13.

g neans conprises neans for determ ni

address according to the retrieved ones of the positional
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the reproducing means comprises means opera-
tive when the touch action is initiated for starting to read
out the waveform from a predetermined start reading ad-
dress, and being operative during the course of the touch
action for continuing to successively read out the wave-

form according to each determined reading address.

A music apparatus for reproducing a musical tone by read-
ing out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into the
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
quence of amplitude value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for outputting a positional value corresponding
to the detected point of the touch action;

* C L M [ *




for " accumul at i ng the variable nunber to a preceding reading addr ess

to determne a succébds Iheadmﬁgmadﬂress 14. (Anrendeg

apparatus for reprod ‘tone by readi ng /oul;a:
. correspondi ng mavefor a varlable readkQg a

to introduce a scratch e repr oduced nusi Ca

response to touch action, the nu5|c
retrieving means for periodically retrieving the positional

value outputted from the detecting implement to monitor

the touch action; and

reproducing means for variably determining each reading
address according to the retrieved ones of the positional
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the retrieving means comprises means for differen-
tially processing the periodically retrieved positional val-

ues to compute a velocity of the touch action, and

wherein the reproducing means comprises means for de-
termining a variable number according to the velocity of
the touch action and for accumulating the variable number
to a preceding reading address to determine a succeeding

reading address.

14. A music apparatus for reproducing a musical tone by read-
ing out a corresponding waveform according to a variable
reading address so as to introduce a scratch effect into the
reproduced musical tone in response to touch action, the

music apparatus comprising:

storing means for storing a waveform in the form of a se-
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apparatus co rlﬁ ﬂﬁe I nput means for inputting a waveform from an

: €p. : :
exte continual ly; storing neans for staring the
wavef “H of a sequence of anplitude val ue garggarranged

: Xy

- at a period to reprisent a correspondi ng nu3|éEbT SYal)
into a st or age neans; a detectlng Fnpl ement having a | engtR #%[AC“
receive the touch action for detecting a point of the touch actHas

along the length ufed& of amplitude value data arranged at a given sam-

pling period to represent a corresponding musical tone;

a detecting implement having a length to receive the touch
action for detecting a point of the touch action along the
length and for outputting a positional value corresponding

to the detected point of the touch action;

retrieving means for periodically retrieving the positional
value outputted from the detecting implement to monitor

the touch action; and

reproducing means for variably determining each reading
address according to the retrieved ones of the positional
values and for successively reading out the waveform from
the storage means according to each determined reading
address so as to reproduce the corresponding musical tone

with the scratch effect,

wherein the storage means comprises means for storing
a waveform which is inputted from an external source in

real time basis, and

wherein the 'reproducing means compfises means opera-
tive when the touch action is not commenced for out-
putting the inputted waveform as it is to reproduce the
corresponding musical tone without the scratch effect, and

being operative when the touch action is commenced for

AT A



~out p’ut'ti ng a positional value corrésponding the detected point ofthe
~ touch action; rmg}@&iﬂggggggmcgdor periodically retrjeving the

positiqnal val ue t he detecting inpl enen a._noni t or
-the touch action; E %ngé generating an adg di
to the retrieved . ue”dnd for successively PRy p g o)

t he waveform

stopping the storing and outputting of the waveform and
for successively reading out the waveform from the storage
means according to the variable reading addresses to re-

produce the corresponding musical tone with the scratch

effect.

15. A music apparatus according to claim 14, wherein the |
storage means has a memory capacity sufficient to store a
complete data volume of a fresh waveform newly inputted

from the external source in real time basis.

16. A method of operating a computerized music apparatus
installed with a program which is executed to perform re-
production of a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

storing a plurality of waveforms corresponding to different
musical tones in a storage, each waveform being stored in
the form of a sequence of amplitude value data arranged
at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction with relatively high per-
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17.

18.

Iigplgcg(prage means according to the address; and

or reproducing a nusical tone according/tf
ﬁ en the touch action is not detected by/ the

t he storing neans %%ntinue to store tF

formance under the normal mode for concurrently reading
out a number of the designated waveforms from the stor-
age according to the program so as to concurrently repro-

duce the number of the corresponding musical tones;

otherwise performing a second reproduction with relatively
low performance under the opti;)nal mode such that the
number of the musical tones concurrently reproduced un-
der the optional mode is reduced as compared to that

under the normal mode; and

performing a third reproduction with additional perfor-
mance under the optional mode for digitally processing
the designated waveform to impart a specific sound effect
to the corresponding musical tone according to the pro-

gram.

The method of operating a computerized music apparatus
according to claim 16, wherein the step of switching com-
prises switching between the normal mode and a filter op-
tional mode such that the third reproduction is performed
under the filter optional mode for digitally processing the
designated waveform by ﬁlteﬁng to impart the specific
sound effect such as to modify a timbre of the correspond-

ing musical tone.

The method of operating a computerized music apparatus
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i npltt ed wavef or m-and—the—repraduci ng means reproduce the nmusi

t one correspondi ng LR tsﬂee I nput t ed wavef orm wi t hout the
_effect_, and when the n&Replaced et ect ed by the o, det ecti ng
. inplenent, the storin ' ds storing of the S Sk S

reproduci ng neans re
waveformread out by the reading neans with the scratc

19.

20.

21.

scratc

I &S eog

i calgtone cor

according to claim 16, wherein the step of switching com-
prises switching between the normal mode and a pitch op-
tional mode such that the third reproduction is performed
under the pitch optional mode for digitally processing the
designated waveform by changing reading speed of the des-
ignated waveform to impart the specific sound effect suéh

as to modify a pitch of the corresponding musical tone.

The method of operating a computerized music appara-
tus according to claim 18, further comprising the step of
specifying a pitch of a musical tone to be reproduced by

the user so that the third reproduction is performed under

cal
h

and the

the pitch optional mode to impart the pitch specified by

the step of specifying the reproduced musical tone.

The method of operating a computerized music apparatus
according to claim 16, wherein the step of switching com-
prises switching between the normal mode and a scratch
optional mode such that the third reproduction is per-
formed under the scratch optional mode for digitally pro-
cessing the designated waveform by irregularly changing
reading addresses of the designated waveform to impart
the specific sound effect such as to scratch the correspond-

ing musical tone.

The method of operating a computerized music appara-
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15. A%@%Qheeﬁk@ﬁﬁb& apparatus according to claim 14, wherein the

storag menory capacity sufficient to store a corrpl ete
data v u sh waveformnewy inputted fromthe exf
. source basi s. 16. A nethod of operating a 1§cﬂm§ S

musi ¢ apparatus installed with aggrogramwhich is &xec
performreproduction of a

22.

R |

tus according to claim 20, further comprising the step of
manipulating a scratch implement by the user to input
scratch operation so that the third reproduction is per-
formed under the scratch optional mode for changing the
reading addresses of the designated waveform according

to the inputted scratch operation.

A method of operating a computerized music apparatus
installed with a program which is executed to perform re-
production of a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

provisionally storing a plurality of waveforms correspond-
ing to different musical tones in a storage, each waveform
being stored in the form of a sequence of amplitude value

data arranged at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

receiving a fresh waveform in real time basis when the

fresh waveform is inputted from an external source;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction under the normal mode for

reading out the stored waveform designated by the step



musi cal tone by r‘evardrng—aut—a—CbTT—e‘Spondi ng waveform the nethod

conprising the st e?ﬁs etHasﬁeénR laced

23.

24.

[T

of designating from the storage according to the program

89

so as to reproduce the musical tone corresponding to the

designated waveform; and

otherwise performing a second reproduction under the op-
tional mode for stopping the reading of the stored wave-
form designated by the step of designating and instead for
processing the fresh waveform received by the step of re-
ceiving so as to reproduce the musical tone corresponding
to the fresh waveform such that a specific sound effect is
imparted to the reproduced musical tone according to the

program.

The method of operating a computerized music apparatus
according to claim 22, wherein the second reproduction
is performed under the optional mode for processing the
fresh waveform by digital filtering to thereby impart the
specific sound effect such as to modify a timbre of the

reproduced musical tone.

The method of operating a computerized music apparatus
according to claim 22, wherein the second reproduction is
performed under the optional mode for irregularly pro-
cessing the fresh waveform to thereby impart the specific
sound effect such as to scratch the reproduced musical

tone.

I
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storing a pl uralﬁl f wavef ornms corresponding to differg

i n i e vef orm being stored in the form of

anpl i ‘w a arranged at a given sanpling perioth
i Ieas ored waveforns to command reproduction of
correspondl ng one of the nusical tones;90sw tching the reproduction o
musi cal tone between a normal node and an optional node by a user;

25. The method of operating a computerized music appara-
| tus according to claim 24, further comprising the step of
manipulating a scratch implement by the user to input
scratch operation so that the second reproduction is per-
formed according to the inputted scratch operation for
irregularly changing reading addresses of the fresh wave-
form which is temporarily stored after the same is received

to thereby scratch the reproduced musical tone.

26. A method of operating a musical apparatus for reproduc-
ing a musical tone by readiﬁg out a corresponding wave-
form according to a variable reading address so as to in-
troduce a scratch effect into the reproduced musical tone
in response to touch action, the method comprising the

steps of:

storing a waveform into a storage in the form of a sequence
of amplitude value data arranged at a given sampling pe-

riod to represent a corresponding musical tone;

operating a detecting implement having a length to receive
the touch action for detecting a point of the touch action
along the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch action;

RO D




perforning a first—Teproduction with relatively high performance under the

normal node for COﬂCI!Hisrsaé&HgsBeadthplaqdout a nunber of the
wavefornms fromthe st to the programso @
- reproduce the number ﬂ Eum E Fndi ng nusical tones; &
perform ng a second r nwth reiatively low performance
opti onal node such that the nunber of -the

variably determining each reading address according to

the retrieved ones of the positional values; and

performing reproduction for successively reading out the
waveform from the storage according to each determined
reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the reproduction is performed when the touch ac-
tion is initiated for starting to read out the waveform from
a predetermined start reading address, and the reproduc-
tion is performed during the course of the touch action for .
continuing to successively read out the waveform accord-

ing to each determined reading address.

27. The method of operating a music apparatus according to
claim 26, wherein the step of retrieving comprises differen-
tially processing the periodically retrieved positional val-
ues to compute a velocity of the touch action, and wherein
the step of performing reproduction comprises determin-
ing a variable number according to the velocity of the
touch action and accumulating the variable number to a
preceding reading address to determine a succeeding read-

ing address.

28. A method of operating a musical apparatus for reproduc-

ing a musical tone by reading out a corresponding wave-

) * [ L M S *




nmusi cal tones concurrently reproduced under the optional node is reduced
as cdﬁéh@dﬁsaemla«ader the normal node; and perfornjing a third
0

repr di tional performance under the optf oy

- digit the designated waveform to inpar{ a SpetEcfi ound
effect to the cor pondi ng nusi cal tong2 according to tte

form according to a variable reading address so as to in-

troduce a scratch effect into the reproduced musical tone

in response to touch action, the method comprising the

steps of:

storing a waveform into a storage in the form of a sequence
of amplitude value data arranged at a given sampling pe-

riod to represent a corresponding musical tone;

operating a detecting implement havirlg a length to receive
the touch action for detecting a point of the touch action
along the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch dction;

variably determining each reading address according to

the retrieved ones of the positional values; and

performing reproduction for successively reading out the
waveform from the storage according to each determined
reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the step of storing comprises storing a waveform
which is inputted from an external source in real time

basis, and

wherein the reproduction is performed when the touch ac-

T,




87 “17. (Anended) The nethod of operating a conputerized nusi ¢

appar at us accordi ng mmsmewmaﬁkmael n the step of sw

conpri ses switching b
. node such that the th

29.

mode and a filter ®lsi
on |s perforned unde

tion is not commenced for outputting the inputted wave-
form as it is to reproduce the corresponding musical tone
without the scratch effect, and the reproduction is per-
formed when the touch action is commenced for stopping
the storing and outputting of the waveform and for suc-
cessively réading out the waveform from the storage ac-
cording to the variable reading addresses to reproduce the

corresponding musical tone with the scratch effect.

A machine-readable media containing a program for caus-
ing a computerized music apparatus to perform a method
of reproducing a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

storing a plurality of Waveforﬁls corresponding to different
musical tones in a storage, each waveform being stored in
the form of a sequence of amplitude value data arranged
at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a correéponding one of the musical

tones;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction with relatively high per-

formance under the normal mode for concurrently reading

A



e
optional node faqr d| itally processing the designated waveform by

fil t'BmS ”ﬂ
of op

. where
node an a pitch optional
perforned under the pitch

30.

31.

he specific sound effect. 18. [Amgrded) The net hod
\Jterl zed nusic apparatus accqrdi hg’tﬂimc AL 16,
swi t chi ng ngrl ses sw tchi ng bet ﬁ-":-.- Ya
mode sucft that the third r epr ool on i $

out a number of the designated waveforms from the stor-
age according to the program so as to concurrently repro-

duce the number of the corresponding musical tones;

otherwise performing a second reproduction with relatively
low performé,nce under the optional mode such that the
number of the musical tones concurrently reproduced un-
der the optional mode is reduced as compared to that

under the normal mode; and

performing a third reproduction with additional perfor-
mance under the optional mode for digitally processing
the designated waveform to impart a specific sound effect
to the corresponding musical tone according to the pro-

gram.

A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the nor-
mal mode and a filter optional mode such that the third
reproduction is performed under the filter optional mode
for digitally processing the designated waveform by filter-
ing to impart the specific sound effect such as to modify

a timbre of the corresponding musical tone.

A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the nor-

mal mode and a pitch optional mode such that the third

* [ L N S *



changi’”
speci fi
- appar at

specifying a pitch of a nmusi cal

that the third
node to inpart

Opti onal s@tﬁs bQ

32.

33.

34.

egrR

di.qi
lege of the designated waveformto inpa t he
rﬁ E m 19. The method of operating a fcdapl " '
' to claim18, %ﬁrther conpri si ng.the SI6P ]
t one q

ally processing the designated waveform by

to be reproduced by
reproduction is performed under the pitch optional mod
for digitally processing the designated waveform by chang-
ing reading speed of the designated waveform to impart
the specific sound effect such as to modify a pitch of the

corresponding musical tone.

A machine-readable media according to claim 31, wherein
the method further comprises the step of specifying a pitch
of a musical tone to be reproduced by the user so that the
third reproduction is performed under the pitch optional
mode to impart the pitch specified by the step of specify-

ing to the reproduced musical tone.

A machine-readable media according to claim 29, wherein
the step of switching comprises switching between the
normal mode and a scratch optional mode such that the
third reproduction is performed under the scratch optional
mode for digitally processing the designated waveform by
irregularly changing reading addresses of the designated
waveform to impart the specific sound effect such as to

scratch the corresponding musical tone. .

A machine-readable media according to claim 33, wherein
the method further comprises the step of manipulating
a scratch implement by the user to input scratch oper-

ation so that the third reproduction is performed under
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the’pitch specifi ed by the wstapsmlaspeci fying the reproduced nusical

t one.

35.

Th

mimmw

the scratch optional mode for changing the reading ad-

dresses of the designated waveform according to the in-

putted scratch operation.

A machine-readable media containing a program for caus-
ing a computerized music apparatus to perform a method
of reproducing a musical tone by reading out a correspond-

ing waveform, the method comprising the steps of:

provisionally storing a plurality of waveforms correspond-
ing to different musical tones in a storage, each waveform
being stored in the form of a sequence of amplitude value

data arranged at a given sampling period;

designating at least one of the stored waveforms to com-
mand reproduction of a corresponding one of the musical

tones;

receiving a fresh waveform in real time basis when the

fresh waveform is inputted from an external source;

switching the reproduction of the musical tone between a

normal mode and an optional mode by a user;

performing a first reproduction under the normal mode for
reading out the stored waveform designated by the step
of designating from the storage according to the program
so as to reproduce the musical tone corresponding to the

designated waveform; and

* c L M S *



20. (Amended) The nethod of operating a computerized nusic appar at us

accofd t 24%d -~ wherein the step of switching
switch e nornmal node and a scratch
t hat duction is perfornmed_under

node for digitally processing the desig dt ed
changi ng readi ng addresses of the desi gnated waveformto inpart~the
specific sound ef fethierwise performing a second reproduction under the op-

tional mode for stopping the reading of the stored wave-
form designated by the step of designating and instead for
processing the fresh waveform received by the step of re-
ceiving so as to reproduce the musical tone corresponding
to the fresh waveform such that a specific sound effect is
imparted to the reproduced musical tone according to the

program.

36. A machine-readable media according to claim 35, wherein
the second reproduction is performed under the optional
mode for processing the fresh waveform by digital filter-
ing to thereby impart the specific sound effect such as to

modify a timbre of the reproduced musical tone.

37. A machine-readable media according to claim 35, wherein
the second reproduction is performed under the optional
mode for irregularly prdcessing the fresh waveform to thereby
impart the specific sound effect such as to scratch the re-

produced musical tone.

38. A machine-readable media according to claim 37, wherein
the method further comprises the step of manipulating
a scratch implement by the user to input scratch oper-
ation so that the second reproduction is performed ac-

cording to the inputted scratch operation for irregularly

A




21." The nmethod of operating a conputerized nusic apparatus according

to claim 20, furthef-mmg@m@geg}gggpia&dstep of mani pul ati a_scratch

i nplement by the use tch operation so thtTHmeHEm ds
reproduction is p_erf ﬂ“&lﬂmgmﬁw scrat ch optional npde fQTEPLACED S BEEN
changi ng the readi ng he desi gnated waveform diing

to the inputted scratch operation.

changing reading addresses of the fresh waveform which
is temporarily stored after the same is received to thereby

scratch the reproduced musical tone.

39. A machine-readable media containing instructions for caus-
ing a music apparatus to perform a method of reproducing
a musical tone by reading out a corresponding waveform
according to a variable reading address so as to introduce
a scratch effect into the reproduced musical tone in re-
sponse to touch action, the method comprising the steps

of:

storing a waveform into a storage in the form of a sequence
of amplitude value data arranged at a given sampling pe-

riod to represent a corresponding musical tone;

operating a detecting implement having a length to receive
the touch action for detecting a point of the touch action
aldng the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch action;

variably determining each reading address a.céording to

the retrieved ones of the positional values; and

petforming reproduction for successively reading out the

waveform from the storage according to each determined

I —————
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Izﬁst a ‘ht @g A BeAn
of a m’ H
net hod i

wavefornms corresponding to diffe %nt nmusi cal t
each waveform being stored in

40.

readi ng out a correspondi ng waveffofn he

ﬁﬁE‘%d of operating a conputerized nusic appar atus
§t or 1)
oc_ i REP

i?ep am whi ch is executed to performreproduction

steps of: ovi sional l'y

reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the reproduction is performéd when the touch ac-
tion is initiated for starting to read out the waveform from
a predetermined start reading address, and the reproduc-
tion is performed during the course of the touch action for
continuing to successively read out the waveform accord-

ing to each determined reading address.

A machine-readable media according to claim 39, wherein
the step of retrieving comprises differentially processing
the periodically retrieved positional values to compute
a velocity of the touch action, and wherein the step of
performing reproduction comprises determining a variable
number according to the velocity of the touch action and
accumulating the variable number to a preceding reading

address to determine a succeeding reading address.

41 A machine-readable media containing instructions for caus-

ing a music apparatus to pei‘form a method of reproducing

" a musical tone by reading out a corresponding waveform

according to a variable reading address so as to introduce
a scratch effect into the reproduced musical tone in re-
sponse to touch action, the method comprising the steps

of:

NN




g9 * - the formao rrplltude val ue dat a~a+ranged at a given
sanpling peri od; {'mas %ﬁgs mlf'ﬁl at | east one of the stTHfSeng@-v i

confrand |"I

storing a waveform into a storage in the form of a sequence .

of amplitude value data arranged at a given sampling pe- |

riod to represent a corresponding musical tone;

operating a detecting implement having a length to receive
the touch action for detecting a point of the touch action
along the length and for outputting a positional value cor-
responding to the detected point of the touch action;

periodically retrieving the positional value outputted from

the detecting implement to monitor the touch action;

variably determining each reading address according to

the retrieved ones of the positional values; and-

performing reproduction for successively reading out the
waveform from the storage according to each determined
" reading address so as to reproduce the corresponding mu-

sical tone with the scratch effect,

wherein the step of storing comprises storing a waveform
which is inputted from an external source in real time

basis, and

wherein the reproduction is performed when the touch ac-
tion is not commenced for outputting the inputted wave-
form as it is to reproduce the corresponding musical tone
without the scratch effect, and the reproduction is per-

formed when the touch action is commenced for stopping

T



rep'ryoduction of a corresponding one of the nusical to ; receiving a
fresh waveformon a real tinme basis when the fresh ' A

inputted froman external source; switching the JOR BEEN Hhe
nmusi cal tone between a nor nal and an optional ] Vi
performng a first reproduction under tlﬁ& normal node for reading out
the stored waveform designated by the step of designating from t he

storage accordi ngthe $feging W@ B dtihg 6fbhedwasefdien nawd cir suc-
cessively reading out the waveform from the storage ac-
cording to the variable reading addresses to reproduce the

corresponding musical tone with the scratch effect.
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ton®& eorresponding to the designated waveform and ot herw se

perform ng a second reproduction under the optional node for

suspendi ng the reading ofthe stored waveform desi gnat ed by the step
of designating and instead for processi the fresh wavef orm recei ved
by the step of receiving so as to repr&@%ce t he nmusi cal tone

di he f h f (£
o BT Vb ARV MEL APBARATUS PRBRBSEIRRY™ °1 !
WAVEFORM TO CREATE SOUND EFFECT

ABSTRACT

A computerised music apparatus is installed with a program
which is executed to perform reproduction of a musical tone by
reading out a corresponding waveform. A storage is provided for
storing a plurality of waveforms corresponding to different musical
tones, each waveform being stored in the form of a sequence of
amplitude value data arranged at a given sampling period. Tapping
pads are provided for designating ét least one of the stored
waveforms to command reproduction of a corresponding one of the
musical tones. A panel switch is operable by a user for switching
the reproduction of the musical tone between a normal mode and an
optional mode. A CPU is allotted with relatively high performance
under the normal mode for concurrently reading out a number of
the designated waveforms from the storage according to the
program so as to concurrently reproduce the number of the
corresponding musical tones. Otherwise, the CPU is allotted with

' relatively‘ low performance under the optional mode such that the
number of the musical tones concurrently reproduced under the
optional mode is reduced as éompared to that under the normal
mode while the CPU is aliotted with additional performance under
the optional mode for digitally processing the designated waveform




accdrdi ng to the program 23. (Anmended) The nethod of operating a
conputeri zed nusic

103

to impart a scratch effect to the reproduced musical tone according
to the program. The scratch effect may be also applied to a fresh

waveform imputted from an external source in real time. (Figure 1)




90" - apparatus according to claim 22, wherein the second reproduction
I s perforned under the optional node for processing the fresh
waveform by digital filtering to thereby inpart the specific sound

effect. 24. The net hod of operatin?ﬁﬁ1fonputerized musi ¢ appar at us
accordi ng to claim 22, wherein e second reproduction is perfornmed
under the
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opfFOﬂaI node for irregularly processing the fresh waveformto

thereby inpart the specific sound effect. 25. The nmethod of operating a
conput eri zed rnusi ¢ apparat us accordi ng to claim24, further
conprising the step of manipulating agenatch i npl ement by the user
to input scratch operation so that the second reproduction is

performed according to the inputted scratch

FIG.2 a. FIG.2 b
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opéfa{ion for irregularly changi ng readi ng addresses of the fresh
waveform which is tenporarily stored after the same is received to

thereby reproduce a musical tone with a scratch effect. 26. A method of
operating a nusical apparatus for repr3o/dt||?| ng a nmusi cal tone by
readi ng out a correspondi ng waveform accordi ng to a variabl e reading

address so as to introduce a scrathFGecB into
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91 “t-he reproduced nusical tone in response to touch action, the nethod
conprising the steps of: storing a waveforminto a storage in the form of

a sequence of
417

FIG.5
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anptitude value data arranged at a given sanpling period to represent a
correspondi ng nusi cal tone; operating a detecting inplenent having a

|l ength to receive the touch action for detecting a point of the touch
action along the Iength and for outputting a positional value
corresponding to the detected point db/tle touch action; periodically
retrieving the positional value out ﬁ;ité;:l féom t he
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det&cting inplenent to nonitor the touch action; variably deternining each
readi ng address according to the retrieved ones of the positional val ues;
and- perform ng reproduction for successively reading out the waveform
fromthe storage according to each determ ned readi ng address so as to
reproduce the corresponding nusical toBeMith the scratch effect, wherein

the reproduction is perforned when FPT(Efu%? action is

ON- EVENT ROUTINE
(m=0, 2, 4
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m
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REGISTER ich
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initiated for starting to read out the waveformfroma predeternined start
readi ng address, and the reproduction is performed during the course of
t he-tquch action for continuing to successively read out

/17
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92 = = t he waveform according to each determ ned readi ng address. 27.
The nmet hod of operating a nusic apparatus according to cl aim 26,

wherei,n the step of retrieving conprises differentially processing

the periodically retrieved positional value to conpute a velocity of

the touch action, and wherein the step8gflperform ng reproduction
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conprises determning a variable nunber according to the velocity of
the touch action and accunul ating the variable nunber to a pr ecedi ng
readi ng address to determ ne a succeedi ng readi ng - address. 28.
(Amended) A nethod of operating a nusical apparatus for r epr oduci ng
a nmusi cal tone by reading out a correspopding wavef orm according to
a vari abl e reading address so as to introduce
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a sbratch effect into the reproduced nusical tone in response to

touch action, the nethod conprising the steps of: Il nputting a
wavefarm from an external source continually; storing the [a]
waveforminto a storage in the formof a sequence of anpl i tude val ue
data arranged at a given sanpling perit® Mg : represent a
correspondi ng nusi cal tone; operating a detecting inplenment having a

| ength to receive the
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93 * - touch action for detecting a point of the touch action along the
| ength and for outputting a positional value corresponding to the

117
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det ect ed point of the touch action; periodically retrieving the

positional value outputted fromthe detecting inplenent to nonitor
t he-touch action; generating a reading address according to the
retrieval positional val ue and?‘%afgssi vely readi ng out the waveform
fromthe storage according to t adi ng address; and
reproduci ng a nusi cal tone accordi t@tgeaé\a\ﬁ orm wherein when
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the?s{ep of storing the inputted waveform conti nues and the nusical
tone corresponding to the inputted waveformis reproduced w thout

scratch effect,
detecting inplenent,

tone corresponding to the wavef ormrd

and when the touch action is detected by the

the step of storggg s suspended and the
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29.% { Anended) A nachi ne-readabl e nedi a containing a program for

causing a conputerized nusic apparatus to performa nethod of

reprodquci ng a nusi cal tone by reading out a corresponding wavef or m
t he nethod conprising the steps of: 1417
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sequence
desi gnati ng

reproduction of a

Lepmand

each waveform being stored in the formof a
t ones;

of anplitude value data arranged at a given sanpling period;

94 Zs{oring a plurality of waveforns corresponding to different nusical

at | east one of the stored waveforns tig
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provi«<di ng normal node and an optional node for the production of the
musi_cal tone; performng a first reproduction with relatively high
per¥ordrance under the normal node for concurrently reading out a nunber
of the designated waveforns fromthe qbgyfge according to the program so
as to concurrently reproduce the nunber”or the correspondi ng nusical

t ones;

FIG.18 b.
SFN

FIG.18 a
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.ot herwi se perform ng a second reproduction with relatively |ow perfornmance
under the optional node such that the number of the nusical tones
concurrently reproduced under the optional node is reduced as conpared to
that under the normal node; and performng a third reproduction with
addi ti onal performance under the optiignafznode for digitally processing
t he designated waveform to inpart a specific sound effect to the
correspondi ng nusical tone according to the program
(42}
—
\

-\

Nl p——
o E\ | Z .
3 2 >
Ze L ol
3 e {&E
M= 2e 58
ALl é%gﬂ 2 Eg** y
— T R0 | — T - ,
R0 § ——
[ = - _ Ei ____§§ EE
N | —_—
—_— < P
aN %O - ile
A By ~ust -8
> k- = e
O
== - 5 &
ém Z
O
= ]
6317p] /9
J —

I —
| TIMER | - CPU
105

CONTROLLER |
1\06

y

RIBBON

09
) , ) [
PANEL | [Fs cLock
PADS I DISPLAYI SW | GENERATOR
Y
Y




_95;_"30. A nmachi ne-réadabl e nedi a accofdi ng to claim?29, wherein the s
of “swi tching conprises sw tching between the normal nopde _and a

REPLACEMENT SHEET

What is claimed is :

1.

96
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A computerized music apparatus installed with a program which is

~ executed to perform reproduction of a musical tone by reading out

a corresponding waveform, the apparatus comprising;:

storage means for storing a plurality of waveforms corresponding
to different musical tones, each waveform being stored in the form
of a sequence of amplitude value data arranged at a given sampling
period;

designating means for 'designating at least one of the stored
wéveforms to command reproduction of a corresponding one of the
musical tones;

switching means operable by a user for switching the reproduction
of the musical tone between a normal mode and an optional mode;
and |

reproducing means allotted with relatively high performance under
the normal mode for concurrently reading out a number of the
designated waveforms from the storagé means according to the
program so as to concurrently reproduce the number of the
corresponding musical tones, otherwise the reproducing means
being allotted with relatively low performance under the optional

mode such that the number of the musical tones concurrently

I ML



filfer optional node such that the third reproduction is perfornmed
under the filter optional node for digitally processing th

desi gnated waveformby filtering to inpart the specific so rﬂEPLAf‘EMtRT oHEtT
effect. 31. (Amended) A machine-readable- ‘medi a accor dijng
wherein the step of switching conprises switching between jth 06 MAY 1988
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reproduced under the optional mode is reduced as compared to that
under the normal mode while the reproducing means is allotted with
additional performance under the optional mode for digitally
processing the designated waveform to impart a specific sound

effect to the reproduced musical tone according to the program.

2. (Amended) A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable between
the normal mode and a filter optional mode such that the
reproducing means operates under the filter optional mode for
digitally processing the designated waveform by filtering to impart

the specific sound effect.

3. (Amended) A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable between
the normal mode and a pitch optional mode such that the
reproducing means operates under the pitch optional mode for
digitally processing the designated waveform by changing reading
speed of the designated waveform to impart the specific sound

effect.
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reproduction is perfornmed under the pitch optional nobde fo

mode and a pitch optional mode such that the thirfl REPLACEMENT SHEET

‘digitally processing the designated waveform by changi ngj r gagi
speed of the designated waveformto inpart the specific sb.mg BEMAY 1998

ef f ect.

32. A machi ne-readabl e nedia according to cl gi m 31T, Wwheretn

nmet hod further conprises the step of specifying a pitchjof a nusical

#hel
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A computerized music apparatus according to claim 3, further
comprising pitch specifying means operable by the user for
specifying a pitch of a musical tone to be reproduced so that the
rei)roducing means operates under the pitch optional mode to impart
the pitch specified by the pitch specifying means to the reproduced

musical tone

A computerized music apparatus according to claim 4, wherein the
designating means and the pitch specifying means comprise a
common implement manually operable by the user such that the
common implement is used as the designating means for
designating the waveform under the normal mode while the
common implement is used as both of the designating means for
designating the waveform and the pitch specifying means for
specifying the pitch of the musical tone corresponding to the

designated waveform.

(Amended) A computerized music apparatus according to claim 1,
wherein the switching means comprises means switchable between
the normal mode and a scratch optional mode such that the

reproducing means operates under the scratch optional mode for

* < L M S *




tone to be reproduced by the user so that the third reprad
perfornmed under the pitch optional node to inpart the pitic WPLNCE!\H?MT SHEET

'specified by the step of specifying to the reproduced WSLCP gteo?lfA‘{ 1998

79
digitally processing the designated waveform by irregularly
changing reading addresses of the designated waveform to impart

the specific sound effect.

7. A computerized music apparatus according to claim 6, further
comprising a scratch implement manipulated by the user to input
scratch operation so that the reproducing means operates under the
scratch optional mode for changing the reading addresses of the

designated waveform according to the inputted scratch operation.

8. (Amended) A computerized music apparatus installed with a
program which is executed to perform reproduction of a musical
tone by reading out a corresponding waveform, the apparatus
comprising:
storé.ge means for provisionally storing a plurality of waveforms
corresponding to different musical tones, each waveform being
stored in the form of a sequence of amplitude value data arranged
at a given sampling period;
designating means for designating at least one of the stored
waveforms to command reproduction of a corresponding one of the

musical tones;

TN O D



96 *33. (Amended) A machi ne-readabl e nedia according to cl ai ,
wherein the step of switching conprises sw tching between h@Eﬁ%CEMENErWET

node and a scratch optional node such that the third B r ¢production
performed under the scratch optional node for digi‘ta] Iy Pr@d¥A¥ieeg
t he desi gnated waveform by irregularly changi ng readj nfj_addresses of

t he desi gnated waveformto inpart

80

receiving means for receiving a fresh waveform on a real time basis
when the fresh waveform is inputted from an external source;
switching means operable by a user for switching the reproduction
of the musical tone between a normal mode and an optional mode;
and

reproducing means operative under the normal mode for reading out
the stored waveform designated by the designating means from the
storage means according to the program so as to reproduce the
rﬁusical tone corresponding to the designated waveform, otherwise
the reproducing means being operative under the optional mode for
suspending the reading of the stored waveform designated by the
designating means and instead for processing the fresh waveform
received by the receiving means so as to reproduce the musical tone
corresponding to the fresh waveform such that a specific sound
effect is imparted to the reproduced musical tbne according to the

program.

| 9. (Amended) A computerized music apparatus according to claim 8,
wherein the reproducing means includes filtering means operative
under the optional mode for processing the fresh waveform by

digital filtering to thereby impart the specific sound effect.
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the.’speci fic sound effect. 34. A machi ne-readabl e nedi a d%ERLAGEMENTOSH[ET

claim 33, wherein the met hod further conprises the s}ep—ef—p+ov-di-hg
a scratch inpl enment for inputting scratch operation ko
third reproduction is per f ormed under the scratch opfi Qqugggiggﬁ
changi ng the readi ng addresses of the designated wavgef Inlauuunu:u
to the inputted scratch operati on.
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10. (Amended) A computerized music apparatus according to claim 8,
wherein the reproducing means includes scratching means operative
under the optional mode for irregularly processing the fresh

waveform to thereby impart the specific sound effect.

11. (Amended) A computerized music apparatus according to claim 10,
further comprising a scratch implement manipulated by the user to
input scratch operation so that the scratching means operates
according to the inputted scratch operation for irregularly changing
reading addresses of the fresh waveform which is temporarily stored
after the same is received by the receiving means to thereby

reproduce a musical tone with a scratch effect.

12. A music apparatus for reproducing a musical tone By reading out a
corresponding waveform according to a variable reading address so
as to introduce a scratch effect into the reproduced musical tone in
response to touch action, the music apparatus comprising:
storing means for storing a waveform in the form of a sequence of
amplitude value data arranged at a given sampling period to
represent a corresponding musical tone;

a detecting implement having a length to receive the touch action

-_
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35. (Anmended) A nachi ne-readabl e nedia containing a progr 4 r
causing a conputerized nusic apparatus to performa ﬁet %o n%éﬁ‘ACEMENT SHEET

reproducing a nusical tone by reading out a corresponding wavef or m
the method conprising the steps of " provisionally $tqrith§ MAY 1998
plurality of waveforns corresponding to di fferent Lcal tones inja

st orage, each waveform being stored in

82 . —
for detecting a point of the touch action along the length and for
outputting a positional value corresponding to the detected point of
the touch action;

retrieving means for periodically retrieving the positional value
outputted from the detecting implc;,ment to monitor the touch action;
and

reproducing means for variably determining each reading address
according to the retrieved ones of the positional values and for
successively reading out the waveform from the storage means
according to each determined reading address so as to reproduce the
corresponding musical tone with the scratch effect,

wherein the reproducing means comprises means operative when
the touch action is initiated for starting to read out the waveform
from a predetermined start reading address, and being operative
during the course of the touch action for continuing to successively
read out the waveform according to each determined reading

address.

13. A music apparatus for reproducing a musical tone by reading out a
corresponding waveform according to a variable reading address so

as to introduce a scratch effect into the reproduced musical tone in

N
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the formof a sequence of anpli tﬁde val ue data arr I
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response to touch action, the music apparatus comprising:

storing means for storing a waveform in the form of a sequence of
amplitude value data arranged at a given sampling period to
represent a corresponding musical tone;

a detecting implement having a length to receive the touch action
for detecting a point of the touch action along the length and for
outputting a positional value corresponding to the detected point of
the touch action;

retrieving means for periodically retrieving the positional value
outputted from the detecting implement to monitor the touch action;
and

reproducing means for variably determining each reading address
according to the retrieved ones of the positional values and for
successively reading out the waveform from the storage means
according to each determined reading address so as to reproduce the
corresponding musical tone with scratch effect,

wherein the retrieving means comprises means for differentially
processing the periodically retrieved positional values to compute
a velocity of the touch action, and

wherein the reproducing means comprises means for determining

a variable number according to the velocity of the touch action and
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destgnating at |east one of the stored waveforns to co
reproduction of a correspondi ng one of the nusical tone
a fresh waveformon a real tinme basis when the fresh

i nputted froman external source; 3 provi ding-a no
optional node for the reproduction of the nusica

performng a first reproduction under the normal node fo

out the stored waveform desi gnated by th§4step of desig
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for accumulating the variable number to a preceding reading

address to determine a succeeding reading address.

14. (Amended) A music apparatus for reproducing

a musical tone by

reading out a corresponding waveform according to a variable

reading address so as to introduce a scratch effect into the

reproduced musical tone in response to touch

apparatus comprising;

action, the music

input means for inputting a waveform from an external source

continually;

storing means for storing the waveform in the form of a sequence

of amplitude value data arranged at a given sampling period to

represent a corresponding musical tone into a storage means;

a detecting implement having a length to receive the touch action

for detecting a point of the touch action along the length and for

outputting a positional value corresponding the detected point of the

touch action;

retrieving means for periodically retrieving the positional value

outputted from the detecting implement to monitor the touch action;

reading means for genérating an address according to the retrieved

positional value and for successively reading out the waveform
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t he- storage according to the programso as to reproduce the n%EE%EMENT SHEET
tone corresponding to the designated waveform and of hg¢rw se
‘performng a second reproduction under the optional D eDfBrMAV 1998
suspendi ng the reading ofthe stored waveform desi gnat ed by the step
of designating and instead for processing the fresh Wwavef or m

received by the step of receiving so as to reproduce the nusi cal

tone corresponding to the fresh vvaveforr’gssuch that a

from the storage means according to the address; and

reproducing means for reproducing a musical tone according to the
waveform, wherein when the touch action is not detected by the
detecting implement, the storing means continue to store the
inputted waveform and the reproducing means reproduce the
musical tone corresponding to the inputted waveform without the
scratch effect, and when the touch action is detected by the
detecting implement, the storing means suspends storing of the
waveform and the reproducing means reproduce the musical tone
corresponding the waveform read out by the reading means with the

scratch effect.

15. (Amended) A music apparatus according to claim 14, wherein the
storage means has a memory capacity sufficient to store a complete
data volume of a fresh waveform newly inputted from the external

source on a real time basis.

16. A method of operating a computerized music apparatus installed
with a program which is executed to perform reproduction of a
musical tone by reading out a corresponding waveform, the method

comprising the steps of:
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spécific sound effect is inparted to the reproduced nusi JaREPLAREMENT SHEET
according to the program 36. (Amended) A nmchi ne-readall e medr=
according to claim 35, . - 0 6 MAY 1908
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storing a plurality of waveforms corresponding to different musical
tones in a storage, each waveform being stored in the form of a
sequence of amplitude value data arranged at a given sampling
period;

designating at least one of the stored waveforms to command
reproduction of a corresponding one of the musical tones;
switching the reproduction of the musical tone between a normal
mode and an optional mode by a user;

performing a first reproduction with relatively. high performance
under the normal mode for concurrently reading out anumber of the
designated waveforms from the storage according to the program so
as to concurrently reproduce the number of the corresponding
musical tones;

otherwise performing a second reproduction with relatively low
performance under the optional mode such that the number of the
musical tones concurrently reproduced under the optional mode is
reduced as compared to that under the normal mode; and
performing a third reproduction with additional performance under
the optional mode for digitally processing the designated waveform
to impart a specific sound effect to the corresponding musical tone

according to the program.
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98 - wherein the second reproduction is perforned u ' ‘
nmode for processing the fresh waveformby digital filter] rﬁ’@PLBCEW'F T SHEET

thereby inpart the specific sound effect. 37. (Amended
machi ne-readabl e medi a according tfo claim35, - whelr e ngtwemﬁqugsd
reproduction is perforned under the optional

87

17. (Amended) The method of operating a computerized music
apparatus according to claim 16, wherein the step of switching
comprises switching between the normal mode and a filter optional
mode such that the third reproduction is performed under the filter
optional mode for digitally processing the designated waveform by

filtering to impart the specific sound effect.

18. (Amended) The method of operating a computerized music |
apparatus according to claim 16, wherein the step of switching
comprises switching between the normal mode and a pitch optional
mode such that the third reproduction is performed under the pitch
optional mode for digitally processing the designated waveform by
changirig reading speed of the designated waveform to impart the

specific sound effect.

19. Themethod of operating a computerized music apparatus according
to claim 18, further comprising the step of specifying a pitch of a
musical tone to be reproduced by the user so that the third
reproduction is performed under the pitch optional mode to impart
the pitch specified by the step of specifying the reproduced musical

tone.
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node for irregularly processing the fresh waveformto ther

.__t,he specific sound effect. 38. (Anmended) A machi ne-read ﬁ@p@@gi\,@h@ﬁéﬁ
according to claim 37, wherein the nethod further cdnjdrises the ste

of providing a
that the second
scrat ch

20.

21.

22.

scratch inplement for inputting scrafch dpbrMAYoi3380
reproduction is perfornmed accordingjtq_the inputted

88

(Amended) The method of operating a computerized music
apparatus according to claim 16, wherein the step of switching
comprises switching between the normal mode and a scratch
optional mode such that the third reproduction is performed under
the scratch optional mode for digitally processing the designated
waveform by irregularly changing reading addresses of the

designated waveform to impart the specific sound effect.

The method of operating a computerized music apparatus according
to claim 20, further comprising the step of manipulating a scratch
implement by the user to input scratch operation so that the third
reproduction is performed under the scratch optional mode for
changing the reading addresses of the designated waveform

according to the inputted scratch operation.

(Amended) A method of operating a computerized music apparatus
installed with a program which is executed to perform reproduction
of a musical tone by reading out a corresponding waveform, the
method comprising the steps of:

provisionally storing a plurality of waveforms corresponding to

different musical tones in a storage, each waveform being stored in

R




operation for irregularly changing reading addresses of tineREP,
waveformwhich is tenporarily stored after the same is re e WEMENT SHEEF

. thereby reproduce a musical tone with a scratch effect. AH
machi ne-readabl e medi a contai ning instructions for causin 06 Avn’rﬂggc
apparatus to performa nethod of reproducing a nusical to e
readi ng out a correspondi ng waveform according to a vari readl ng

address so as to i ntroduce a scratch effggt into the

the form of a sequence of amplitude value data arranged at a given
sampling period;

designating at least one of the stored waveforms to command
reproduction of a corresponding one of the musical tones;
receiving a fresh waveform on a real time basis when the fresh
waveform in inputted from an external source;

switching the reproduction of the musical tone between a normal
mode and an optional mode by a user;

performing a first reproduction under the normal mode for reading
out the stored waveform designated by the step of designating from
the storage according to the program so as to reproduce the musical
tone corresponding to the designated waveform; and

otherwise performing a second reproduction under the optional
mode for suspending the reading of the storéd wavéform designated
by the step of designating and instead for processing the fresh
waveform received by the step of receiving so as to reproduce the
musical tone corresponding to the fresh waveform such that a
specific sound effect is imparted to the reproduced musical tone

according to the program.

23. (Amended) The method of operating a computerized music
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99 - reproduced nusical tone in response to touch action, the nethod

conprising the steps of:

24.

25.

26.

REPLACEMENT SHEET

0 6 MAY 1993
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apparatus according to claim 22, wherein the second reproduction
is performed under the optional mode for processing the fresh
waveform by digital filtering to thereby impart the specific sound

effect.

The method of operating a computerized music apparatus according
to claim 22, wherein the second reproduction is performed under the
optional mode for irregularly processing the fresh waveform to

thereby impart the specific sound effect.

The method of operating a computerized music apparatus according
to claim 24, further comprising the step of manipulating a scratch
implement by the user to input scratch operation so that the second
reproduction is performed according to the inputted scratch
operation for irregularly changing reading addresses of the fresh

waveform which is temporarily stored after the same is received to

thereby reproduce a musical tone with a scratch effect,

A method of operating a musical apparatus for reproducing a
musical tone by reading out a corresponding waveform according

to a variable reading address so as to introduce a scratch effect into

) AL R




storing a waveforminto a storage in the formof a sequence of
val ue data arranged at a given sanpling period to represeft=2
‘correspondi ng nusi cal tone; operating a detecting inpl enentRﬁ%%ﬁﬂEm SHEET

anpl i tude

|l ength to receive the touch action for detecting a point pfJThe touch

action along the
corresponding to

| ength and for outputting a positional val e 6 MAY 1998

the detected point of the touch action;
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the reproduced musical tone in response to touch action, the method
comprising the steps of:

storing a waveform into a storage in the form of a sequence of
amplitude value data arranged at a given sampling period to
represent a corresponding musical tone;

operating a detecting implement having a length to receive the
touch action for detecting a point of the touch action along the
length and for outputting a positional value corresponding to the
detected point of the touch action;

periodically retrieving the positional value outputted from the
detecting implement to monitor the touch action;

variably determining each reading address according to the
retrieved ones of the positional values; and

performing reproduction for successively reading out the waveform
from the storage according to each determined reading address so
as to reproduce the corresponding musical tone with the scratch
effect,

wherein the reproduction is performed when the touch action is
initiated for starting to read out the waveform from a predetermined
start reading address, and the reproduction is performed during the

course of the touch action for continuing to successively read out
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periodically retrieving the positional value outputted fromthe detecting

I npl ement to nonitor the action; variably determ ning eagh }

according to the retrieved ones of the positional valgues; REﬁ-%UP%I\E?%HEE.P
reproduction for successively reading ot the waveform frjomt r ]
according to each determ ned reading address so as to reprcdﬂ@ W %gg
correspondi ng nusical tone with the scratch effect,
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the waveform according to each determined reading address. |

27. The method of operating a music apparatus according to claim 26,
wherein the step of retrieving comprises differentially processing
the periodically retrieved positional value to compute a velocity of
the touch action, and wherein the step of performing reproduction
comprises determining a variable number according to the velocity
of the touch action and accumulating the variable number to a
preceding reading address to determine a succeeding reading

address.

28. (Amended) A method of operating a musical apparatus for
reproducing a musical tone by reading out a corresponding
waveform according to a variable reading address so as to introduce
a scratch effect into the reproduced musical tone in response to
touch action, the method comprising the steps of:
inputting a waveform from an external source continually;
storing the [a] waveform into a storage in the form of a sequence of
amplitude value data arranged at a given sampling period to
represent a corresponding musical tone;

operating a detecting implement having a length to receive the

* c L M S *




wherein the reproduction is performed when the touch action is i ni tiated

for starting to read out the waveformfrom a predetermaed—ﬁ-(—af-t——r-ead-r-ng]]
address, and the reproduction is perfornmed during the {REPFLACBMENReSHERTC
action for continuing to successively read out

0 6 MAY 1098

93

touch action for detecting a point of the touch action along the
length and for outputting a positional value corresponding to the
detected point of the touch action;

periodically retrieving the positional value outputted from the
detecting implement to monitor the touch action;

generating a reading address according to the retrieval positional
value and successively reading out the waveform from the storage
according to the reading address; and

reproducing a musical tone according to the waveform, wherein
when the touch action is not detected by the detecting implement,
the step of storing the inputted waveform continues and the musical
tone corresponding to the inputted waveform is reproduced without
the scratch effect, and when the touch action is detected by the
detecting implement, the step of storing is suspended and the
musical tone corresponding to the waveform reaci out in the step of

reading is reproduced with the scratch effect.

29. (Amended) A machine-readable media containing a program for
causing a computerized music apparatus to perform a method of
reproducing a musical tone by reading out a corresponding

waveform, the method comprising the steps of:
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40.
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t he waveform according to each determ ned readi ng address.

A machi ne-readabl e nedi a according to claim 39, wherei
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retrieving conprises differentially processing the peri
retrieved positional values to conpute-a velocity of the tpu
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storing a plurality of waveforms corresponding to different musical
tones in a storage, each waveform being stored in the form of a
sequence of amplitude value data arranged at a given sampling
period;

designating at least one of the stored waveforms to command
reproduction of a corresponding one of the musical tones;
providing normal mode and an optional mode for the production of
the musical tone;

performing a first reproduction with relatively high performance
under the normal mode for concurrently reading out a number of the
designated waveforms from the storage according to the program so
as to concurrently reproduce the number of the corresponding
musical tones;

otherwise performing a second reproduction with relatively low
performance under the optional mode such that the number of the
musical tones concurrently reproduced under the optional mode is
reduced as compared to that under the normal mode; and
performing a third reproduction with additional perfonﬁance under
the optional mode for digitally processing the designated waveform
to impart a specific sound effect to the corresponding musical tone

according to the program..
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action, and wherein the step of perform ng reproduction co

SES

determ ning a variabl e nunber according to the velocity of W%%DLACEMENH SHERT
action and accumul ating the variabl e nunber to a preceding readi g
address to deternine a succeeding readi ng address. 41. ArerﬂjﬁdMM 1098
machi ne-readabl e nmedi a containing instructions for aysing a nusic
apparatus to performa nethod of reproducing a nmusi aI tone Dy
readi ng out a correspondi ng wavef orm accordi ng l
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30. A machine-readable media according to claim 29, wherein the step
of switching comprises switching between the normal mode and a
filter optional mode such that the third reproduction is performed
under the filter optional mode for digitally processing the
designated waveform by filtering to impart the specific sound

effect.

31. (Amended) A machine-readable media according to claim 29,
wherein the step of switching comprises switching between the
normal mode and a pitch optional mode such that the third
reproduction is performed under the pitch optional mode for
digitally processing the designated waveform by changing reading
speed of the designated waveform to impart the specific sound

effect.

32. A machine-readable media according to claim 31, wherein the
method further comprises the step of specifying a pitch of a musical
tone to be reproduced by the user so that the third reproduction is
performed under the pitch optional mode to impart the pitch

specified by the step of specifying to the reproduced musical tone.

I

N



to a variable readi ng address so as to introduce a scratch effect into
the reproduced nusical tone response to touch action, the ngthed

34.

35.

conprising the steps of: i nputting a waveform from an éEPEA@EMENT SHEET
source continually: - storing-the[a] waveforminto a stjor
formof a sequence of anplitude val ue data arranged gt @ 6 MY 1
sanpling period to represent a correspondi ng nusi cal {tone; 9
96
33. (Amended) A machine-readable media according to claim 29,

wherein the step of switching comprises switching between the
normal mode and a scratch optional mode such that the third
reproduction is performed under the scratch optional ‘mode for
digitally processing the designated waveform by irregularly
changing reading addresses of the designated waveform to impart

the specific sound effect.

A machine-readable media according to claim 33, wherein the
method further comprises the step of providing a scratch implement
for inputting scratch operation so that the fhird reproduction is
performed under the scratch optional mode for changing the reading
addresses of the designated wa\}eform according to the inputted

scratch operation.

(Amended) A machine-readable media containing a program for
causing a computerized music apparatus to perform a method of
reproducing a musical tone by reading out a corresponding
waveform, the method comprising the steps of:

provisionally storing a plurality of waveforms corresponding to

different musical tones in a storage, each waveform being stored in

N
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operating a detecting inplenment having a length to receive the
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touch action for detecting a point of the touch actio

along the
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the form of a sequence of amplitude value data arranged at a given
sampling period;

designating at least one of the stored waveforms to command
reproduction of a corresponding one of the musical tones;

receiving a fresh waveform on a real time basis when the fresh

waveform is inputted from an external source;

providing a normal mode and an optional mode for the reproduction
of the musical tone;

performing a first reproduction under the normal mode for reading
out the stored waveform designated by the step of designating from
the storage according to the program so as to reproduce the musical
tone corresponding to the designated waveform; and

otherwise performing a second reproduction under the optional
mode for suspending the reading of the stored waveform designated
by the step of designating and instead for processing the fresh
waveform received by the step of receiving so as to reproduce the
musical tone corresponding to the fresh waveform such that a
specific sound effect is imparted to the reproduced musical tone

according to the program.

(Amended) A machine-readable media according to claim 35,
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| ength and for outputting a positional value corresponding _
point of the touch action; periodically retrieving the po iREPbAGEMENTlEHEET
outputted fromthe detecting inplenment to nonitor the toychfacttoen:
generating a readi ng -address according to the retrieval Sifi I
and successively reading out the waveformfromthe storag acg?M%ﬁ%
the readi ng address; and reproducing a nusical tone acconfdi Ny Tothe—i
wavef orm wherein
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wherein the second reproductibn is performed under the optional
mode for processing the fresh waveform by digital filtering to

thereby impart the specific sound effect.

37. (Amended) A machine-readable media according to claim 35,
wherein the second reproduction is performed under the optional
mode for irregularly processing the fresh waveform to thereby

impart the specific sound effect.

38. (Aniended) A machine-readable media according to claim 37,
wherein the method further comprises the step of providing a
scratch implement for inputting scratch operation so that the second
reproduction is performed according to the inputted scratch
operation for irregularly changing reading addresses of the fresh

waveform which is temporarily stored after the same is received to

thereby._reproduce a musical tone with a scratch effect.

39. A machine-readable media containing instructions for causing a
music apparatus to perform a method of reproducing a musical tone
by reading out a corresponding waveform according to a variable

reading address so as to introduce a scratch effect into the
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whenh the touch action is not detected by the detecting inpl

of storing the inputted waveform conti nﬁes and the mjgi caP %%QEMENWES%#)
corresponding to the inputted waveformis reproduced wi t hput tEIe scratch
effect, and when the touch action is detected by the detgcti fg0iMAY <88kt
the step of storing is suspended and the nusical tone cofreésponding to the

waveformread out in the step of reading is reproduced wyth the scratch
ef fect.
99

reproduced musical tone in response to touch action, the method
comprising the steps of:
storing a waveform into a storage in the form of a sequence of
amplitude value data arranged at a given Sampling period to
represent a corresponding musical tone;
operating a detecting implement having a length to receive the
touch action for detecting a point of the touch action along the
length and for outputting a positional value corresponding to the
detected point of the touch action;
periodically retrieving the positional value outputted from the
detecting implement to monitor the action;
variably determining each reading address according to the
retrieved ones of the positional values; and

~ performing reproduction for successively reading out the waveform
from the storage according to each determined reading address so
as to reproduce the corresponding musical tone with the scratch
effect,
wherein the reproduction is performed when the touch action is
initiated for starting to read out the waveform from a predetermined
start reading address, and the reproduction is performed during the

course of the touch action for continuing to successively read out
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the waveform according to each determined reading address.

40. A machine-readable media according to claim 39, wherein the step
of retrieving comprises differentially processing the periodically
retrieved positional values to compute a velocity of the touch
action, and wherein the step of performing reproduction comprises
determining a variable number according to the velocity of the
touch action and accumulating the variable number to a preceding

reading address to determine a succeeding reading address.

41, (Amended) A machine-readable media containing instructions for
causing a music apparatus to perform a method of reproducing a
musical tone by reading out a corresponding waveform according
to a variable reading address so as to introduce a scratch effect into
the reproduced musical tone response to touch action, the method
comprising the steps of:
inputting a waveform from an external source continually:
storing thef[a] wavefoi'm into a storage in the form of a sequence of
amplitude value data arranged at a given sampling period to
rei:aresent a corresponding musical tone;

operating a detecting implement having a length to receive the



REPLACEMENT SHEET
0 6 MAY 1938

101

touch action for detecting a point of the touch action along the
length and for outputting a positional value corresponding to the
detected point of the touch action;

periodically retrieving the positional value outputted from the
detecting implement to monitor the touch action;

generating a reading address according to the retrieval positional
value and successively reading out the waveform from the storage
according to the reading address; and

reproducing a musical tone according to the waveform, wherein
when the touch action is not detected by the detecting implement,
the step of storing the inputted waveform continues and the musical
tone corresponding to the inputted waveform is reproduced without
the scratch effect, and when the touch action is detected by the
detecting implement, the step of storing is suspended and the
musical tone correspdnding to the waveform read out in the step of

reading is reproduced with the scratch effect.
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