Tone Processing Method and Device - The present invention relates
generally tea tone - processi ng nethod and device which generally
betong to a technical field of inparting effects to tone signals, and
5 more particular|]y to a technique which permts an efficient

di stribution of nicroprocessor resources when a sane m cr opr ocessor
executes effect inparting processing and ot her pr-ocessi ng.

The present invention further relates to an effect 10 inparting device
whi ch includes a'.conputer such as a perspnal conputer and inparts
various tonal effects, such as reverberation, chorus and distortion,
-to audi o signals t hrough arithnetic operations perfornmed by the
.conput er. :

Tone Processing Method and Device

The present invention relates generally to a toné
.processing method and device which generally belong to a
technical field of imparting effects to tone signals, and

5 more particularly to a technique which permits an efficient
distribution of microprocessor resoﬁrces when a same
microprocessor executes effect imparting processing and.othef
processing.

' The present invention further relates to an effect

10_ imparting device which includes a domputer such as a peisonal

computer and imparts various ‘tonal effects, such as

reverberation, chorﬁs and distortion, to audio 'signals
through arithmetic operations performed by the computerf

In many known electrbnic musical instruments, there is

15 employed é_nﬁcrgprocessor, such as a DSP (digital signal
| processor), which executes effect imparting processing to
impart predetermined or desired effects (e.g., delay-based
- effects such as reverberation) to tone signals. U. S. Patent
No. 4,731,835 discloses an effect imparting technique using

'20 a DsSP.
| If the microprocessor is designed to execute no other

processing than the effect imparting processing, then all the



I n many known el ectronic nusical instrunents, there is 15 enployed a

m cr oprocessor, such as a DSP (digital signal processor), which
exgcutes effect inparting processing to i npart predeterm ned or
desired effects (e.g., del ay-based effects such as reverberation) to
tone signals. U S. Patent No. 4,731,835 discloses an effect inparting
techni que using 20 a DSP. If the m croprocessor is designed to
eTFcuLe no ot her processi ng than the effect inparting processing, then
all the ' -2 - - 2- '

m cr opr ocessor resources can be used exclusively for the ef fect .

| nparting processing. However, in cases where the m cr oprocessor is
desi gned t misxmpracddsorf resourgpar tdary be usedhcesclugivelpafar etheit h
other processing (e.g., a tone 5 generating processing) or to execute the
ef fect inpaffeqt impaptiegspragessibgdi viHOWRNETy Nt FA§ERe WHRTR cER®ng
wthin a . predetermned tine period, the total anD%EE of ¢al cu] ation
necessary MHCHIREQIGI[/AT | hHaferignpdoles SFRGULRY thehGtfect imparting

processing in parallel with other processing (e.g., a tone .
5 geﬁerating processing) or to execute the effect imparting
processing time-divisionally with other processing within a
predetermined time period, the total amount of calculation
neeessary for the effect imparting processing and other
'processing would exeeed the limited computing capability of
10 the microprocessor, or the total amount of calculation would
fall far below the microprocessor's computing capability so
that.the comﬁuting capability could not be fully utilized,
due to the faet that the amount of calculationlnecessary for
the other processing significantly'increases or decreases
15 over time. U. S. Patent No. 5,319,151 dicloses a technique
for producing a tone signal by executing a'predetermiﬁed
computer program of tone generating proeessing.
Further,. owing - to the high-performance 'personal
computers available today, more sophisticated electronic
20 musical instruments have been developed, which ere capable
of executing tone synthesis or effect imparting processing
through arithmetic operations by a CPU of the computer. Many
of the instrumeets are equipped with a funetion to execute
effect imparting processing on audie signals and other
25 application software in a parellel.fashion.

Generally, the effect imparting processing to impart a



processi ng woul d exceed the Iinifed conputing capability of 10 the

m cr oprocessor, or the total anount of cal cul ati on woul d fall far
bel ow the microprocessor's conputing capability so that the conputing
capability could not be fully utilized, due to the fact that the
amount - of cal cul ati on necessary for t he ot her processing significantly
I ncreases or decreases 15 over tine. - U S Patent No. 5,319, 151 dicl oses
a technique for producing a tone signal by executing a predeterm ned
conputer program of tone generating procgssing. Further, ow ng
to the high-performance personal conputers avail abl e today, nore

sophi sticated electronic 20 nusical instrunents have been devel oped,

whi ch are gaaldberatioriefbeeiicmgheoltkeybhteivesoa wélativehpagteant
processi ng t hrough arithnmetic operations by a CPU of the conputer.
Many aimduret | o€t reabowbatien eqsingedawi considepablen partexofutthe
effect inparting processing on audio signals and other 25 application
sof twar e i dimigedidasiputisiy eepability of theeparsonal eOBPYERY ., i WHEFR| ng

processing to inpart a . . .
would often prevent the other application software from being

5 executed properly without interference from, thg_.effect
imparting processing. Further, although the effect imparting
processing for a reverberation effect or the like should be
continually executed as long as audio signals to be processed
are Supplied or input, it neéd not be executed when there is

10 no audio signal input. However, because the above-discussed
conventionally known electronic musical instruments are
designed to exequte the effect imparting processing
continually irrespective of presence/absence.of audio signal
inpﬁt, arithmetic operations are performed wastefully even

15 during'a period when there is no audio signal input, and such
wasteful arithmetic operations would undesirably preveht'
proper execution of other application software.

It is therefore an object of the present invention to
provide a tone processing method and device which permit an

20 efficient distribution of microprocessor resources in cases
where effectﬂimparfing processing to impart an effect to a
tone signal and other proceséing are executed by a same
microprocessor.

It is another object of the present invention to provide

25 an effect imparting device which is capable of efficiently

executing effect imparting processing on an audio signal



- 3- reverberation effect or the like involves a relatively great
amount of cal culation using a considerable -part of the limted
canmputing capability of the personal conputer, which woul d often
prevent the other application software frombeing 5 executed properly

w thout interference from the effect | nparting processing. Further,
alt hough the effect inparting processing for a reverberation effect or
the |Iike should be continually executed as long as audio signals to.be
processed are supplied or input, itgneed not be executed when there is
10 no audio signal input.. However, because the above-di scussed '
conventionally known el ectronic nusical instrunents are designed to
execut e t hayigfHoacd | npasting pr ehessi ngpmputingont | capabylityesped i vea of
presence/ absence of audi o signal input, arithnetic operations are
perfornmed wdsimiprtdoessaoan. 15 during a period when there is no audio
signal input, and such wast eful arithmetic operations woul d
undesirably previmtorder gpopecompddsghi dheombgvgmmenddianes ihiahtmet e.

It is therefore an object of the present_,invention_to pr%vi d t one
processi ng RIS RFeFRSEENY cBethreh sgsamding, to @ ELFSLi 8FPeGs(H bt*F on of

T SRt Sy BaSEnne SHESS PSRRI SRS Lo
a sane impart an effect to a supplied tope signal and other
processing by shared use of a éame microprocessér, and is
charaqterized in that it _comprises a first step of
controlling contents of the effect imparting processing
10 débending on an amount of calculation necessary for the other _'
processing, and a second Step. of executing the effect
imparting processing on the supplied tone signal in
accbrdance.with the contents controlled in the first step.
A tone generéting device according to a first aspect of
15. the present invention comprises a processor section for
executing effect imparting processing to impart an effect to
~a supplied tone signél and othex processing by shared use of
a same microprocessor, and a control section for'controlling
contents of the effect imparting processing depending on an
ZO amount of calculation necessary for the other prbcéssing.
According to the first éspect of the invention, as-the
amount of calculation necessary for the other processihg
varies over time, the contents of the efféct imparting
processing is controlled depending on the amount of

25 calculation necessary for the other processing, and the

effect imparting processing is executed in accordance with



nicrpprocesSor. ' It is another object of the present invention to
provide . 25 an effect inparting device which is capable of efficiently
executing effect inparting processing on an audi o signal
-4- wi t hout wasting t he conmput i ng capability of a
m croprocessor. In order to acconplish the above-nentioned
obj ects, a tone processing nethod according to a first aspect of the
5 present invention executes effect inparting processing to i mpart an
effect to a supplied tone signal and othger_ processi ng by shared use of
a same mcroprocessor, and is characteri'zed in that it conprises a
first step of controlling contents of the effect inparting processing
10 dependi nghedn HiusHoviitroiflehl adrtients neceName}yf owhehe thaerother
processing, and a second step of executing the effect I mparting
pr ocessi ng mroddmsingdnved vegne sébabiveély great amount of calculation,
the effect imparting processing is set to a lower grade to
feduce the amount of calculation necessary for the effect
5 imparting processing, so that more compdting capability of
the microprocessor can be allocated to the other processing.
Conversely, when the other application processing involves
a relatively small amount of calculation, the effect
imparting processing is set to a higher grade to allow a
10 higher-quality effect to be imparted a tone signal. This
arrangement permits an effiqieht ~distribution of the
microprocessor resourcés in executing the effect imparting
processing and other processing by shared use of the same
microprocessor.
15 A tone processing method according to a second aspect
of the present invention executes effect imparting processing
to impart an effect to a supplied tone signal and other
processing by shared use of a same microprocessor, and is
characterized in that it comprises a first step of
20 selectively 'designating a grade of the effect imparting
processing, and a second step of executing the effect
imparting processing. on the supplied tone signal in
accordance with contents corresponding to the . grade
designated in the first step. .

25 A tbne generating device according to a second aspect

of the present invention comprises a processor section for



accordance with the contents controlled in the first step. . A tone
generating device according to a first aspect of 15 the present invention .
conprises. a processor section for executing effect inparting
processing 'to inpart an effect to a supplied tone signal and other
processi ng by shared use of a same mcroprocessor, and a control
section for controlling contents of- the effect inparting processing
depending on an 20 anount of cal cul ati on necessary for the other

processi ng. According to the_fgrst aspect of the invention, as

" the amount of cal cul ation necessary for the other processing

varies over tine, the contents of the effect inparting . processing is

control | ed ekgmarling efiffedie impantting precessiing &oi dmppctcanaeffect the

ot her processing, and the effect inparting processing is executed in
accor dance asuypplied tone signal and other processing by shared use @fi¢

thus-controlled contents. Nanely, when the other rqcessiqg
i nvol ves a & el 88MQ¢| PLGFORTOSRAFFRL of ¥ cuPRt | ORSTrator tm?pcé?lf%  Eor

inpartin rocessjng is _set to | 0
P g pselec'l:iv V4 designat%.ng

V\gr. gq‘ra%dee ;[)9 the effect imparting

5 processing, the processor sectioﬁ executing the effect

imparting processing on the supplied tone signal in

accordance' with. contents corresponding to the grade

designated by the operator section.

According to the second éspect, when a player

10 selectively designaté a grade of the effect" imparting

processing, the processing is executed in éccbrdancelwith

contents corresponding to the designated grade. Thus, this

arrangement perﬁits an efficient distribution of the

microprocessor resources as in the first-aspect method and

15 device, by the player designating a grade depending on the

amount of calculation necessary for the other processing or

by the user adjusting ét desired timing while actually
listening to an effect-imparted generated tone.

A tone proceésing method according to a third aspect of

20 the present invention executes effect imparting processing

to impart an effect to a supplied tone signal and other

processing by shared use of a same microprocessor, and is

characterized in that it comprises a first stepléf detecting

a tone volume level of the supplied tone signal, and a second

25 step of executing the effect imparting processing on the tone

signal when the tone volume level detected in the first step



reduce the anount of cal cul ati on necessary for the effect 5 inparting
processing, so that nore conputing capability of the m croprocessor
can be .allocated to the other processing. . Conversely, when the other
application processing involves a relatively small amount of

cal cul ation, the effect | nparting processing is set to a higher grade
to.allowa 10 higher-quality effect to be inparted a tone signal. This
arrangenment permts an efficient distribution of the

m croprocessor resources in executing the effect inparting processi ng
and ot her processing by shared use of the sane m croprocessor. 15

A tone processing nethod according to a second aspect ~of the present

i nventi on ede@durd ebf ecthighar tthan @ predetegmined veliuepbut emittirgt to
- a supplied tone signal and other processi ng by shared use of a sane '
m cropr ocesxrGuiaiwh | of the céfifect eimpeating: lprogessingr PBeshe PR step
of 20 selectively designating a grade _of the effect inparting

pr ocessi ng,signaly when s ttopeovolumeudevgl: fetepted; in the; f3Est| fEeP
processing on the supplied tone signal ,in accordance wth contents
cor r espondi¥®y) 1HLT ¢t ng?%%épredegﬂﬁﬁ+ﬂﬁ%t%ﬁlVﬁ'the first step. 25

A one, generati ng gl o SRR A SERIMNPU o tnicd bt 53N

 the present invention comprises a detecting section for

detecting a tone volume level of a supplied tone signal, a

processor section for executing effect imparting prodessing

to impart an effect to the supplied tone signal and other

10 prodgssing, and an instructing sectioﬁ.for instructing the

processor section to omit execution of the effect imparting

processing when the tone volume level detected by the
detecting section is lower than a predetermined value.

According to the third aspect, a tone volume level of

15 each supplied tdne signal is detected, and when the detected

tone volume level is lower than the predetermined wvalue,

execution of the effect imparting processing on the signal

is omitted. Thus, when the vdlume level is below the

predetermined value such as when no tone is being sounded,

20 the entire'computing capability of the microprocessor can be

allocated to- the other processing without wasting the

computing capability in the effect imparting processing.

Thus, this arrangement also achieves an efficient

distribution of the microprocessor resources.

25 Further, the. present invention provides an effect

imparting device wich comprises a calculating section for



- 6- executing effect inparting processing to inpart an effect to

a supplied tone signal and ot her processing by shared use of a sane
m.croprocessor, and an operator section for sel ectively
designating a grade of the effect inparting 5 processing, the processor
section executing the effect | nparting processi.ng on the supplied tone
signal in accordance wth contents corresponding to the grade
desi gnated by the operator section. According to the second
aspect, when a player 10 selectively. glesignate a grade of the effect
i nparting processing, the processing is executed in accordance mnth
contents corresponding to the designated grade. Thus, this

ar r angenentpepeformingnvatious earithsetibuoperationse Saldrwaiqm#@kthor
resources as in the first-aspect method and 15 device, by the player
desi gnat i ngsecionie PeSSORTILAG oRRt h"@eratl%mﬁﬂ%” S ARt PEn KEERSEary

for the other processing or by the user ustin a qulred timng
mhlle aCtLEﬂmgprtlng process1ng to 'impart a pre eterm ect to an

audio signal, and a control section for discontinuing the
5 execution of the effect imparting processing when supply of
the audio signél is stopped continuously for a predetermined
time period and resuming the- e#ecution of the effect
imparting processing when the supply of the audio signal is

restarted.

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

Fig. 1 is a block diagram illustrating a general

15 structure of an electronic musical inétrument employing a
software tone generator in accordance with the present
;nvention; |

Fig. 2 is a diagram illustrating a basic functional
principle of the software tone generator, of Fig.'l;

20 Fig. 3 is a flowchart of a main routine executed by a
CPU of Fig. 1;

._Fig. 4 is a flowchart of an interrupt process executed
by the CPU; |
Fig. 5 is a diagram illustrating an example storage

25 format of an input buffer;



listening to an effect-inparted generated tone. | A tone processing
met hod according to a third aspect of 20 the present invention executes
effect inparting processing to inpart an effect to a supplied tone
si gnal and ot her processi ng by shared use of a sanme m croprocessor,
and is characterized in that it conprises a first step of detecting
a fone volune |evel of the supplied tone signal, and a second 25 step of
executing the effect inparting processing on the tone si gnal when the
tone volume | evel detected in the first gtep
-7- I's equal to or higher than a predeterm ned value but omtting
execution of the effect inparting processing on the tone si gnal when
~the tone vol une riyel eletiect£d flowdimrt r of sa emote-on seventr phacesse
predeterm ned value. 5 A tone processing device according to a third
aspect of executes (beseme CPWenti on conprises a detecting section for
detecting a tone volune |level of a supplied tone signal, a
' Fig. 7 is a diagram showing exemplary contents of tone

color data stored in a tone color storing region of a RAM of

5 Fig. 1;
Fig. 8 is a diagram showing a manner in which tone color
data are stored in a tone generator register;
Fig. 9 is a flowchart illustrating an example of tdhe

generator processing executed by the CPU;

10 Fig. 10 is a diagram showing a relationship among
various amounts of calculation neceésary for various
prodessing executed by the CPU;

Fig. 11 is a diagram illustrating a reverberation
imparting algorithm;

15 Fig. 12 is a block diagram outlining an algorithm for
tone generating processing;

Figs. 13A to 13C are diagrams illustrating examples of
storage formats of output buffers;
Fig. 14 is a flowchart illustrating another example of

20 the tone generator proceésing executed by the CPU;

Fig. 15 1is a block diagram illustrating another
embodiment. of the present invention; .

Figs.'16A to 16C are block diagrams showing_several

' examples of effect imparting processing executed in the

25 embodiment of Fig. 15;

Figs. 17A to 17D'are block diagrams showing examples of



processor section for executing effect inparting processing to inpart
an effect to the supplied tone signal and other 10 processing, and an

i nstructing section for instructing the processor section to omt
execution of the effect inparting processi ng when the tone vol une

| evel detected by the detecting section is lower than a predeternined
vat ue. - According to the third aspect, a tone volune |evel of 15
each supplied tone signal is detected, and when the detected tone
volume level is lower than the predeterqbned val ue, execution of the
effect inparting processing on the signal is omtted. Thus, when the
vol une |l evel is belowthe predet er m ned val ue such as when no tone is
bei ng soundeshtrdD over the ieffecdnjnpantiogppoocesging esecutedopnothesor
can be . al l ocated to the other processing without wasting the
conmput i ng cRkadinent of thktgefl2tt inparting processing. Thus, this
arrangenent - al so, _achieves an _efficient di stribution of the

m cropr ocessor rBt@ur d&s. 1828 1_’l°° FeiagEan lh‘éwjp?%sé‘ntreﬁ’m?'ﬁﬁon
provides aSiiefly procbdBLkbBieds hSe HetbaBMNERS ot SV 241 19
5 terms of functional interrelations among various hardware
components;
Fig. 19 is a block diagram illustrating details of the
reverberation imparting process executed in the embodiment
of Fig. 15; and

10 Fig. 20 is a flowchart illustrating exemplary behavior

of the embodiment of Fig. 15.

The present invention will be described hereinbelow in
relation to a case where hardware tone generating LSI and DSP
are replaced by computer programs describing tone generating

15 processing and effect imparting processing which are both run
by a single CPU (central processing unit). In the following
description, systems for such tone generating processing and
effect imparting proceséing ~will be collectively called
hereinafter a CPU tone generator or sOftware tone generator.

20 Fig. 1 is a block diagram illustrating a general
structure of an electronic musical instrument 18 including
the software tone generator to which is applied'the principle
of the present invention. The electronic musical instrument
18 is a music system based for example oﬁ a personal

25 computer. On the basis of MIDI (Musical Instrument Digital



- 8- performng various arithnetic operations, said cal cul ation
section performng an operation for execution of effect | nparting
processing to inpart a predetermned effect to an audi o signal, and a
control section for discontinuing the 5 execution of the effect inparting
processi ng when supply of the audi o signal is stopped continuously for
a predeterm ned ti-me period and resum ng the execution of the effect

i nparting processing when the supply of the audio signal is restarted.
10 For better understanding of thgjabove and ot her features of
the present invention, the preferred enbodi nents of the |nvent|on\MII
be described in greater detail belowwth reference to the

acconpanyi rintexface)s penfoxmance informatiofisupplied £ugmekotheyrMEPI
illustrating a general 15 structure of an electronic nusical instrunment
enpl oyi ng damusicakofingtrumepte (GWierabown) ninc kEINONIE WECH & HRLAYRE et

I nvention; Fig. 2 is adiagramillustrating a basic functlona
princi pl e deRFRIRANINLIREFBHEOYe iEhAL D CGFr PR '&“31‘2@1 instrypent3l8s 5

flomchart of a main rQutine executed b
causes a CPU 1 of the per\éonal computer to execute tone

5 generating processing (i.e., processing to generate tone
waveforn data having tonal characteristics, such as pitch and
color, as indicated by the MIDI performance information), as
well as effect processing (i.e., processing to impart an

- effect to a tone as indicated by MIDI performance information
10 or player's selection on an operation panel).
' To the_CfU-l are connected, via a data and address bus
10, a MIDI interface 2 for coﬁpling to another MIDI musical
instrurnent, a ROM (read-only memory) 3, a RAM (random-access
memory) 4, a timer 5, a keyboard 6, a display 7, a hard disk
15 device 8 and a DMA (direct memory access) circuit'9.

The hard disk device 8 has prestored thereon tone color
data (e.g., waveform data recorded using the PCM technique)
that are read out in response to performance information for
necessary processing. The RAM 4 has storage areas for

20 temporarily storing tone signals having been generated and
imparted effects. |

. The DMA circuit 9 executes a reproduction process based
on the known direct memorir access method, in which it
sequentially reads out from the RAM 4 tone signals, one by

25 one, in accordance with a reproduction sampllng freguency

(e.g., 48 kHz) of a D/A (digital-to- analog) converter 11 and



CPU of Fig. 1; : Fig. 4 is a flowhart of an interrupt procéss

executed by the CPU; Fig. 5is a diagramillustrating an
exanpl e storage 25 format of an input buffer;

-9- Fig. 6 is a flowhart of a note-on event process

executed by the CPU; Fig. 7 is a diagram show ng exenpl ary
contents of tone color data stored in a tone color storing region of a
RAM of 5 Fig. 1; ' Fig. 8 is a diagram showi ng a manner in which
tone col or data are stored in a toRg generator register;

Fig. 9is a flowhart illustrating an exanpl e of tone © generator
processi ng executed by the CPU, 10 Fig. 10 is a diagramshowi ng a

rel ati onshitramofers the vesadtsutndata stofthelB/A atonventeeskhry Asran

vaflgus example, the DMA circuit 9 executes this reproduction process

on 128 samples of the tone signals és a single processed

unit, and the DMA circuit 9 sets a predetermined time-shift

5 flag each time it initiates the reproduction process on a

single unit of the tone signals. Each tone signal converted

via the D/A converter 11 into analog representation is

audibly 'reproduced via a sound system 12 comprised 6f
amplifiers and speakers. |

10 In the hard disk 8, there may be stored various other

data'than the waveform data, such as automatic performance

data and éhord pfogression data and the above-mentioned

operating program. By prestoring the operating program in

the hard disk 8 rather than in the ROM 3 and loading the

15 operating program into the RAM 4, the CPU 1 can operate in

exactly fhe same way as where the operating program is stored

in the ROM 3. This greatly facilitates version-up of the

operation program, addition of an operating program, etc.

A CD-ROM (compact disk) 13 may be used as a removably-

20 attachable external recbrding~medium for recording wvarious

daté such as automatic performance data, chora progression

data and tone waveform data and an optional operating

program. Such an operating program and data stored in the

CD-ROM 13 can be read out by a CD-ROM drive 14 to be

25 transferred for stbrage into. the hard disk 8. This

facilitates installation and versidn-up of the operating



processi ng executed by the CPU, Fig. 11 is a diagramillustrating

a reverberation I nparting algorithm 15 Fig. 12 is a block

di agram out i ni ng an al gorithm for t one generating processing;

Figs. 13A to 13C are diagrans illustrating exanpl es of storage formats
of output buffers; - Fig. 14 is-a flowhart illustrating another
exanmple of 20 the tone generator processing executed by the CPU;

Fig. 15 is a block diagramillustrating another . - enbodi nent of the
present invention; Figs. 16A 44 16C are bl ock diagranms show ng
sever al exanpl es of effect inparting processing executed in the 25
enbodi nent of Fig. 15; Figs. 17A to 17D are bl ock di agrans

showi ng exafbgasandf The removably-attachable external recording-mé@ium
control over the effect inparting processing executed in the
enbodi ment mHy Fbg. otfyer. than the CD-ROM, such as a floppy disk and

magneto optical disk.(MO).
’ A communication interface 15 may be connected to a bus
5 10 so. that the electronic musical instrument 18 can be
connected via the interface 15 to a communication network 16
such as a LAN (local area'network), internet and teiephone
.line network and can also be connected to an appropriate
sever computer 17 via the communication netﬁork 16. Thus,
10 where the operating prograﬁ and various data are not
contained in the hard disk 8, these operating program and
data can be received from the server computer 17 and
downloaded into the hard disk 8. In such a case, the
electrdnic musical instrument 18, a "client", sends a command
15 requesting the server computer 17 to download the operating
prograﬁ and various data by way of the communication
interface 15 and communication network 16. In response to
the command, the server computer 17 delivers the requested
operating program and data to the electronic musical
20 instfument 18 via the communication network 16. The
eleci:ronic musical instrument 18 completes the necessary
downloading by receiving the_operating program and data via
the communication network 15 and storing these into the hard
disk 8.
25 It should be understbod here that thé eiectronic musical -

instrument 18 may be implemented by installing the Operating



Fig. 18 is a block diagram showi ng a reverberation | nparting process
executed in the enbodinment of Fig. 15 in 5 terns of functional
interrelations anong various hardware conmponent s; Fig. 19 is
a block diagramillustrating details of the reverberation inparting
process executed in the enbodi nent of Fig. 15; and 10 Fig. 20
is.a flowhart illustrating exenplary behavi or of the enbodi nent. of
Fig. 15. : The present invention will be described hereinbel ow in
relation to a case where hardware tone ggnerating LSl and DSP are

repl aced by conputer prograns describing tone generating 15 processing
and effect -inparting processing which are both run by a single CPU
(central prg¥RfsEmg dhd t arioudhe datlal osbegesponddager tot | the sysésastf or
such tone generating processing and effect inparting processing wll
be col | ect iimslgnicin cich a commereiiedflyeavaiCBbleopergonsiacomputeseof t War e
tone generator. 20 Fig. 1 is a block diagramillustrating a

gener al such r &t (@asef dthe| cenematingnsPERITramstandevaniouscl| darag

the software tone generator to which is applied the principle ~ _ _of the
present i nRAETFRONIHNG| Bt tHE PLHARANHL 1RYRRFifRAAY be prowided,to.

system based for exanple o er sonal .
Y 5 users in a ecorge% Eorm on d@ recording medium, such as a CD-

ROM or floppy disk, which is readable by the personal
_computer. Where the personal computer is connected to a
communication.network such as a LAN, the operating program

and various data may be supplied to the personal computer via

10 the communication network similarly to the above-mentioned.
Fig. 2 is a diagram illustrating a basic functional
pfinciple _of the software tone generator. The tone
generating processing and effect imparting processing are
executed by .the CPU 1 in each time section having a

15 predetermined time length; more specifically, on the basis
of performance information input via the MIDI interface 2 in
‘each time section, the CPU 1 executes the tone generating
processing in 'a plurality of tone generating channels
corresponding to the number of fbnes to be simultaneously

20 generatéd and the effect imparting processing on the
generated tone signals in the next time section (immediately
following the current time section).- The tone sighals thus
generated and imparted effect in each time section are
reproducéd by the DMA circuit 9 in the next time section; in

25 +the example of Fig. 2, the tone generating processing is

first executed by the CPU 1ziﬁ a time section from time T2



25 conputer. On the basis of MDI (Misical Instrunent Eigital

I nterface) performance infornmati on supplied from another M DI nmusi ca
i nstrunment (not shown) in response to a player's per f or mance
operation, the electronic nusical instrunment 18 causes a CPU 1 of the
personal conputer to execute tone 5 generating processing (i.e.,
pr.ocessing to generate tone wavef orm data havi ng tonal
characteristics, such as pitch and color, as indicated by the M DI
performance information), as wel I_ g% effect processing (i.e.,
processing to inpart an effect to a tone as indicated by M DI

performance information 10 or player's selection on an operation panel).
To the .CPU #o atfines OrB1661i ethe Vbas s daf sperformares si mfsrmatiod Oinputi Dh
interface 2 for coupling to another M D nusi cal i nstrunment, a ROM
(read- onl y aretniowey )sedytioRAvic ddgdenmTdctestime T2peandythd reproduetiong
keyboard 6, a display 7, a hard disk 15 device 8 and a DVA (direct nenory
access) cirpugcess is executedrign fhed ggneraded teong rignplesbyr thet Bdkeon

tone col or : . . ]
circuit 9 in the next time section from time T3 to t1me_T4.

5 Thus, the length of each of the time sections is equal to the
product between the number of samples reproduced at one time
by the DMA circuit 9 and the reproductiqn sampling period,
which in the example of Fig. 2 is about 0.0027 sec (128 —+
48,000). |

10 Because the reproduction process has to be conducted
successively throughout the time sections in order to
generate a tone without a break, 128 samples of tone signals
to be reproduced in each of the time sections by the DMA
circuit 9 must'have already been processed completely by the

15 tone Qenerating and effect imparting processing in the
preceding time section. However, the amount of calculation
necéssary for the tone generating processing will greatly
differ among the time sections, for example, due to the fact
that the number of tone generating-channels to be used varies

20 over time depending on input performance information. In
contrast, the amount of calculafion necessary for the effect
imparting processing will not differ among the time sections:
due to the number of tone generating channels to be ﬁsed,
because the effect imparting processing is performed on

25 signals obtaineé by accuﬁulating the signals generated in the

individual tone generating channels.



data (e.g., waveformdata recorded using the PCMtechni que) that are

read out in response to performance information for " necessary

processi ng. The RAM 4 has storage areas for 20 tenporarily storing tone
si gnal s havi ng been generated and i mparted effects. - The DVA
circuit 9 executes a reproduction process based - on the known direct
menory access method, in which it sequentially reads out fromthe RAM
4 tone signals, one by 25 one, in accordance with a reproduction sanpling
frequency (e.g., 48 kHz) of a DA ggigital -to-anal og) converter 11 and
- 12 - transfers the read-out data to the DJA converter 11. As an
exanple, the DVA circuit 9 executes this reproduction process on 128~

sanpl es of the tAnsositmal GPWS] chas Ngd cexsccts Seiese proressingdin heh®VA
circuit 9 sets a predetermned tine-shift 5 flag each tine it initiates
t he repr odusxiftwane dosss genmegrator i pgireldeilt witht broceasinggpél ethexch
tone signal converted ' '
application software on a multitask basis. .
The foregoing is the basic functional principle of the
5 software tone generator, but it should be appreciated that
. the operation timing of the software, tone generator need not
be strictly as illustrated in Fig. 2. For instance, the tone
generating and effect . imparting processing based on
performance information input within a predetermined number
10 of successive time sections may be executed collectively in
a single time section. Further, the value of the
"predetermined number" may be varied with the passage of
time.

The electronic musical instrument 18 employing the

15 software i:one generator controls contents of the effect
imparting processing depending on the amounts of calculation
necessary for the other application software processing ahd
the tone generating processing, so as to efficiently execute
the tone generating and effect imparting processing in the

20 - software tone generator while achieving an effieient
distribution of the CPU resources.

A description will now be made about an example of the
tone geherating brocessing with reference to Fig. 3 and other
figures following Fig.'3.

25 : Fig. 3 is a flowchart of e main routine executed by the

CPU 1. In +this main routine, after a predetermined



via the DA converter 11 -into analog representation is ~audi bly
reproduced via a sound system 12 conpri sed of anplifiers and speakers.
10 In the hard disk 8, there nay be stored various other dat a
than the waveform data, such as automatic perfornmance data and chord
progression data and the above-nenti oned operating program By
prestoring the operating programin the hard disk 8 rather than in the
ROM 3 and | oading the .15 operating programinto the RAM 4, the CPU 1 can
operate in exactly the same way gs qyhere the operating programis
stored in the ROM 3. This greatly facilitates version-up of the
operation program addition of an operating program - etc. A CD- ROM
(.conpact diskjtiSlimindeprsedsasat stapvab) ya d@berminathabl tsemadenat
recordi ng nedium for recording various data such as automatic

perf or mancestep aS2 casr topwhgthesi meceivedistatanrare skoned einrandianpuind an
opti onal operating program Such an operating program and data stored
in the beffeowithinnthe RaYd4eout WhihaarpaREiraetiee 1detgrpinapion
transferred for storaﬁ$ into the hard disk 8. Tq;s facili%ates
i nstal | ati okt afifeRefLi-ortifp OFU t he®BBEREEFng Teceived data process a

5 step S3, which includes, for example, note-on and note-off
event processes based 6n note-on and note-off event signals
supplied via the MIDI interface 2.

Thén, a determination.is made at step S4 as to whether

there is an operation event of any of various switches

10 provided on the keyboard 6. If there is such an operation
event as determined at step S4, the CPU 1 executes a switch
event process at step S5, which includes, for exampie, a tone
color selecting operation based on activation of a'tone.color
selecting switch and an effect type selecting operation based

15 on activation of an effect selecting switch. Then, the CPU
1 executes tone generator processing at step S6 and other
processing at step S7. Thereafter, the CPU l'repetitively
executes the operations of steps S2 to S7 in a steady loop.

The received data process of step S3 is triggeréd in

20 response to an affirmative determination of step S2 made by
detecting that received data from the MIDI interface 2 is
writteh in the input buffer. The received data writing into

the input buffer is effected by performing a top-prio:ity:
interrupt process of Fig. 4 every time data are received via

25 the MIDI interface 2. In the top-priority interrupt process

of Fig. 4, the data received via the MIDI interface 2 are



- 13 - ‘program The -renmpvabl y-attachabl e external recordi ng medi um
may -be other. than the CD-ROM such as a floppy disk and magnet o
optical disk (M. : : A communi cation interface 15 may be connected
to a bus 5 10 so that the electronic nusical instrument 18 can be
connected .via the interface 15 to a conmuni cati on network 16 _ such as a -
LAN (l ocal area network), internet and tel ephone | ine network and can
~al so be connected to an appropriate - sever conputer 17 via the
comuni cation network 16. Thus, 10 whgge. the.  operating program and
various data are not contained in the hard disk 8, these operating
program and data can be received fromthe server conputer 17.and
downl oaded dnput ttwe tae dndsikaB. instrusent atcatep Slle and Ehecinputc
nusical instrument 18, a "client", sends a command 15 requesting the
server conmecsived tdatevmreadrittenpinkei fge inpuly dp&hiat ML Yadn otRedat a
by way of the communication interface 15 and conmuni cat.i.on néatyvork 16.
In responscRAM 4 alonge wthredatat Apdigafdve: fpu eFUTFeRs| i (hime
request ed operatin rogram an(g ata to the %ec ropnic ical_, 20
i nst rument 9a% 'aAa} FehYe ngaﬁ%t%‘? Ty .laée]%ﬁewrf%léen 1nto
5 the input buffer whenever they are received, the thus-written
received data are not immediately proceslsed in the main
routine, and hence the time data is written into the input
buffer to identify a time when the received data were
received. Fig. 5 shows examples of storing regions in the
10 input buffer, where the number of received data is written
in a storing region labelled "number of events" and the
received data and corresponding time data are written in
storing regions labelled "data 1?, "data 2", "data 3" ....
Now, the note-on event process of the received data
15 process will be described below with reference to Fig. 6,
where at first step S21, data indicative of a note number,
velocity and tone color paft and time data are read out from
the input buffer and stored into réspective registers. At
next step S22, one of the tone geherating channels is
- 20 . assigned for generating a tone signal corresponding to the
note number corresponding to the note-on event. Then, at
step S23, data of a tone color preselected for the tone color
part by a tone color selecting operation in the switch event
process (step S5 in Fig. 3) are read out from a tone color

25 storing region of the RAM 4, and the read-out tone color data

are processed in accordance with the note number and



el ectronic nusical instrunment 18 conpl etes the necessary downl oadi ng
by receiving the operating programand data via t he comruni cati on
network 15 and storing these into the hard disk 8. 25 ~ It should
be understood here that the el ectronic nusical i nstrument 18 may be

i mpl enmented by installing the operating

- 14 - program and various data corresponding to the present

i nvention in a commercially avail abl e personal conputer. In such a
case, the operating program and various jdata corresponding to the
present -invention may be provided to 5 users in-a recorded formon a
recordi ng nedium such as a CD ROM or fl oppy disk, which is readable
by the perswsbbcity. igpuiZrshowshexendiany contentsomfutbe teneocotored to
a conmuni cation network such as a LAN, the operating program and
various dat@atamysberedpphi dihe ctare peleonatoridnguregiena oficthe HRAM 4
comuni cation network simlarly to the above-nentioned. . Fig. 2 is
a di agr am | #ftex rhavieg sbeeni readneutofigpm the hard disk device 8. In

the example of Fig. 7, each set of tone color data includes
5 waveform data for plural cycles of each predetermined range,
envelope controlling data, touch controlling data and other
data.
At next step S24 of the note-on eveﬁt-process, the
processed.tone color data (including déta indicative of a
10 tone signal generating algorithm and pitch controlling data)
are written, into a tone generator register for the assigned
tone generating channel, along with the corresponding time
data. Léstly, data indicative of a note-on event is written
into the tone genefator register at step S25, and the CPU 1
15 returns to the main routine. Fig. 8 shbws a manner in which
the tone color data are stofed in the tone Qenerator
registers. In the example of Fig. .8, tone generator
registers are brovided for 32 tone generating chahnels, eaéh
of which has a region for storing:the note number, envelope
20 controlling data, note-on data, fime data and other data and
a working area. The other data includes data indicative of
an algorithm relating fo an effect sélected through <the
switch event process. |
Fig. 9 is a-flowchart illustrating an example of the
25 tone generaéor_processing (step S6 in Fig. 3), where at first

step S31, the CPU 1 checks the stored contents of the tone



principle of the software tone generator." The tone generating
processing and effect inparting processing are executed by the CPU 1
in each time section having a 15 predetermned tinme |ength; nore
specifically, on the basis of performance information input-via the
MD interface 2 in each time section, the CPU 1 executes the tone
generating processing in a plurality of tone generating channels
corresponding to the nunber of tones to be sinultaneously 20 generated
and the effect- inparting processingpgon the generated tone
signals in the next time section (immediately following the current
time section). The tone signals thus generated and inparted effect in
each tinme spidrdtdr ¥egistereffondesel tyné lyeraviatding chandeln(she Rigt tinme
section; in 25 the exanple of Fig. 2, the tone generating processing is
first execl8led It mextCRied S82a & determinetibnokstmadeTas to whether
- 15 - to time T3 on the basis of performance information input in
any new data has been written into any of the tone generator
registers. If new data has been written into any of the tone
5 generator registers via the note-on event process of Fig. 6
or the like, an affirmative determination results at step
S32, so that the CPU 1 goes to step S33, where the data
stored in the tone generator register is reserved for the
tone generating and effect imparting processing in the next
10 time section. After this, the CPU 1 proceeds to step S34.
If, on the other hand, no new data has been written into any
of the tone generator registers, the CPU 1 proceeds to step
S34 directly from step S32.
At step S34, the CPU 1 checks the .time-shift flag which
15 is set each time the DMA 9 circuit initiates the reproduction
process on 128 samples of tone signals (i,e., each time there
has been a shift frgm one time section to énother), so as to
determine whether the flag is currently set (i.e., whether
there has been a shift from one time section to a new time
20 section).
If the time-shift flag is not currently set as
determined at step SSS,Ithe CPU 1 returns to the main routine
to repeat the operations of step S7 and steps S2 to S5 (Fig.
3 ) and the operations of steps S31 to S35 of the tone

25 generator processing until the flag is set. Once the time-

shift flag is set, the CPU 1 goes from step S35 to step S36,



atinme section fromtinme T1 to tinme T2, and the reproduction process

I S executed on the generated tone signals by the DVA - circuit 9 in the
next tinme section fromtine T3 to tine T4. 5 Thus, the length of each of
the tine sections is equal to the product between the nunber of
sanpl es reproduced at one tine by the DVA circuit 9 and the

repr oducti on sanpling period, which in the exanple of Fig. 2 is about
0. 0027 sec (128 - 48,000). 10 Because the reproduction process
has to be conducted successi vel y 1 roughout the tine sections in order
to , generate a tone without a break, 128 sanples of tone signals

to be reproduced in each of the tine sections by the DVA circuit 9
must have attiewslyitbeeompubess aethaxdmuinetamourty dfhecalldulatien geatuallyg and
effect inparting processing in the preceding time section. However,

t he anpbunt mdcessary atfican processingsafy tbe t$rftware gdomeat gapepatetssi ng
w | | greatl&h- differ anong the tine sections, for exanple, due to the

f act t bate ¢ hed nB¥BePLoAn MOUGEN QfatGHFEIRHRDN PecesaTE oy athes 20
over tinme dependi ng on input perforpance information. En ogtrast,
the amount PR aBERerEtIMNo,cPESCSFFinG, aML B8Py pount o rrpﬁ?}?ﬂga ion
processping will not differ_.anong.the {ine sections ._dye .t o f,he nunber
of t onel‘:’gerfé?(é??%@r% h&RRe S Oe%feeqr}%ehr,npar_é 09 LEUSESE ﬁgggf &t e p8PYi ng
processing { f,PULOLIBH, OMrygPoa i Pl otie SRARLAGH L€ 8Y! 8h18H1EREN

signal s genéra .
may be computed as an amount proportional to the number of

the tone generating channels reserved at step S33. Then,
depending on the computed amount - of calculation and a
10 calculation amount allowable for the software tone generator
processing, the CPU 1 performs control over either or both
of tone generation in some of the tone generafing channels
(i.e., deadening or muffling tones that are being generated
in some of the tone generating channels) and contents of the

15 -effect imparting processing.
It is more preferable to control the contents of the
effect imparting processing, because as compared with the
_tohe generating processing, the effect imparting processing
advantageously has less effect on a listener's auditory sense
20 even when the contents are set to a relatively low grade.
Thus, +the following description will be made on - the
assumption that only the contents of the effect imparting
processing are controlled by the CPU 1. Nevertheless, the
control over the tone generating channels has an advantage
25 that it can immediately complete necessary tone deadening

~operations, while the control over the contents of the effect



I ndi vi dual tone generating channels.

- 16 - Al so, the CPU 1 has to execute ‘these processing in the
software tone generator in parallel with processing of other

application software on a multitask basis. - The foregoing is the
basi ¢ functional principle of the 5 software tone generator, but it
shoul d be appreci ated that the operation timng of the software, tone
generator need not be strictly as illustrated in Fig. 2. For instance,
t he tone " generating and effect _ ppparting processing based on
performance information input wthin a pr edet er mi ned nunber 10 of
successive tinme sections nmay be executed col l-ectively in a single
time sectiimpartirgrpiecessing takesica afnsiderable timedee ccausedth@nber”
may be varied with the passage of time. - The el ectronic

nusi cal i ngrecRsaing. anplny ity hmemQEBQQ#dvmed@@?%a%e?fat@rd%%h??‘él s

contents of the effect
level. For this reason, when it is necessary to effect the

control urgently, it is preferable that the control over the
5 tone generating channels be performed with priority over the
control of the contents of the effect imparting processing.
In the following description, it is also assumed that
the calculation amount allowable for the software tone
generator processing in a single time section depends on the
10 computing capability of the CPU 1 and an amount of
calculation necessary for proceésing by other application
software that is executed by the séme CPU 1 iﬂ parallel with
the processing of the software tone generafor. . Accordingly,
the allowable calculatioh amount depends on the application
15 software. Also, because the allowable calculation amount may
vary over time even if the application software is the same,
it is desirable to set the allowable calculatibn amount to
be slightly.lower than its upper limit.
As another example, the allowable calculation amount may
20 be set optioﬁally by a player or user within the limit of the
computing capability of the CPU 1. Further, variation
characteristics of the allowable calculation amount may be
set optionally by the user ‘in such a manner that the
- calculation amount varies over time in accordance with
25 progression of a performanée.

Fig. 10 is a diagram showing a relationship among the



i mparting processing depending on the ambunts of cal cul ation necessary
for the other application software processing and the tone generating
processing, so as to efficiently execute t he tone generating and
effect inparting processing in the 20 software tone generator while

achi eving-an efficient di stribution of the CPU resources. A
description will now be nmade about an exanple of the tone generating
processing with reference to Fig. 3 and ot her figures follow ng Fig.
3. 25 . Fig. 3 is a flowhart of a @ain routine executed by the

CPU 1. In this min routine, after -‘a predeterm ned

- 17 - initializing process at step S1, a determnation is made at
step S2 as aNowsthher dederiletd cdat ameuatst otleel iamcaunt npfit calcubatien
within the RAM4. Wth an affirmative deterni nation at step S2, the
CPU 1 execuwesessaxy eforedhtatprquessdanyg of the spfpwaze wppehgeneratexs, for

exanpl e, note-on and note-off event processes based on note-on_ and
not e- of f evihe amert sof calculation necessary for the tone generating

procéssing and the amount of calculation necessary for the
5 effect imparting processing, in order to conceptually explain
the above-mentioned control over the contents of the effect
imparting processing. As shown, in the range from Xd fo X1
where a maximum amount of calculation necessary for the
processing of the software tone generator Z (i.e., a sum of
10 the amount of calculétion necessary for the tone generating
processing Y and thé amount of calculation necessary for the
effect imparting procéssing-when the_céntents of the process
are set to a highest grade Bl) does not exceed the allowable
célculation émount A, the effect imparting processing is set

15 to the highest grade. |
| In the range from X1 to X2 where the amount of
caiculation necessary for the tone generating processing Y
is so great that the maximum amount of calculation Z exceeds
the allowable calculation amount A but a difference between
20 the amounts Z and A is less than the'amount Bl and an amount
of calculation necessary for the effect imparting processing
when the contents of the process are set to a second highest
grade B2), the effect imparting processing is set to the
second highest grade. As a result, the amount of calculation
25 necessary for the proceésing of the software tone generator

becomes



supplied via the MDI interface 2. Then, a determination is nmade

at step S4 as to whet her

swi t ches

10 provided on the keyboard 6.

event as determined at step S4, the CPU 1 executes a switch event
process at step S5, which includes, for exanple, a tone col or
sel ecting operation based on activation of a tone col or sel ecting

switch and an effect type selecting operation based 15

there is an operation event of any of various
If there is such an operat.ion

on activation of

an effe_ct selecting switch. Then, the GRU_ 1 executes tone generator
processing at step S6 and ot her processing at step S7. Thereafter,
CPU 1 repetitively executes the operations of steps S2 to S7 in a

st eady | oop.

20 response to an affirmative determ nation of step S2 nade by
det ecti ng thathiaiktefakls dat thin othe hbimd ©lof ntke fatkowalhle calcwtatien in

the input buffer. The received data witing into the input buffer
ef fect ed byamawritor #i-ng alnopthisomanner, tha eppeyntyr8€essaifulpfion
every tinme data are received via 25 the MDI interface 2. 1In the

t he

7 - (Bbe-rBRei ¥edz dat @z prakkss Af step S3 is triggered in

S

top- pri or i tREFPRVWFNpEOH e sBrocessipg of the $aEt¥RTe TR 9ISt he
MDI i ngerffsceaz_l_ are

10

15

20

25

lowed to fall within the 1limit of the allowable
calculation amount A in any ranges.

Now, details of the control over the contents of the

effect imparting processing will be explained in relation to

a reverberation effect which is a delaj—based tonal effect.

Fig. 11 illqurates an overall algorithm to achieve a
reverberatioh effect. Tone signals generated via the toné
generating processing are stored in buffers XL, XR and XX
(the buffer XL is for storing tone signals to be sent to the:
left channel of the stereophonic sound system without being
subjected to the'effect imparting processing, the buffer XR
for storing tone signals to be sent to the right channel of
the stereophonic sound éystem without being subjected to the
effect imparting processing, and the buffer XX for storing
tone signals to be sent to the effect imparting processing).
Each tone signal SX read out from the buffer XX is first
subjected to a process for early reflection ERl; as denoted.
at block (101) in Fig. 11, to obtain an initial réflected
tone delayed by a predetermined time, and the initial

reflected tone is added to tone signals SL and SR read out

from the left- and right—channel buffers, respectively, as

denoted at blocks (102) and (103). After this, the tone



- 18 - input to the nusical instrunent at step S11, and the input
recei ved data are witten into the input buffer within the RAM 4 al ong
w th data indicative of a current time (tine data). Al though received
data are imediately witten into -5 the input buffer whenever they are
received, the thus-witten recei ved data are not imredi ately processed
‘in.the main routine, and hence the tinme data is witten into the input
buffer to identify a tinme when the received data were received. Fig. 5
shows exanpl es of storing regions in thgs 10 input buffer, where the
nunber of received data is-witten In a storing region | abelled
"nunber of events" and the - recei ved data and corresponding tine data
are wittensignal S3Xt dsi nfurtheonsubjesttesdti ‘tdata proceks afpr, edaly 3"
Now, the note-on event process of the received data 15
process vi | refteabioni BB, babodenoteds @fte hdeak t(0104)g B againypbtaipt
first step S21, data indicative of a note numb ~ velocity and tone

col or part @mdinitialmefiected dPnan andkhe 1“’1tﬁéll ﬁ'ﬁiftleﬁﬁ'rfape?m&ﬁdl?t or ed

1 1 t f
Loner aet e aedSa fd' 888 “sathate snosnd, ShoRedd oy Brof, the yraES ana

correspgndlpgbhg éﬁgnnel buffers, respectively, as denoted at blocks

(105) and (106).
The thus-delayed tone signal SX is passed thrbugh all-
pass filters APl and AP2 aé denoted at blocks (107) and (108)
and then passed in parallel through six comb filters CFl to
10 CF6, as deﬁoted at blocks (109) to (114), providing different
delay times. The reason why the tone signal SX is passed
through a plurality of the comb filters CFl to CF6 providing
different delay' times 1is to smooth +the frequency
characteristics of the signal as a whole, because wave-like
15 frequency characteristics will result if the signal SX is
bassed through only one comb filter.' The greater the number
of the comb filters, the smoother become the frequency
characteristics.
Then, the tone signals passéd through the comb filters
20 CFl to CF6 are sent to two mixers MixL and MixR to be mixed
togeéher in each of the mixe;s MixL and MixR as denotéd at
blocks (115) and (116), so as to generate reverberated tone
data having.relatively coarse delay time intervals.
After this, each reverberated tone data generated by the
25 mixer MixL is passed through all-pass filters_APS and AP5,

as denoted at blocks (117) and (119); providing delay times



note number corresponding to the note-on event. Then, at step S23,
data of a tone color preselected for the tone color part by a tone
col or selecting operation in the switch event process (step S5 in Fig.
3) are read out froma tone color 25 storing region of the RAM 4, and the
read- out tone col or data are processed in accordance with the note
nunber and : - 19 -

velocity. Fig. 7 shows exenplary contents of the tone col or dat a
stored in the tone color storing regi Qizgf_the RAM 4 after having been
read out fromthe hard disk device 8. In t he exanple of Fig. 7, each
set of tone color data includes 5 waveform data for plural cycles of each
_pr edet er m rshlibriEgethan these Popeldehtby| thegcel afilters Cohttol CFeg dat a

and ot her dat a. At next step_S24 of the .note-on event
process, tlap as tqrinesseevexheratedrtone datydading wiativelrafine of a
10 tone signal generating algorithm and Eitch controllin dat%2

elay time intervals. Each of the reverberated tone data

from the all-pass filters AP3 and AP5 is added to the tone

5 signal SL as denoted at block (121). On the other'hand, each

reverberated tone data generated by the mixer MixR is passed

through all-pass filters AP4 and.AP6, as denoted at blocks

(118) and (120), broviding delay times shorter than those

provided by the comb filters CFl1 to CFG, so as to form

10 reverberated tone dafa haviné relatiﬁely fine delay time

intervals. Each of the reverberated tohe data from the all-

pass filters AP4 and AP6 is added to the tone signal SR as

‘denoted at block (122).

Tone signals SL' and SR' derived by adding the tone

15 signals SL and SR with the respective initial reflected tones

and reverberated tones are then written into left- and right-
channel output buffers XL' and XR', respectively.

When the maximum amount of calculation necessary for the

processing of the software tone generator processing (i.e.,

20 a sum df an amount of calculation necessary for the tone

generating processing and an amount of calculation necessary

for executing the whole of the above-mentioned algorithm)

does not exceed the allowable calculation amount for the

processing of the software tone generator proceséing,

- 25 settings are made at step S36 to execute the whole algorithm

(namely, the reverberation effect is set to a highest grade).



are witten, into a tone generator register for the assigned t one

" generating channel, along with the corresponding tine. data. Lastly,
data indicative of a note-on event is witten into the tone generator
register at step S25, and the CPU 1 15 returns to the main routine. Fig.
8 shows a manner in which the tone color data are stored in the tone
gener at or regi-sters. In the exanple of Fig. 8, tone generator
regi sters are provided for 32 tone generating channels, each of whi ch
has a region for storing the note nunQe57 envel ope 20 controlling data,
note-on data, tinme data and other data and a working area. The other
data includes data indicative of an algorithmrelating to an effect

sel ected t hjiugh éhethe othéirt BAndAYeRhepmERASfum amount of FéglcAlasian
flowchart illustrating an exanple of the 25 tone generator processing
(step S6 inidi greydtemhertammt ther s*allowabé.eepcSId:ulaltteoﬁPUamouhEG ksthee _
stored contents of the tone. - 20
- - geresvexberagion effegt cg lsatorie gedower gyadeasitep byegtepgby
progressively removing some of the blocks of the algorithm

5 in the following order.

More specifically, as the first step, block (114) of the
comb filter CF6 'is removed. If the maximum amount of
calculation necessary for the software tone generator
'processing is still greater than the allowable calculation

10 amount even after the removallof block (114), block (113) of
the comb filter CF5 is further removed as the second etep.

If the maximum amounf of calculation is still greater than

~ the allowable calculation amount even after the removal of

block (113), then blocks (117) and (118) of the all-pass

15 filters AP3 and AP4 are removed as the third step. In a

similar manner, block (108) of the all-pass filter AP2Z2 is

further removed as the fourth step, and block (104) of the
early reflection ER2 is further removed as the fifth step.

In the embodiment, the order of the block remeval ie

20 determined on the basis of two viewpoints: the one viewpoint
being that the removal should be effected block by block in
ascending order of effect on the listener's auditory sense,
i.e., in such a mamner that one of the blocks which will have
the least effect on the listener's auditory sense when

25 removed is removed prior to the other blocks (even when the

number of the comb filters is decreased from "6" to "5" or



8). At next step S32, a determnation is made as to whet her any- new
data has been witten into any of the tone generator -registers. If new
data has been witten into any of the tone 5 generator registers via the
not e-on event process of Fig. 6 or the like, an affirmative
determnation results at step S32, so that the CPU 1 goes to step S33,

where the data

“the

ot her

stored in the tone generator register is reserved for

tone generating and effect inparting processing in the next 10
time section.

.hand,

gener at or

S32.

After this, the CPU 1 pregeeds to step S34. - If, on the

no new data has been witten into any of the tone

registers, the CPU 1 proceeds to step S34 directly from step

ll4ll ’

Athestee wi334 bet Mo 6Rgni fdlaoks prbblemnwithi thef frgauency 15

is set each time the DMA 9 circuit initiates the reproduction process
on 128 sanptharaftenisticymmeothing amhmnqermq gégaificangaefest anshift

fromone tinme section to another), so

determ ne whether the fl ag

i's current|thedigtener’ svRadddory Sen?ﬁér @%st%mh&rsﬁi’-f-‘*wpf’f’-ﬁﬁl BAing; ne

tion t t 20 sect] h
Pot curr ontPyAGeth Temoval cPhoRLA Jie seEfeatsd (RORELBY [ BIBFK £B ¢ he

Gpoommibie R8RS i theSBFeEbapateira bt pPRGEPR oF tRe™

nain rogtl
(Fig.
10
15
20‘
25

calculation amount, i.e., in such a manner that one of the
blocks which will contribute most to reduction of the
calculation amount ﬁhen removed is removed prior to the other
blocks (reducing the blocks of the all-pass filters AP3 and
AP4 préi.or to the block of the all-pass filter AP2 will
contribute more to reduction of the calculation amount since
the two blocks are removed at the same  time).

When the amount of calculation necessary for the
software tone generator processing has become no longer
greater than the allowable calculation amount although the
reverberation now has an improved grade as a result of the
amount of calculation for the tone generating pfocessing
having been reduced by the block rémoval, the reverberation
is set, at step S36, to a higher grade step by step by
reviving the removed blocks-from the'fifth step to the first
Step; i.e., oppositely to the above-mentioned order.

As described above; the "control over.the contents of
the efféct imparting processing" comprises controlling the
amouht of calculation for the effect imparting processing by
progressively femoving some of the blocks in the associated

algorithm or progressively reviving the removed blocks. A



25 generator processing until the flag is set. Once the tine- shi ft

flag is set,

- 21 -

the CPU 1 goes fromstep S35 to step S36,
where it conputes a maxi mum anount' of cal cul ation actual ly

necessary for processing of the software tone generator (i.e., a sum
of an anount of cal cul ati on necessary for the . tone generating
processi ng and an anmount of calculation 5 necessary for the effect

i mparting . processing) in the new time section. Typically, the maxinmum
amount of cal cul ation may be corrp_u?gd as an amount proportional to the

nunber.

of

the tone generating chanfiéls reserved at step S33. Then,

.dependi ng on the conputed anount of calculation and a 10 cal culation

anount al

fer Olanidih 15 ObIEWAER1£QDELYENET£61OT the efffeeessSimgartingCPU 1

perfornms control over either or both of tone generation in sonme of the
tone gener girdEesdibindasults i achigheadprady off thef proogssdngs whileare
bei ng generat ed in sonme of the tone generating channels) and contents
15 af bmellempantdunt pobcesdicudation for the effect imparting

of the

10

15

processing results in a lower grade of the‘ processing.
Aithough the foregoing description has been made in relation
to the case where a reverberation effect is imparted by the
effect imparting processing, the principle of the preeent
invention may ef course be applied to a case where another
effect, such as chorﬁs, flaﬁger or feather, is imparted by
the effect imparting process; that is, the amount of
calculation for fhe other effect can be controlled to.
increase or decrease by remoﬁing some blocks in an algofithm
for the effect or progressively reviving fhe removea blocks
similarly to the above-mentioned.

If some of the blocks in the algorithm for the effect

imparting processing are removed at step S36 (i.e., if the

- effect imparting processing is set to a lower grade than

20

25

before), a later step to actually execute the effect
imparting processing (step S41), rather than suddenly
stopping the operation in each removed block, progressively
weakens the operation in the block by changing parameters for
the effect, so that the operation is stopped ohly after it
is weakened to a degree that its stoppage does not result in
any significant effect on the listener's auditory sense.
Even-dﬁring the time when the operation in a specific one of

the blocks is progressively weakened, operational



It is nore preferable to control the contents of the effect inparting
processi ng, because as conpared with the . tone generating processing,
the effect inparting processing advant ageously has | ess effect on a
listener's auditory sense. 20 even when the contents are set to a
relatively | ow grade. Thus, the follow ng description will be nmade on
t he assunption that only the contents of the effect inparting
processing are controlled by the CPU 1. Neverthel ess, the control over
the tone generating channels has an advagage 25 that it can imediately
conpl ete necessary tone deadeni ng operations, while the control over
the contents of the effect - _ - 22 -
i mparti ng pelvaesctexistkes of cthei othabl blockes) othansthe hepecifipronessi ng
amount to be increased or decreased to a desired | evel. For this
reason, whemret vieriestetoargancekf fart the effecbntorol thegebhisyener'ss
preferable that the control over the 5 tone generating channels be
per f or ned vitudi @ryrpepseyépucheas unnatural variation in tone wvolume

level that can be sensed by the listener's ears) caused by

5 variation in the operational characteristics in the specific
block.

Similarly, if the removed blocks are revived at step S36

(i.e., if the effect imparting processing is set to a higher

grade than befqre), the step to actually execute the effect

10 imparting processing (step S41) initializes each of the so-
far-detectéd blocks and then progressively strengthens the
operation of the initialized blocks by changing parameters
for the effect. |

Once the operation of step S36 is completed in the

15 above-mentioned manner, the CPU S37 moves to step S37, where
tone.signals'for a single time section (128 samples of tone
'signals) are generated by pérforming the tone generating
process on the data having been reserved as an object for
calculation at step S33.

20 Fig. 12 is a_biock diagram outlining an algorithm for
the tone generating processing. In this tone generating
processing, for each of the tone generating channels, a
-process for reading out the reserved data from the
corresponding tone generator register so as to generate an

25 original waveform therefrom (block (210)), a'process for

performing a filter operation on the basis of information



control of the contents of the effect inparting processing. -~ In
the followi ng description, it is also assuned that the cal cul ation
amount al |l owabl e for the software tone generator processing in a
single tine section depends on the 10 conputing capability of the CPU 1
and an anount of cal cul ati on necessary for processing by other
application software that is executed by the sane CPU 1 in parallel

W th the processing of the software tone generator. Accordingly,

the al | owabl e cal cul ati on anpbunt dependgjon the application 15 software.

Al so, because the allowabl e cal cul ati on anmount may vary over tinme even
If the application software is the sane, it is desirable to set the

al | onabl e caididattiven afioantfibter cobffitight| wd caer tohaentrolyppene
limt. As anot her exanpl e, the allowable cal cul ati on anmount- may
20 be set omlamal(bldgk a(@0Zyer apduser pHaaass t Ker | wultiplyheg the
conmputing capability of the CPU 1. =~ Further,  variation .

char act er i Sfavaferm t thawingapndergere | then Ehbisx RBe¥rtion Ry an
optionallyéllol%/l?the ser in such a nner that the

al cul ati on,
varies over ]!'liet‘f aéEBP_&arV Wigth v2 u%_r(?&re%%i‘dﬂ &og%hr%g? ?%’i‘ﬁ'gﬁg'g&gm
Fi g. 105IS fbf%éﬁ”fiBé?PWéﬂ& g&ééﬁé@&?ﬁ&@'@ éqﬁggh{$§%ipnal basis, for

a total of three output channels: the first one for tone

signals to be sent to the left channel of the stereophonic
sound system without being subjectgd to the effect imparting
processing; the second one for tone signals to be sent to the
10 right channel of the stereophonic sound system without being
subjected to the effect imparting processing; and the third
one for tone signals to be subjeéted to the effect imparting
processing (see Fig. 11).
The above-mentioned process for generating the original
15 waveform may be conducted usiﬁg a known waveform generation.
method such as the waveform memory method, frequency
modulation method or harmonic synthesis method. In the
above-mentioned filter operation, the filter coefficient is
vafied over time or in accordance with touch or other
20 performance information in order to control tone color.
Furthef, in the above-mentioned amplitude control, a tone
volume envelope for controlling timefvarying.tone.volume from
the start to end of tone generation in each of the tone
generating channelé is weighted with a ratio corresponding
25 to the output channel in question in order to obtain three

different pieces of tone volume information for the output



- 23 - al  owabl e cal cul ati on anount, the amount of cal cul ation
necessary for the processing of the software tone generator, t he
anount of cal cul ati on necessary for the tone generating processi ng and
t he anount of cal cul ation necessary for the 5 effect inparting processing,
I.n order to conceptually explain t he above-nenti oned control over the
contents of the effect I nparting processing. As shown,.in the range
fromX0 to X1 where a maxi mum anount of cal cul ati on necessary for the
processing of the software tone generatgyp Z (i.e., a sumof 10 the anount
of cal cul ation necessary for the tone generating . processing Y and the-
~amount of cal cul ation necessary for the effect inparting processing
when t he caflisriesl®f drite theothsee piecas eof etorten vaolumghdsfogmatiéoBlareoes
not exceed the allowable cal cul ation anbunt A, the effect inparting
processi ng sequentidbly t ouilidpliigidesto gaadeinput waveform tom @angémerom X1
to X2 where the anopunt of cal cul ati on necessary for the tone

gener ati ng probetenal basis. By edipsddna pay ofethaxvaightipantasios,

cal cul at.i on. Z exceeds the al |l owabl e_cal cul ati.on ambunt A but. a
di fference %Et%§e30551ble to, for example, provide a stereophonic or

5 tone image localizing effect and increase the volume of the
effect-imparted tone.

- Thereafter, the tone signals generated in the tone
generating channels through.fhe above-mentioned processes are
accumulated for each of the output channels and stored into

10 the respective suffers XL, XR and_XX (block 204). Figs. 13A
to 13C showﬁ by way of example how the tone signals are

- stored in the buffers XL, XR and XX, each of which includes
a region storing 128 samples of the tone signals generated
within a single time section.

15 J Returning now to Fig. 9, step S38, immediately aftef
step 837, determines a grade of the effect imparting
processing.which can .be completed within a remaining time of
the current time section, depending on the remaining time.
At next step S$39, a determination is made as to whether or

20 not the gradé determined at step S38 is  lower than that
previously set at step $36. If answered in the affirmative

at step S39, the CPU 1 goes to step S40 in order to replace
the grade of the effect imparting processing with the grade
newly determined at step'838, and then proceeds to step S41.

25 if, on the other hand, the newly determined grade is not

lower than the grade previously set at step S36, the CPU 1



20 the ampunts Z and Ais |less than the anbunt Bl and an anount of

cal cul ati on necessary for the effect inparting processing - when t.he
contents of the process are set to a second highest grade B2), the
effect -inparting processing is set to the second hi ghest grade. As a

result, the anount of calculatiaon 25 necessary for the processing of the
sof tware tone generator becones :

- 24 - Z- (BL- B2 [err] Z- (Z- A =A , which falls
within the limt of the allowable cal culsation amount A. In this
manner, the anount of cal cul ation necessary for the processing of the

software tone generator 5 is allowed to fall wthin the limt of the
al | onabl e proce@dsultat istepnsdat Wwith thg maeydously set grdde efsils

of the control over the contents of the, effect inparting processing
will be exphrcheged. rel ation to a reverberation effect which is a
del ay- based tonal effect. 10 Fig. 11 illustrates an overal

al gorithmto achTh@ereason why the effect imparting processing grade is
| reconsidered hére is that if thé grade set at step S36 is
5 continued to be used, the effect imparting processing may
sometimes ﬁot be completed within the remaining time of the
section due to some new conditions arising after-step S36
(e.g., in a situation where a time more than expected was
taken for interrupt processes of the application software
10 being executed by the CPU 1 in parallel with the software
tone generator processing).

St step S41, the tone signals are read out from the
buffers XL, XR and XX (Figs. 13A to 13C) and the effect
imparting processing to impart an effect selected by the

15 switch event process (step S5 of Fig. 3) is performed on the
" read-out tone signals on the basis of the amount of
calculation corresponding to the grade set at step S36 or
S540. Thén, the tone signals having undergone the effect
imparting processing are written into the left- and right-

20 channel output buffers XL' and XR', respectively. Details
'lof the effect imparting proceséing are as described above in
relation to step S36 with reference fo Fig. 11. By executing

the effect imparting processing in the _thué-controlled
manner, the software +tone generator processing and

25 application software executed in parallel with the tone

generator processing as well_dan be appropriately completed

This Sheet Has Been Replaced
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reverberation effect. Tone signals generated via the tone gener at
processing are stored in buffers XL, XR and XX (the buffer XL is

storing tone signals to be sent to the | eft channel of the

st’er eophoni ¢ sound system w t hout being 15 subjected to the effect

| mparting processing, the buffer XR for storing tone signals to b
sent to the right channel of t he stereophonic sound system w t hou
bei ng subjected to the effect inparting processing, and the buffe
for storing tone signals to be sentyto the effect inparting :

processing). 20 Each tone signal SX réad out fromthe buffer XX is f
subjected to a process for early reflection ERL, as denoted at bl
(101) in FigitHin decdRithedind Serdftionld @ithdut caukhg dAagddebgea
predetermned tine, and the initial reflected tone is added to to
signal s SL effedisread out 25 fromthe left- and right-channel buffe
respectively, as denoted at bl ocks (102) and (103). After this,

t one

10

15

20

- 25

Lastly, at step S42, the tone sighgls written in the

respective output buffers XL' and XR' (such as tone signals

I ng
for

e
t
r XX

irst
ock

ne
rs,
t he

SL' and SR' shown in Fig. 11) are reserved as signals to be

reproduced by the DMA circuit 9 in the next time section

(immediately following the current time section), after which

the CPU 1 returns to the main routine. In the next time
section, the above-described reproduction process will be
performed on the reserved tone signals by means of the DMA
circuit 9. |

As described'above, in some of the time sections when
the other application software and tone generatiné processing

involve great amounts of calculation, the embodiment of the

‘present invention sets the effect imparting processing to a

lower grade so as to reduce the calculation amount therefor
as compared with other cases where the two processing involve
smaller amounts of calculation, so that more of the computing

capability of the CPU 1 can be allbdated to the other

processing. On the other hand, in another time section when

the other processing involves a relatively small amount of
calculation, the embodiment sets the effect imparting
processing to a higher grade so as to increase the
calculation amount therefor and'thereby impart a better or
higher-quality effect to +the tone -signals. Such an

arrangement permits a more efficient distribution of the CPU



signal SX is further subjected to a process for early . reflection ER2,
as denoted at block (104), to again obtain an initial reflected tone,
and the initial reflected tone is added to tone signals SL and SR read
out fromthe left- and 5 right-channel buffers, respectively, as denoted
at bl ocks “ (105) and (106). The thus-del ayed tone signal SX

| = passed through all - pass filters APl and AP2 as denoted at bl ocks
(107) and (108) and then passed in parallel through six conb filters
CF1 to 10 CF6, as denoted at bl ocks (589). to (114), providing different
delay tinmes. The reason why the tone signal SX is passed t hrough a
plurality of the conb filters CF1 to CF6 providing different delay
times is tesowrnmash Paetidubapbyncywhen théanumbericfisimeltaneousvial as
a whol e, because wave-like 15 frequency characteristics will result if
the signal gbexated tonesdd Emeddgh the pidpctcdmpartingr proresgiedt @f the
nunber of the conb filters, the snoother becone the frequency

char act erj stigher grade alleyg,effgetrdmparitgdatonsssdy R RegFdiReT onb
filters 20 _CFl to CE6 are sent_to two m xers M&E‘% andegﬂ xR to _be nj xed

"toget her irf Bf CHMR BFYIFINT ot MRS 6fed®iEeCt OB otRE
(115) apd (4116 SO, as_to. gener ever berated tone data havi ng
relativgly %%Eﬁ%%?%e a@u +ﬁ§r§n$%$%éfs. After this, each

rever ber at ed tOnfig?t94gfg65afowQﬂaLQeillustrating another example of

the tone generator processin§ éxecuted by the CPU 1. This
tone generator processing is somewhat similar to that of Fig.
9 exept that operations of steps S51 to S56 are not present
10 in the Fig. 9 processing. Operations of steps in Fig. 14
correspond to steps S in Fig. 9, respectively. At step S57
following step S56, a detection is made of a tone volume
level of each of the tone signals stored in the buffer XX at
step S56 (i.e., tone signals to be subjected to the effect
15 imparting processing). At néxt step S58, it is determined
whether the detected tone voiume level is lower than a
predétermined threshold value which, for example, is set to
correspond to a level when no tone is being sounded (i.e.,
Zero or veiy small vaiﬁe that can not be sensed by listner's
20 ears).
| If the detected tone volume level is equal to or higher
than the predetermined threshold value, the CPU.l goes to
step S60 in order to execute the effect imparting processing
for an effect Selected by the effect selecting switch. At
25 last step S61, the.tone signais having the effect imparted

thereto at step S60 are written into the left- and right-



25 mxer MxL is passed through all-pass filters AP3 and AP5,

denoted at bl ocks (117) and (119), providing delay tines

as

- .26 - " .shorter than those provided by the conb filters CF1l to CF6,

so as to formreverberated tone data having relatively fine

delay tine

intervals. Each of the reverberated tone data fromthe all-pass
fidters AP3 and AP5 is added to the tone 5 signal SL as denoted at bl ock
(121). On the other hand, each reverberated tone data generated by
the m xer MxR is passed t hrough aklg-pass filters AP4 and AP6, as
denoted at bl ocks (118) and (120), prOV|d|ng delay tinmes shorter than
t hose provided by the conb filters CFl1 to CF6, so as to form 10
rever ber at athdronel dadepltvbuffers akLVebndfl XRd dridayweasenyved in |vherDMAs.
Each of the reverberated tone data fromthe all - pass filters AP4 and

AP6 i s addesiirauithed tfor xepredudiion in theamextdtime b$©fé1zl<(11122)Then
Tone signals SL' and SR derived by adding the tone

10

15

20

25

the CPU 1 returns to theé main routine.

If, on the other hand, the detected tone volume level
is lower than the predetermined thresholdivalue as determined
at step S58, the CPU 1 at step S59 instructs omission of thé
éxeCution of the effect imparting processing and then goes
to step S60, where the execution of the effect imparting
processing is omitted in accordance with the instruction.
Then, at step S61, the tone signals stored in the buffers XL
and XR and having no effect imparted thereto (such as tone
signals SL and SR in Fig. 11) are written into the output

buffers XL' and XR' and thus reserved in the DMA circuit 9

for subsequent reproduction.

_In the above-mentioned manner, for fhe time sections
when thé tone volume of each tone signals to be sent to the
effect imparting processing is below the threshold value as
when no tone is being sounded, the execution of the effect
imparting processing is omitted, so that the entire computing
capability of the CPU 1 can be allocated to the tone
generating processing and other application software
processing without wasting the computing capability in the
effect imparting processing. This permits an efficient
distribution of the CPU resources.

In the above-described embodimept, either +tone

generation in some of the tone generating channels or effect



15 signals SL and SRwith the respective initial reflected tones and
reverberated tones are then witten into left- and right- channel

out put buffers XL' and XR , respectively. When t he maxi mum anount
of cal cul ati on necessary for the processi ng of the software tone
generator processing (i.e., 20 a sumof an anmount of cal cul ation

. necessary for the tone generating processing and an anount of

cal cul ati on necessary . for executing the whole of the above-nentioned
al gorithm does not exceed the alleaaabl e cal cul ation anount for the
processing of the software tone generator processing, 25 settings are
made at step S36 to execute the whole algorithm (nanely, the

rever ber at i tmpafting psocsetsing asigpirastoljresti@t step S36, depending on

- 27 - When, on the other hand, the maxi mum anount of cal cul ation

is greater botim tof athemamasimumcunacesﬁaaﬁnuqalcuh@tion agounter apflon
effect is set_to a lower grade step by step progressively renoving

some of theableaklercaleilatien apauit |ﬁ?1f H@ef SPESWexg SPper generator

processing. Alternatively, at step S36, the tone generating
5 processing in some of the tone generating channels may be
controlled depending on bofh the maximum necessary
calculation amount and the allowable calculation amount;
-that is, when the maximum necéssary calculation amount is
greater than the allowable calculation amouht, thé tone
10 generating processing may be set to a lower grade step by
- step by removing some of the blocks of the tone generating
processing algorithm with respect to some of the channels,
in such a manner as illustrated in Figs. 10 and 11 in
connection with the control over.the contents of the effect
15 imparting processing.

Further, the present invention has been described above
as -being' applied to the case where the tone generating
processing and effect impartiné processing on fone signals
generated through the tone generating processing are executed

20 alpng with other application software by shared use of the
same CPU. Alternatively, thé present invention may be
applied to a case where the CPU executes, in parallel with
other application soffware, the effect imparting processing
on tone signals supplied from another source than via the CPU

25 (e.g., tone signals reproduced by an audio device sudh as a

compact disk player, tone signals input through a microphone



More specifically, as the first step, block (114) of the comb filter
CF6 is renoved. |If the maxi mum anount of cal cul ati on necessary for
the software tone generator processing is still greater than the

all omabl e cal culation 10 anount even after the removal of block (114),

bl ock (113) of the conb filter CF5 is further renoved as the second

st ep. I f the maxi mum anount of calculation is still greater ‘than

“the all owabl e cal cul ati on anbunt even after the renoval of bl ock
(113), then blocks (117) and (118) of tlag all-pass 15 .filters AP3 and AP4
are renoved as the third step. In a simlar manner, block (108) of
the all-pass filter AP2 is - further renoved as the fourth step, and

bl ock (104)amd ddrverted dartioydigitett fommERDNeS sfignalsr syatbesdzed vha
fifth step. In the enbodi nent, the order of the block renoval is
20 det er mi‘tere osynkhesasingofsafiwarieswper ntenet sdonad syigagarated viapej ng
that the renoval should be effected- bl ock by block . n ascendlnﬁhorder

of effect OPREFRELiPR(Qhdhe tane genprating processipg bynaugther GE
et ener o T ¢ £3rbe Hhencrbsd e papdial SRR thH EhoRotCthene,
bl ocks £evele ¥OSD Hifarting "BPBELsSink %t OBbeb! 536! SohSeHECHER2ETE! AM "6
comparison between the allowable calculation amount and the
~amount of calculation necessary for the effect imparting
processing, since the CPU itself does not execute the tone
generating processing. In another alternative, the present
10 invention may be applied to a case where the CPU does not
execute other application software and executes only the tone
generating processing and effect impérting processing; in
this case, the allowable_calculation amount is determined
only on the basis of the CPU's computing capability at stép
15 S36 of the tone generator processing.

Moreover, the present invention has been described ébove
as being applied to the software tone generator where the CPU
of the personal computer controls the tone generating
processing and effect imparting processing on the basis of

20 da?a-received via the MIDI interface. Alternatively, the
present_invention may'of'course be applied to another-type
software tone generator where the CPU provided within the
electronic musical instrument executes the tope generating
processing and effect imparting processing. In such a case,

25 the CPU has to execute the software generator processing in

parallel with processing by a tone color editor or sequencer,



- 28 - "4", there wll be no significant problemw th the frequency

characteristics snoothing and hence no significant effect on
listener's auditory sense); and the other viewpoint being

-t he
that the

renmoval shoul d be effected block by block in 5 descending order of

effects attained by reduction of the cal cul ati on anount,

.e., in such

a manner that one of the - bl ocks which will contribute nost to
reducti on of the cal cul ati on anmount when renoved is renoved prior to
t he ot her bl ocks (reducing the blo _of "'the all-pass filters AP3 and

10 AP4 prior to the block of the all-pass filter AP2 wi ||

contri bute

nore to reduction of the cal cul ati on anpbunt since the two bl ocks are

removed at édetHaethe®llowable caldlitatite amount dfs cidtetrmined at
necessary for the sof tware tone generator processing has becone no
| onger 15 stpmas®6 ofiathehdonkl gemseratoal @ratessingudeperdinguoh the

reverberati on now has an inproved grade as a result of the N
cal cul at i orCP@ts t heomputingnecapahd lpityce&5idng amounth5\@f g gatauladierd by
t he bl ock renoval, the reverberation Is set, at step S36,_to a higher

- grade step'%@c%$%$F5yf°r the processing in the tone color editor or

5
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sequencer.

Furthermore, while the present invention has been
described above as being applied to the softWafe tone
generator, it may of 'course be applied to a more
sophisticated general-purpose DSP which is capable of
executing the effect imparting processing in parallel with
ofher processing. |

As has been described so far, the present invention is
advantageously applied to cases Whére tﬁe effect imparting
processing to impart a desired efféct to a tone signal and
other processing are executed by shared use;of the same
microprocessor. When thé other application processing
involves a relatively great amount of calculation, the
present invention-operates to allocate.more of the computing
capability of the microprocessbr to the otﬁer-processing;
conversely, when the other application. processing involvesl
a relatively small amount of calculation, the present
invention operates to execute thé effect imparting processing
with - a higher-grade content. The present invention thus
arrangéd, by permitting an efficienf distribution of the
microprocessor resources, achieves a superior benefit that

it can give an tone an effect of highest possible quality

anount of



20 reviving the renoved bl ocks fromthe fifth step to the first step,.
. i.e., oppositely to the above-nenti oned order. As descri bed
above, - the "control over the contents of the effect inparting
processi ng" conprises controlling the anount of cal culation for the
effect inparting processing by 25 progressively renoving sone of the
bl.ocks in the associ at ed al gorithmor progressively reviving the
renmoved bl ocks. A ' - 29 -
greater anount of cal culation for the efggect inparting processi ng
results in a higher grade of the processing, while. a small er anount of
calculation for the effect inparting processing results in a | ower
grade of thehatotssobtainabld tthorgygh he flamiddgedn@mbsrdr igf | anithwebien
made in relation to the case where a reverberation effect is inparted.
by the opéfationsparti ng processing, the principle of the present
i nvention may of course be applied to a case where another ef fect,
such as chorus, MLEAgeRCEPTALRgHER the prgsentednyention, the player or’

user is allowed to adjust the grade of the effect imparting
5 proqessing at ény desired time while actually listening to
performed tones.

Further, in applications where the same microprocessor
executes the effect imparting processing and other prodessing
as in a software tone generator and general-purpose DSP, when

10 a volume level of a tone signal is below a predetermined
value such as when no tone is being sounded at all, the
entire computing capability can be allocafed to the other
prodessing without wasting the computing capability in the
effect imparting processing; Thus, the present invention

15 achieves ‘an efficient distribution of the microprocessor
resources.

A description will now be given on another embodiment
of the effect imparting device in accordance with the present
invention, with reference to Figs. 15 to 20.

20 Fig. 15 is a block diagram of a personal computer which
implements this embodiment of the effect imparting device.
The personal computer is designed to execute effect imparting
arithmetic operations and other application software under
the so-called "multitask control". The multitask control is

25 a well-known control technique and its description will not

be made here. In the personal computer of Fig. 15, reference



10 the effect inparting process; that is, the anount of

calculation for - the other effect can be controlled to I ncrease or

decrease by renoving sone blocks in an al gorithm for the effect or

progressively reviving the renoved bl ocks simlarly to the

above-nentioned. 15 | f sonme of the blocks in the algorithmfor the

effect I nparting processing are renoved at step S36 (i.e., if the

effect inparting processing is set to a | ower grade than before), a

| ater step to actually execute the effeqy - I nparting processing (step

$41), rather than suddenly 20 stopping the operation in each renoved

bl ock, progressively weakens the operation in the block by changi ng

par anet er s riumeral 21t deneftesca, CBY wiixth identgpdsathenoversidppperabignaf t er

it is weakened to a degree that its stoppage does not result in

any si gni f iefinthef bexsopalt fompudesner ' Bhew@P¥ ot} sdfge funpfipns arirdng

the time when the operation in a specific one of the blocks  |is

pr ogr essi vetglculphlngedqneangpefari of¥ecuting the effect imparting

- 30 - '

- arithmetic operations and other application software. A hard

5 disk device 22 stores various application software, data
files and various other files. A ROM 23 has control programs
prestored therein, and a RAM 24 is used primarily as a
working memory means or buffers. The personal computer
further indludes an input device 25 such as a keyboard or

10 mouse, a display 26 such as a CRT display, and a CODEC (coder
and decoder) 27 for performing codin'g/decoding of audio
signals exchanged between the personal computer and an
external device such as a speaker. A CD-ROM drive 28 and
communication interface 29 perform geperally the same

15 functions as the counterparts described in relation to Fig.
1.

Figs. 16A to 16C are block diagrams showing several
exemplary manners in which effect imparting processing, the
‘subject matter of the present invention, is executed by the

20 personal computer.

In the example of Fig. 16A, the CPU 21 executes tone
synthesizing processing and effect imparting processing on
digital audio signals generated via the synthesizing
processing using the RAM 24 as buffers. Final effect-

25 imparted digital audio signals from the effect imparting

processing are accumulated into the buffer RAM 24 and are



characteristics of the other block(s) than the specific one

are vari ed

to cancel out the effect on the listener's auditory sense (such as
unnatural variation in tone volune | evel that- -can be sensed by the
|istener's ears) caused by 5 variation in the operational characteristics
in the specific bl ock.: Simlarly, if the renoved bl ocks are
revived at step S36 ~(i.e., if the effect inparting processing is set

to a higher
effect 10

far-detected bl ocks and then progressively strengthens the

of the init

grade than before), the step to actually execute the
i mparting processing (step S4b) _initializes each of the so-

Il ali zed bl ocks by changi ng paraneters for the effect.

Once t he opetiert i conwdrtssdpird3H drmalogplepresentation by &hevCORELt REntd

manner, the CPU S37 noves to step S37, where
ti me secti dree (ukBimab@lysoutpubnto the gpgakes)oxnr §hgeAdk&ted by perform ng

the tone generating process on the data having been reserved as an

obj ect for
di agr am out

tal the fxample of fiw3d6B,2enalog spddo s3opals BiEkRd

lining an al gorithm for ..the tone generating processin
In this tor&P g'éiﬁe?ai“-i’-ﬁﬁgph°nepf’50é’§’§ ngks c?rreeaf'c‘?f(‘g‘fﬁrY _ Y’g%etﬁﬁnééat‘?‘gng
channel § a2'7' int%r Oggajs_tggr Iteeéixdelsp gal%icgrp earn%s eéc\:/ggmtgfé@e&r %‘.nﬂéohethe
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buffer RAM 24. The CPU 21 sequentially reads out the

accumulated digital audio signals from the RAM 24 to-perform

the effect imparting processing on the signéls. Then, final

effect-imparted digital audio signals from the effect

impafting processing are written into the hard diskldevice_
22 by way of the buffer RAM 24.

Further, in the example of Fig. 16C, digital éudio
signals are reproduced from the hard disk device 22 and
accumulated into the buffer RAM 24. The CPU 21 sequentially
reads out the accumulated digitél audio signals from the RAM
24 to perform the effect imparting processing on the signals.
Then, final effect-imparted digital audio signals from the
effect iﬁparting processing are transferred to the CODEC 27
by way of the buffer RAM 24, and the CODEC 27 converts the
digital audio signals into analog representation, which are
ultimately output to the speaker or the like.

.The CPU 21, which executes the effect imparting
processing in one of the above-described manners,'is capable
of executing other application software in parallel with the
effect imparting processing under the multifask control.

However, the effect imparting processing involving a heavy

operation

tone signals for a single



correspondi ng tone generator register so as to generate an 25 original
wavef orm t herefrom (bl ock (210)), a process for performng a filter
operation on the basis of information

- 31 - indicative of a filter coefficient so as to control t one ,
color (block (202)) and a process for multiplying the wavef or m havi ng
undergone the filter operation by an anplitude (tone vol une) val ue so
as to control anplitude 5 (block (203)) are executed, on a tine-divisional
basis, for a total of three output gghannels: the first one for tone
signals to be sent to the |left channel of the steréophonic, - sound
system wi t hout being subjected to the effect inparting processi ng; the
second one Iwgddtometlse QRU L1 eorilld odfitert dellde tol@ sigghficantnebstéclée.

st er eophoni ¢ sound system wi t hout being subj ected to the effect

i mparting prectssi ABY 2dd ithexegduting themther appbicationsseftyare.
subjected to the effect inparting processing (see Fig

11).
The above- nEatavikd g1t & prablegondhds ﬁg\bpﬂém@ﬂtgpﬁaﬁorms control to
lessen the load of the CPU 21 by minimizing wasteful

5 .operations in the execution of the effect imparting
processing. |

The load lessening control in this embodiment will be
described.in detail below with reférence to Figs. 17A to 17D.
As mentioned earlier, digital audio signals to be sent to the
10 effect-imparting processing are sequentially accumulated into
the RAM 24, and the CPU 21 constantly monitors the
éccumulated digital audio signals. For each period when one
or more digital audio.signals above a prédetermined amplitude
level are supplied, the effect imparting processing is
15 exequfed on the digital audio signals having been accumulated
in the RAM 24 within a latest one of predetermined time
sectioné preceding the current time point, so as to output

the resultant effect-imparted signals (see Fig. 17A).
Once the supply of digital audio signals has been
20 discontinued, O0's are accumulated into the RAM 24 in
| succession; however,'the CPU 21 continues to execute fhe
. effect imparting processing-on the digital audio signals
having been accumulated in the RAM 24 within the latest
predetermined time section (see Fig. i?B).- Then, upon lapse
25 of a predeterminéd time since the discontinuation of the

supply of digital audio signals, the CPU 21 stops the



15 waveform may be conducted using a known wavef orm generation met hod

such as the waveform nenory nethod, frequency nodul ati on net hod or

har moni ¢ synt hesi s net hod. In the above-nmentioned filter operation,
"the filter coefficient is varied over tine or in accordance with touch

or other 20 performance information in order to control tone color.

Further, in the above-nentioned anplitude control, a tone. vol une

envel ope for controlling tinme-varying tone volune from the start to

end of tone generation in each of the tgne_. = generating channels is

wei ghted with a ratio corresponding 25 to the.output channel in question

In order to obtain three different pieces of tone volune information

for the outgidcution of the effect imparting processing (see3Rig. 17C),

channel s, and the three pieces of tone volune information are

sequent i al Iyecalse Htcmkd dada hapihgvkeeh acoumulatederithin thevliatesatl
basis. By adjusting any of the weighting ratios, it is possible to,
for exarrpl @rqﬂgmwrae@t'@@mw @re all of value "0" and it is now

mean:.ngless to continue the effect imparting processing.
'5 Then, once the supply of digital audio signals has been
restarted, the CPU 21 resumes thé effect imparting processing
(Fig. 17C). | |
Because this embodiment does not execute the effect
imparfing processing at any time sections. when its execution
10 is meaningless, the load of the CPU 21 is lessened
accordingly, and the part of the computing capability of the
CPU 21 saved in this way can be allocated to the other
application software.
_The embodiment of the present invention will__ be
15 described further in relation to é case where the effect
imparting processing is executed to impart a reverberation
effect to a digital audio signal. Fig. 18 is a block diagram
showing -1::he effect imparting process executed in the
embodiment in terms of functional interre;ations among
20 wvarious hardware componeﬁts._ The principal components
include a reverberated tone generator 30 for creating a
digital audio signal of a reverberated tone, and an input
monitoring section 20 for monitoring the level of each
digital .audio signal supply -to the reverberated tone
25 generator 30. Fig. 19 is a block diagram showing details of

operations 'éxecuted by the reverberated tone generator 30 in

This Sheet Has Been Replaced




5 tone imge localizing effect and increase the volune of the
effect-inparted tone. Thereafter, the tone signals generated in
the tone generating channels through the above-nenti oned processes are
accunul ated for each of the output channels and stored into 10 the
respective buffers XL, XR and XX (block 204). Figs. 13A to 13C shown
by: way of exanple how the tone signals are stored in the buffers XL,
XR and XX, each of which includes a region storing 128 sanples of the
tone signals generated within a sigg e tinme section. 15 '
Returning nowto Fig. 9, step S38, immediately after step S37,
determnes a grade of the effect inparting processi ng whi ch can be
conpl et ed wiéims afr diwctiimpali nbntérrelatioms campogt waniOustchapdware
depending on-the remaining time. At next step S39, a determination is
made as to aémpdnents, 0 whicht theggeperadosy Fhaprmarriges 3BOVsPRSRer

t han t hat previously set at step S36. If answered | Eergéiirnaéive

t
at. step S39fil¥Rr dEFH) g highspasso fidteryee -t 8oy ébi‘g&% efitedr ade

f the effect inparting i ng wjth th Wy, d d
Clep S35, SHEPE AR ORI S L o rpriocsed P a Rk, LELY P “HERAL O8N "

2? \é\'ipysggf e[%@%?dfiiéernptand a rle%%e%%dt angr Sgﬁe%%!hB“ééétESh at
34 composed of all-pass filters (APFs) and comb filters.

In the embodiment thug arrénged, the efféct imparting_
processing for a reverbération effect'is carried out in the
following manner. Firét, left- and righf-channel digital

10 audio signals are sequentially accumulated into the buffef
RAM 24. The accumulated left- and right-channel digital
audio signals are read. out from the buffer RAM 24 one by one
in an alternate manner (i.e.; in such a manner that one left-
or right-channel digital audio signal is -read. out affer

15 readout of one right- or left-channel digital audio signal,
and so on), and the.read—out signals are supplied to the
reverberated tone generator 30 wvia the input monitoring
sectioﬁ 20.

In the reverberated tone generator 30, reverberated tone

20 generating operations are performed alternately for the left-
and right-channels under the time-divisionél control, so as
to generate digital audio signals of reverberated tones for
the left- and right-channels. Namely, in the arrangement of
Fig. 19, for example, the digital audio signals of the.

25 individual channels are passed through the low-pass filter

31 and high-pass filter 32 for removal of unnecessary



- 33 - proceeds to step S41 with the previously set grade left
unchanged. The reason why the effect inparting processing grade
i's reconsidered here is that if the grade set at step S36 is 5
continued to be used, the effect inparting processing nmay soneti nmes
not be conpleted within the remaining tine of the section due to sone
new conditions arising after step S36 (e.g., in a situation where a
time nore than expected was taken for interrupt processes of the
application software 10 being execquqsby the CPU 1 .in parallel with the
sof tware t one generator processing). At step $S41, the tone
signals are read out fromthe buffers XL, XR and XX (Figs. 13A to 130

and the ef fggdctral dolipBridritgs RASATY Bhet QUATHafteduerndy erindsebadt adeby
the 15 switch event process (step S5 of Fig. 3) is perforned on the
read- out totieersi geguentiallheg hasits td Bhaalmynsection ofcathemil dhithal
corresponding to the grade set at step S36 or S40. Then, the tone
signal s havi'ecglemt;adlgchwet hgeneéfating section 33. For each of the
‘ channelé, the reverberated tone generating section 33
5 performs arithmetic operations to convolute a train of
predetermined coefficients into the digital audio signals
sﬁpplied to the delay section, so.as fo generate digital
audio signals of an initial reflected tone for the channel.
In the meantime, the digital audio signals used in the
10 convoluting arithmetic operations are sent from the délay
section of the iﬁitial reverberated tone generating section
33 to the reverberated tone generating section 34, which
generates digital audio signals of a reverberated tone for
each of the channels. After this, the digital audio signals
15 of initial reflected and reverberated tones are added
together, for each of the channels, so as to provide final
.digital audio signals of a reverberated tone.
The input monitoring section 20 constantly monitors the
level of each digitai audio signal to be reverberated. When
20 digital audio signals each of which may be regarded as having
a value "0O" are supply for more than.a preﬁetermined time
periéd, the input monitoring section 20 causes fhe
reverberated tone generator 30 to stop the process (i.e., the
CPU 21 discontinues a process‘ corresponding to the

25 reverberated tone generator 30). Then, once the supply of

digital audio signals above the predetermined level has been



i nparting processing are witten into the left- and right- 20 channel
output buffers XL' and XR , respectively. Details of the effect

i nparting processing are as described above in relation to step S36
wth reference to Fig. 11. By executing the effect inparting
processing in the thus-controlled manner, the software tone
generator processing and 25 application software executed in parall el
with the tone generator processing as well can be appropriately
conpleted - - 47 - - 34 - W t hin
.each of the tine sections w thout causing any adverse effects.

Lastly, at step $S42, the tone signhals witten in the respective out put
buf fers XL'resicheded( sudie asinmrte siqgridioring SseciienSR20shoanses Fihe 11)
are reserved as signals to be reproduced by the DVA circuit 9 in the
next tine seevrexherated temedgererytes| BButagreruneuthenPrPrRBSsection),
after which. the CPU 1 returns to_the maiin routine. . In the next tine

section, the abo@égdes%9|béﬂ reprid@chadt plddustrating,ea subroutine

relating to the input monitoring section 20. Upon start of

5 the subroutine, predetermined initialization is effected at
step S71, where initial values "O" and."l" are written into

an input time'register INCNT and réverberétion impaftment
flag REVCHK, respectively. The progran thén goes to step S72

in order to determine whether the level IN of a digital audio

10 signal to ' be currently sent to the reverberated tone
generator 30 is low enough to be éafely regarded as "O",
i.e., whether the level IN satisfies a condition of -50 < IN

< 50. If answered in the negativelat step S72, "O" is
written into the input time register INCNT at step S73 and

15 " "1" is written into the reverberation impartment flag REVCHK
at step S74, after which the program proceeds.to step. S75.

At step 875, a determination is made as to whether the
reverberation impartment flag REVCHK is currently at "1".

If the reverberation impartment flag REVCHK is currently-at

20 "t (YES) as determined at step 875, the reverberation
imparting process 1is executed by the reverberated tone
generator 30 at step S76, and the program loops back to step

S72. Thereafter, whenever the lével IN of a digital audio
signal to be sent to the reverberated tone generator 30 is

25 greater than the predetermined 1evel; the piocess by tﬁe

reverberated tone generator 30 is conducted. The condition



10 perforned on the reserved tone signals by nmeans of the DVA circuit
9. As descri bed above, in sonme of the tine sections when t he
ot her application software and tone generating processing i nvol ve
great anounts of calculation, the enbodi ment of the 15 present invention
sets the effect inparting processing to a | ower grade so as to reduce
t he cal cul ati on anount therefor as conpared with other cases where the
two processing involve smal | er anmounts of cal cul ation, so that nore of
the conputing capability of the CPYgl_can be aIIocated to the other
20 processing. On the other hand, in anot er tinme section when " the
ot her processing involves a relatively smal | anount of cal cul ati on,
t he enbodi nerg0 seteNt hes5@f fasadi fparthagsignal pleves sdetetminabighemnayr ade
SO as to increase the cal cul ati on anobunt therefor and thereby inpart a
better or & chagged- goalanyy opfifmwl value has flong asi ditalprovidesha an
arrangenent permts a nore efficient distribution of the CPU
- 35 - suitable means for detectlng that the signal is at a

sufficiently low level (-50 to -60 dB).

5 Once the level IN of the digital audio signal has become

low enough, an affirmative (YES) determination results at

step S72, the program proceeds to step S78 to increment the

stored content of the input fegister INCNT by one. Then, at

next step S79, a determination is made as to whether the'

10 input register INCNT is currently at a wvalue smaller than
"100000". With an affirmative answer, the program moves to
step S75 to further determine whether the reverberation
impartment flag REVCHK is currently at "1". If the flag
REVCHK is currently at "1" as detérmined at step S75, the.

-15 reverberation imparting process 1is executed by the
reverberated tone generator 30 at step S36, aftef which the
program loops back to step S72. Thereafter, as long as the
supplied digital audio signal maintains the extremely low
level IN, the'reverberation imparting process is performed

20 on the signal at step 8§76, although the stored content of the
input register INCNT is incremented as the time passés.

With the above-mentioned operations, the input register
INCNT Kkeeps recofding each elapsed ' time since the
sufficiently low level of the digital audio signal is first

25 detected. As long as step 879 determines that the input time

register INCNT is at a value smaller than'"lOOOOO", it is
_ TR e 2 R
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resources. Particularly, when the nunber of sinultaneously gener at ed
tones is small, the effect inparting processing of hi gher grade all ows
effect-inparted tones to be heard nore clearly, thus providing an even
better effect on the 5 listener's auditory sense. Fig. 14 is a
flowmchart illustrating another exanple of - the tone generator
processi ng executed by the CPU 1. This tone generator processing is
somewhat simlar to that of Fig. 9 exept that operations of steps S5l
to S56 are not present 10 in the Fig. 49 processing. Operations of steps
in Fig. 14 - correspond to steps Sin Fig. 9, respectively. At step S57
follow ng step S56, a detection is nade of a tone vol une | evel of each
of the tonepssglivile tHat adreverberbtuélictona atirresporstigy $66previouslpne
signals-to be subjected to the effect 15 inparting processing). At next
step S58, isupplikderdigitial audiiet hedgniadsdetsduitldd txemaing undn| ebhe is

| oner than a predeterm ned threshold value which, for exanple, is set
to correvghrrated tong geeeratorodd i slbbewughsde¥edare. €f low

zero or very snall value that can not be sensed by ljstner's 20 ears).

I f the det ct¥RL+ on@ndol hfBCRey &g s RERAPYRAGO gifRparting | hRROPRES

predeterm ned threshold val ue;, the CPU 1 goeg,Lo step S60 in order to
execut et heCRFFIRes %J??nﬁxﬁ?ﬂgﬁgs?EBStgp 83l

The standard value to be compared with_the stored value
of the input time register INCNT need not necessarily be
"100000" and may be optionally set within a range where a
reverberated tone that should be output can be generated in

10 appropriate manner; besides, this-standard value need.not be
a.fixed value. Specificaily, the standard wvalue may be
chosen such 'that ~the reverberation imparting 'process
continues to be executed by the reverberated tone generator
30 at step S36 until about 5 - 10 seconds has passed since

15 the level-of the input digital audio signal fell below the
predetefmined low level. The standard wvalue may be set
optionally by the usér, or may be automatically set depending
on a given reverberating time in the reverbe:ated tone
generator 30.

© 20 As mentioned ébbve, the reverberation imparying process
continues to be executed at step S36 as lopg as the input
time register INCNT is at a value smaller than "100000".
But, once the input time register'INCNT has reached a value
not smaller than "100000", a negatiﬁe (NO)_determination
25 results at step 879, and "0" 'is ‘written into the

reverberation impartment flag REVCHK at step S80, after which
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for an effect selected by the effect selecting switch. At 25 last step

S61, the tone signals having the effect inparted

are witten into the left- and right-

- 36 -

citcuit 9 for reproduction in the next tinme section. Then, the CPU 1

returns to

det er m ned

channel output buffers XL' and XR and reserved in the DVA

thereto at step S60

the main routine. If, on the other hand, the detected
tone volune level 5 is lower than the predeterm ned threshold val ue as

at step S58, the CPU L1 & step S59 instructs om ssion of

t he execution of the effect inparting processing and then goes

step S60, where the execution of the effect inparting ~ processing is

omtted in

ez o patagramni hbvese tossitept i 975. 10Th¥aerting, seepnegativee

tone signals stored in the buffers XL and XR and having no effect
i nparted t gkexninakions nesydts atsigHrp s SEP aapdsEhep Fithe 1p¥ogram

witten into the output buffers XL' and XR amg"thus reserveg in the
DMVA cir cui tbxpnches to step S77 in order to write f

10

15

20

25

into the buffer,
aftér which the program loops back to step S72.

Thereafter, as long as thé supplied digital audio signal
maintains the extremely low level IN, the reverberation
imparting process is not executed at step 836 and "O"s are
sequentially written into the buffer, during which time the
input time register INCNT keeps incremeﬁting its stored value
one by one. | |

Then, once the level IN of the digital audio signal has

increased to cause a negative determination result at step

872, "0" is written into the input time register INCNT at

step S73 and "1" is written into the reverberation impartment

flag REVCHK at step S74. After this, the program goes via-
step S75 to step S76, in ordei to execﬁte the reverberation'
imparting process'by means of the reverberated tone generator
30. It is to be understood that only when the program takes
step S76 for the first time after resumption of the
subroutine, the stored contents in the delay section and
individual filters are initialized.

As described above, the level of each digital audio
signal to be reverberated is checked by the input monitoring
section ‘20, and the reverberation imparting process is
exeéuted by the reverberated tone generator 30 only as long

as the arithmetic operations provide meaningful results.

to



for subsequent reproduction. 15 In the above-nenti oned manner, for
the tinme sections when the tone volune of each tone signals to be sent
to the effect inparting processing is below the threshold val ue as
when no tone is being sounded, the execution of the effect i mparting
processing is omtted, so that the entire conputing 20 capability of the
CPU 1 can be allocated to the tone generating processi ng and ot her
application software processing W thout wasting the conputing
capability in the effect inpartingggrocessing. This permits an
~efficient di stribution of the CPU resources. . 25 In the
above-descri bed enbodi nent, either tone generation in sone of the
t one gener ati-ng whibeetlie aib®fd amibodiment of the present invention has

- 37 - i mparting processing is controlled at step S36, depending on
bot h of thebexaxi desconibedsdmny rzlatldcenita dipeumeverberaticn | fpdrting

cal cul ati on anmount for the software tone generator processi ng.

Al t er nat i vebxoCcess st tpe SBEesent dpNengipsr Jayn@f course be applied to

impartment of another effect such as chorus or distortion.

5 " The invention described so far with reference to Figs.
15 to 20 is characterized in that the execution of the effect
imparting processing is discontinued when the supply of audio
signal is stopped continuously for a predetermined time
' period and is.resumed when the supply of audio signal is
10 restarted. With such an arrangement, the present invention
achieves the benefit that it can efficiently execute the
effect imparting processing on audio signals without
involving wasteful arithmetic eperations of the

microprocessor or other computing means.



5 processing in some of the tone generating channels may be controlled
depending on both the nmaxi mum necessary cal cul ati on anount and
the al |l owabl e cal cul ation anmount; that is, when the maxi num necessary
cal cul ati on anmount is greater than the allowabl e cal cul ation anount,
the tone 10 generating processing nmay-be set to a | ower grade step by
step by renoving sonme of the bl ocks of the tone generating pr ocessi ng
algorithmw th respect to sone of the channels, in such a manner as
illustrated in Figs. = 10 and 11 in - 5goonection with the control over
the contents of the effect 15 inparting process+hg- —Furt her,

the present invention has been described above ed to the
case where the tone generating C L ZrbdesSing add!m ma"“auﬂmll
processing on tone signals generated throu & tanemgenerating

processing are executed 20 along wth other appllcatlon sof tware by
shared use of the same CPU. Al'ternatively theFEresent i nventi on

maK be I Lapplh é@‘lf%%o&ﬁ@;\ﬂge:"fw &pg @%@EHF%§9 fﬁSFaH‘BFrW'Pﬂ

t t t t

o1 Gnal o SupproeRes rggn*ﬁm@aéfmrﬁcﬁ?} SFhani i & AePien 35R8 gignallghd"®
signal s reprgduced by an udo feviee, Sk 4 hme mcgsgesagsgbiis Bhayer-

t one S|gnaI%
5 method comprising:

a'first"step of controlling contents of said effect

imparting processing, depending on an amount of calculation
necessary for said other processing; and

" a second step of executing said effect imparting

10 processing on the supplied tone signal in accordance with the

contents controlled in said first step.

2. A tone processing method as defined in claim 1 wherein
said first step of controlling contents of said effect
imparting processing includes reméving one or more blocks
15' forming an algorithm of said effect imparting processing and

reviving the removed blocks.

3. A tone processing method as defined in claim 2 wherein
removal of the one or more blocks in said first step ié
. executed block by block in such order thét one of the blocks
20 whose removal has a smallest effect on a listener's auditory

sense is rémoved prior to the other block.

4. A tone processing method as defined in claim 2 wherein

Thls Sheet Has Been Rep! laced
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- 38 - and converted into digital form tone signals synthesized via
tone synt hesi zing software, or tone signals generated via execution of
the tone generating processing by another CPU). I'n such a case, the
CPU of the personal conputer controls the 5 effect inparting processing,
at step S36, on the basis of a conpari son between the all owabl e

cal cul ati on anobunt and the amount of cal cul afion necessary for the

effect inparting processing, since the CPU it cute the
t one generating processing. |n anogher altern I lal ﬂmll Imuﬁm '
I nvention may be applied to a case where the CPU dots fott ™ sexecut,e

ot her application software and executes only the tone generating
processi ng wembwdI esf thpablockspiacesdidnfinst step tis sexecweted helock
al | owabl e cal cul ati on amount is determ ned onl on t he basis of the
CPU s conputy riglacipain | sugh sorderpthat omseof theebiopks geheseat semoval
processi ng. Moreover, the present invention has been descri bed
above centeibuteppmost t 50t Fedustingy «of o /@ gRARYAE o CTWRPESERRTEPY

of the personal conputer controls the tone generatin
P calculaéggn is removed prior to %he ot ergblock.

5 5. A tone processing method as defined in claim 2 wherein
operation of each of the blocks removed in said first step

is weakened progressively in said second. step.

6. A tone processing method as defined.in claim 5 wherein
‘an effect on a listener's auditory sense CauSed by a change
10 in operational characteristics of each said removéd block is
cancelled out by varying operational characteristics of the

other block left unremoved.

7. A tdne processing method as defined in claim 1 wherein
for each timé section having a predetermined length, said
15 method executes tone generatihg processing to generate tone
signals in a specific number of tone generating channels
corresponding to a specific number of +tones +to be
simultaneously'generated and said effect imparting processing
on _the tone signals genefated by said tone generatiné
20 processing, and wherein said first and second steps are

performed for each said time section.:

8. A tone processing device comprising:
. ___________________

Sheet Has Been Replaced '
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processing and effect inparting processing'on,the basis of 20 data -

received via the MDI interface. Alternatively, the present invention
may of course be applied to another-type sof tware tone generator where
the CPU provided within the el ectroni c nmusical instrument executes the
tone generating processing and effect inparting processing. In such a

case, 25 the "CPU has to -execute the software generator processing in
parallel with processing by a tone color editor or

- 39 - so that the allowable calcggation arm“m“rml‘mluaum"‘ulm at
step S36 of the tone generator processing dependlng on“the ™ CPU‘a
conmputing capability and ampunt of cal cul ation " necessary for the
processing in thprooessovl omeatis or for Execneirgr. effect impartévgnore,

while the present invention has been descri bed above as bein applled
to the sof tPEPeessirg to impawrt Ameffectnhp & Sb‘EEﬂ%@d%o&SpFF-GBagoaﬁ nor e

other processing by shared use of a same microprocessor; and
control means for controlling contents of said effect
5 imparting processing, depending on an amount of calculation

necessary for said other processing.

9. A tone processing method for execufing effect imparting
processing to impart an effect to a supplied tone signal and
other processing by shared use of a same microprocessor, said
10 method comprising:
a first step of selectively designating a grade of said
effect imparting processing; and
a second step of executing said effect impartihg
processing on the supplied tone signél in accordance with
15 . contents corrésponding to the grade désignated in said first

step.

10. A tone processing device comprising:
processor means for executing effect imparting
processing to impart an effect to a supplied tone signal and
20 other processing by shared use of a same microprocessor; and
operator means for selectively designating a grade of
said effect imparting processing, said pfocessor means
executing said effect imparting proceésing on the supplied

tone signal in accordance with contents corresponding to the

I‘hls Sheet Has Been Replaced




sophi sti cated general - purpose DSP which is capable of 10 executing the

effect inparting processing.in parallel wth ot her processing.

As has been described so far, the present invention is advant ageousl y
appl ied to cases where the effect i nparting processing to inpart a
désired effect to a tone signal and 15 other proc&&ng_a_e_exeguLeﬂ_by
shared use of the sane m croprocessor. When the ot her lic
processi ng i nvolves a relatively great am)unt IH‘M“I”ﬁﬁ " |"F
present invention operates to allocate mgre of the

capability of the mcroprocessor to the other processing;, 20 conversel Y,
when the other application processing involves arelatively small
amount of ogtade adesignated pbpssaid operatornmeanseperates to execute the
effect inparting processing wi th a higher-grade content. The present
I nvention thus arranged, by permtting an efficient distribution of
~the 25 mcroprocessor resources, achieves a superior benefi{ that It

can give anl}onePakorpiREeceFsing athod Lqmexequting effect imparting

prpcessing to impart an effect to a supplied tone signal and
other processing by shared use of a same microprocessor, said
5 method comprising:
a first step of detecting a tone wvolume lével of the
supplied tone signal; and
a second step of executing '.said effect imparting
processing on the tone signal when the tone volume level
10 detected in said first step is equal to or higher than a
predetermined value, but omitting execution of said effect
imparting processing on the tone signal When-the tone volume
level detected in said first step is lower than ‘the

prédetermined value..

15 12. A tone processing method as defined in claim 11. wherein
for each time section having a predetermined length, said
method executes tone generating proceésing to generate tone
signals in a specific number of tone generating channels
corresponding to a specific number of tones to be

20 simultaneously generated and said effee:t imparting processing
on the tone signals generated by said tqne éenerating
processing, and wherein said first and second stepé are

performed for each said time section.

This Sheet Has Been. Replaced




- 40 - that is obtainable through a Iimted amount of arithmetic

operations. . Al so, according to the present invention, the player
or. user is allowed to adjust the grade of the effect inparting 5
processing at any desired tine while actually listening to per f or med
t Ones. ~Further, in applications where the sa )

executes the effect inparting processing and ot her pro ' as . dn a
software tone generator and general - purpose DSP, when TEIEMB&'WIIEBEIF of
a tone signal is below a predeterm ned gg - val ue such TPl S
bei ng sounded at all, the entire conmputing capability can be allocated
to the other - processing without wasting the conputing capability in

t he efI2ct | Apbohengrecessingndevicghgemprheipgesent invention 15
achieves an efficient distribution of the m croprocessor r esour ces.

A description w fiétecting geses Saradetectingbadtapatvolumeplevad effact
imparting device in accordance with the present I nvention, with

ref erence teupphied 1tonrg shgnalbp Fig. 15 is a block diagramof a

per sonal conputer which i npl ements this enmpodi me og:the effgct
i nparting devi cePTOCeS89he IGAHhal LOGNp REFCHE Wesi &?&?c’[ o eXBRAF& 8Pt ect

inpartigg processing to impart an effect to the supplied tone signal
and other processing; and

instructing means for instructing said processor means

to omit execution of said effect imparting processing.when

the tone volume level detected by said detécting means is

10 lower than a predetermined value.

14. An effect imparting device comprising:
calculating means‘ for performing various arithmetic
o;;eratioﬁs, said calculaton means performing an operation for
execution of effect imparting processing to impart a

15 predetermined effect to an audio signal; and
control means for discoﬁtinuing the execution of.thé
effect imparting processing when supply of the audio signal
is stopped continuously for a predetermined time period and
resuming the execution of the effect imparting prqcesSing

20 when the supply of the audio signal is restarted.

15. A method for executing effect imparting processing to
impart an effect to a supplied tone signal and other
processing by shared use of a same microprocessor, said

method comprising the steps of:

o This Sheet Has Been Replace :
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;arithnmetic operations and other application software under t he
so-called "nultitask control". The nultitask control is 25 a well-known
control technique and its description will not ~ be made here. In the
personal conputer of Fig. 15, reference

-=41 - nuneral 21 denotes a CPU which controLs_Lhe~9¥eLaLL—epeFat|on
of- the personal conputer. The CPU 21 al so function | ati ng
means .for executing the effect inparting Toarit hEﬂﬂm !l m& E&m]and

ot her application software. A hard . 5 disgk_device 2

application software, data files and various ofher files. A ROM 23 has
control prograns prestored therein, and a RAM 24 is used prinmarily as
a wor ki ng nmedbsgontineing tbhief eexecutikine pﬁrwﬁaleMtéﬁlparting
further includes an input device 25 such as a keyboard or 10 nouse,

di spl ay 26 pxetessing CRthen sgunplan®f @sEcte@@demgnal ahg d§E@HEP§1 27
for perform ng coding/decodi ng of _audio nal s _exchanged between the
personal coPPREERURERLEqfor a Eﬁ?@?ﬁﬁFmHB9¢cEl§ cRexiog: sphdker. A CD- ROM

drive 28 and .
resuming the executlon of the effect imparting

5 processing when the supply of the tone signal is restarted.

16. A machine readable recording medium containing a group
of instructions to cause said machine to implemént a method
for executing effect imparting processing to impart an effgct
to a supplied tone signal and other processing by shared use
10 of a same microprocessor, said method comprising.the steps
of: |
controlling contents - of said effect imparting.
processing, depending on an améunt of calculation necessary
for said other processing; and
15 executing said effect imparting processing on the
supplied +tone signal in accordance withi the contents.

controlled in said step of controlling.

_17. _ A machine readable recording medium containing a group
of instructions to cause said machine to implement a method

20 for executing effect imparting processing to impart an effect
to a supplied tone signal and other processing'by shared use
of a same microprocessor, said method comprising the steps
of:

selectively designating a grade of said effect imparting

This Sheet Has Been Replaced




comuni cation interface 29 performgenerally the same 15 functions as the

counterparts described in relation to Fig. 1. Figs. 16A to
16C are bl ock diagranms showi ng several exenpl ary manners in which
effect inparting processing, the subject matter of the present

i ABvention, is executed by the 20. personal conputer. In the
exanpl e of Fig. 16A the CPU 21 executes tone synt hesi zi ng processing
and effect inparting processing on di gi tal ted via
t he synt hesi zi ng processing using _RAM 24 na
effect- 25 inparted digital audio signa s from H@lﬁﬂ‘lgil "IIHHﬂIl 'ng
processing are accurul ated into the buffer RAM 24

- 42 - rédeds gy eah@d i nto anal og representatlon by the CCDEC 27 to
be uItinaté?y output to the speaker or the Ilike. In the exanpl e

of Fig. 16B, anatrgcatiihg ssghdl sefpfedkied imparting processing on the
supplied tone signal in accordance with contents
corresponding to fhe grade designated in said step of

5 designating.

18. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for e#ecuting effect imparting processing to impart an effect
to a supplied tone signal and othé; processing by shared use _
10 of a same microprocessor, said method comprising the steps
of:
detecting a tone vblume level of the supplied tone
signal; and |
exeduting said effect imparting processing on the tone
15 signal when the tone volume level deteéted in said step of
detecting is edual to or higher than a predetermined value,
but omitting execution of said effect imparting processihg
on the tone signal when the toﬁe volume level detected in

said step of detecting is lower than the'predeterminéd value.

20 19. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for executing effect imparting procesSing to impart an effect
to a supplied tone signal and other processing by shared use

of a same microprocessor, said method comprising the steps

This Sheet Has Been Replaced
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up by a nicrophone or the like are converted via the CODEC 5 27 into

digital representation and accunul ated into the buf f er RAM 24. The
CPU 21 sequentially reads out the accurul ated digital audio signals
fromthe RAM 24 to perform the effect inparting processing on the
signal s. Then, fi nal effect-inparted digital audio signals- from
the effect 10 inparting processing are witten into the hard di sk device
22 by way of the buffer RAM 24. Further, —1hn the exanpte of Fig.

16C, digital audio signal s are repreduced f ﬂmm I 11 I devi ce 22
and accumul ated into the buffer RAM 24. The l ﬂ" m u " I
reads out the accunul ated digital audio signals from‘the RAMSs =

performtheogffect inparting processing on the signals. Then, f| naI
‘effect-inparted digital audio signals fromthe effect inparting
processing are tdassbetinding tthe Cspecution of by'hway&fcﬁeqmelmBar’FéPQRAM
24, and the CODEC 27 converts the 20.digital audio signals. into anal

repr esent atboeceswing avken supply nfel &%t G@Pet osﬂﬁé‘aé-peét?ersﬁf’p?ﬁa

i ke. The CPU 21, which_executes_the effect él ng

processi ng ??PBH&“%‘FSHHef%BOerﬁﬁgﬁF?B’éanﬁﬁnﬁéW§ PRY 183 BP of

executing ot her | i cation.software ar all el t
i mparti Ag proces§$§t}m_ﬁﬁger _ rﬁ?f??‘ft’s cof:l’Frolth\g e vvever s%% ?f ect
_' nparting p{,,?ggéé's{'gg' MOLVERE JuBSAYof the tone signal is restarted.
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- 43 - load on the CPU 21 will often lead to a significant obstacle

to the CPU 21 in executing the other application software. To avoid
such a problem this enbodi nent perforns control to | essen the | oad of
te CPU 21 by mininmzing wasteful 5 operations in the execution of the
effect inparting processi ng. The | oad | essening control in
thd s enbodi ment will be described in detail below with reference to
Figs. 17A to 17D. As mentioned earlier, digital audio signals to be
sent to the 10 effect inparting procegg bg are sequentially accunul at ed
into the RAM 24, and the CPU 21 constantly nonitors the

accunul ated digital audio signals. For each period when one - or nore
digital audio signals above a pré&d@®& & i fRedA L& i t ude | evel are

supplied, - the effect inparting processing is 15 executed on the digital
audi o signal s havi ng"Beea BregessingdMethod; andhPeRAGRIA within a | atest
-one of predeterm ned tine sections preceding the current tinme point,
So as to output

An effect imparting processing and other processing are
executed by shared use of a séme microprocessor. When the
5 other processing involves a relatively great amount of
calculation, the effect imparting processing is set to a
lower grade to reduce the amount of calcﬁlation necessary for
the effect imparting processing,l so that more computing
' éapability of the microprocessor can be allocated to the
10 other processing. When the other processing involves a
' relatively small amount of calculafion, the effect impérting
processing is set to a higher grade to impart a higher-
quality effect to a tone signal. In an effect imparting
device, the level of an input audio signal may be monitored
15 and execution of the effect imparting procéssing is
discontinued when supply of the audio sigﬁal is stopped
continuously for a predetérmihed time period. Thereafter,
the effect imparting processing is resumed when the supply

of the audio signals is restarted.

20 (Figure 9)



the resultant effect-inparted signals (see Fig. 17A). Once/tizhe
supply of digital audio signals has been 20 discontinued, 0's are

accunul ated into the RAM 24 in successi on; however, the CPU 21
continues to execute the effect inparting processing on the digital
audi o signals havi ng been accunmul ated in the RAM 24 within the | atest
predeterm ned ti section (see Fig. 17B). Then, upon lapse 25 of a
predeterm ned ting since the discontinuation of the supply of digital
audi o signals, thg CPU 21 stops the
- 44 - execytion of the effect inparting processing (see Fig. 170),
because storepoata Tavimg Deemnm accunurated w tntrjt he | at est -
predeterm nedftine period are all of value "0" and]it is now
meani ngl ess tp continue the effect inparting proceqsing. 5 Then,” once the
supply of digjtal audio signals hgg\been restgqrted, the CPU321 resunes
the effect inparting prgeessing (Fig. 17D). H
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- enbodi nent ~TY

: : ' 2/12
Because this enbodi nent does not execute the effect | mparting

processing at any tinme sections when its execution 10 is neaningless,
the load of the CPU 21 is |essened accordingly, and the part of
the conputing capability of the CPU 21 saved in this way can be

all ocated to the other application software. The enbodi nent
of the present invention wll be 15 described further in relation to

~a case V\hernggmmml‘gepgkmmcg P! ti Ng pr PRREGRMANGE INFoexecuted to inpart a

. rever ber at i GiNFO. effegtyto a digital audio sjgnal. Firg. 18 is a block
i | mparting rocess executed t he
e e , WT14%HTTﬂﬁ?‘?ﬂﬁﬁﬂf‘?ﬂf‘TﬂﬂTTnﬁr‘

- di agram shqy,

princi pal conrponents i hcl ude a
30 for creating a di gi tal audio signal of
a reverberate I nput monitoring sectioni20 for monitoring
the | evel of al audi o signali supply to theireverberated tone
25 generator:30. Fig. 19 iis a bl ock di agram show ng detalls of
operations executed by the rieverberated torie generator 30 in

har dware com
reverberated t

TONE GENERATION TONE GENERATION TONE GENERATION TONE GENERATION
& EFFECT & EFFECT & EFFECT & EFFECT
‘<“--~$~ ‘\‘\~\-~s~ T~
REPRODUCTION REPRODUCTION REPRODUCTION
T1 T2 T3 T4
—
: TIME
¥ I G. 2
INITIAL . REVERBERATED TONE
REFLECTED TONE GENERATING SECTION
3 Sl 3 ;-2 33  GENERATING SECTION 34
LPF [ HPF [{oeiar |- APF {43 couB FILTER
""" "I COMB FILTER h. X+ APF L
pl COMB FILTER + APF R
+ f
L>| COMB FILTER

INITIAL REFLECTED TONE

FIG. 19



- 45 - terms of functional interrelations anong various hardwa/e

conponents, in which the generator 30 conprises a | ow pass filter
(LPF) 31, a high-pass filter 32, an initial reflected t one generating
section 33 conposed of a FIR (finite inpulse 5 response) filter, and a
reverberated tone generating section 34 conposed of all-pass filters
(APFs) and conb filters. In the enbodi nent thus arranged, the
effect inparting processi ng fwor—a-toverberation effect is carried out

in the fol l owi ng manner. H r sYAINI ROUTINEand 1)i ght - channel digital 10

audi o signals are sequentially acCetmta ot he buffer RAM 24.
The accunul ated left- and right-channel igital audi o signals are read
out fromthe buffer RAM 24 by _Pre o fn alternate manner (i.e., in
NITIALIZATI(H g : : r
such a manner that one Ieft?‘g‘i , b gt chiahnel digital audio signal is
read out after 15 rgadow—of-Qne.righ or left-channel digital audio
si gnal , and so gn), and the read-g ignals are supplied to the
reverberated tone gererator 30 via j t o¥HSng section 20.
In the reverberated tlonSgefitrS fotedTome—30 generati ng
operations are perforljned alternatel - ZYpT {oeRanngel s
under the tine-divisilonal control, so 5 gﬁé'«“'RE T bATHPROCES

YES
S4 ANY SWITCH EVENT? ok
SWITCH EVENT
NO S5 —~— PROCESS

S6 —~-{ | TONE GENERATOR PROCESSING

)

S°7 —~— OTHER PROCESSING
I

FI1&G., 3

START

S11 - INPUT RECEIVED DATA

Y

S122 A WRITE RECEIVED DATA INTO
INPUT BUFFER ALONG WITH
TIME DATA

FIG. 4




o o | 4/12
to generate digital audio signals of reverberated tones for the left-

and right-channels. Nanely, in the arrangenent of Fig. 19, for
exanple, the digital audio signals of the 25 individual channels are
passed t hrough the | ow pass filter 31 and high-pass filter 32 for
renoval of unnecessar - 46 -
spectral conponents ﬁ?QEHQTF&p audi o frequency band, and are t hen
sequentially sent tgmmmﬂqmqmmpﬁption of the initial reflected tone
generating section For—eacH--of--t-he ciramret-st he reverberated

t one generating sqct i onDATA 15 per|f or s arltﬁﬂﬁHWﬂ)Bﬁ@ ions to convolute a
train of predeter j&ﬁ coeti|i~ei.gnts ifn il audi o signals
supplied to the dqlay ! n._sd as to-gg 1 ) audi o signals
of an initial reflected‘mg for |t he channel . In the meantinme, the
digital audi o sigres—usead—i-thd 10 convoluting arithnetic operations
are sent fromthe |delay - sectlion of the initial reverberated tone
generating sectionf . .

FI1&G . S5
TONE COLOR DATA
DATA 1 WAVEFORM DATA FOR EACH PREDETERMINED RANGE

ENVELOPE CONTROLLING DATA

DATA 2 | e TOUCH CONTROLLING DATA
~-..._ | OTHER DATA

DATA 3 .

FI1G. 7

T.G. REGISTERS
CHANNEL 1 NOTE NO.
. WAVEFORM DATA
CHANNEL 2 ENVELOPE CONTROLLING DATA
NOTE-ON
CHANNEL 3 ... | TIME DATA
.._| OTHER DATA
CHANNEL 32
FIG. S
ACCUMULATION —> XL
ORIGINAL FILTER AMPLITUDE
WAVEFORM OPERATION CONTROL
GENERATION ACCUMULATION XR
(201) (202 (203)
ACCUMULATION | XX
(204)

FIG. 12



33 to the reverberated tone generating section 34, which
audi o signals of a reverberated tone for
After this,

rever ber at ed
as to provide final
The i nput nonitoring section 20 const
to be reverber

1
it egapihe)
each of which may be regarded as ha

digital

di gi tal

audi o si gnal

the digital audio signals 15 of
tones are added
digital

nore than a predetermned tine

causes the
t he

- 47 -

rever berated tone generator

CPU 21 discontiny
reverberated tone generator
audi o signals above the pre

t oget her,

nonitors t
20 di
a val ue
t he i nput

initial
for each of the channels, so
audi o signals of a reverberated tone.

5/12
gener at es
each of the channel s.
reflected and

he | evel of each

gital audio signals

"0" are supply for
nonitoring section 20

rever berate

restarted, the

St M|

| nput noni t

ASSIGN A TONE GENERATI

dring section

G CHANNEL

he process (i.e.,
$E1ihe 25

of di gi t al

20 causes the

|

PROCESS DATA OF TONE COLOR
SELECTED FOR THE PART IN ACCORD.
WITH NOTE NO. & VELOCITY

|

WRITE PROCESSED TONE COLOR DATA
INTO T.G. REGISTER FOR THE
CHANNEL, ALONG WITH TIME DATA

—— S24

4

WRITE NOTE-ON EVENT INTO THE
T.G. REGISTER

—~— S25

BUFFER XL

BUFFER XR-

FIG. 6

BUFFER XX

1ST SAMPLE OF WAVEFORM
DATA

1ST SAMPLE OF WAVEFORM
DATA

1ST SAMPLE OF WAVEFORM
DATA

2ND SAMPLE OF WAVEFORM
DATA

2ND SAMPLE OF WAVEFORM
DATA

2ND SAMPLE OF WAVEFORM
DATA

3RD SAMPLE OF WAVEFORM
DATA

3RD SAMPLE OF WAVEFORM
DATA

3RD SAMPLE OF WAVEFORM
DATA

128TH SAMPLE OF WAVEFORM

DATA

128TH SAMPLE OF WAVEFORM
DATA
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Fig. 20 is a flowhart illustrating
I nput nonitoring section 20. Upon start

predefernined initialization is effected at

a subroutine rel ati o the
of 5 the subroutine, @ﬁi
step S71, where initial

values "0" and "1" are witten into an input tinme register | NCNT and
reverberation inpartnent flag REVCHK, respectively. The programthen
goes to step S72 gdex to determ ne whether the level IN of a
digital audio 10 sioﬁﬂwkrto be currently sent to the reverberated

t one generator .30 1Is om1enough to be safely regarded as "0",

i.e., whether the leve R es a condition of -50 < IN < 50.

process is executed byN® hEe rever ber at eq
and the program | oops back to step
IN of a digital audio signal to bd

p~S/831" 0"
573 and 15

step S5,

S witten into the
"1" is witten into the
at_step S74, after which the
a determnation is nade as

PITETTC 1T ag CHK is currently at
irrently at 20

RBSERVE DRTAOSTGRED AN  —~—8®& ting
Tt @nREGISTER, (ﬂgl‘mﬁ:o 30 at step S76,
GENERATING & El whenever the |evel

g{?ﬂﬁﬁlE g&ngarated tone ’

[

generator 30 is 25 greajer than the
t he

CHECK TIME-SHIFT FLAG OF DMA CIRCUIT

t he process by
~—S34

HAS THERE BEEN A SHIFT -

YES

v

0 NEW TIME SECTION ?

S35

NO

COMPUTE MAXTMUM CALCULATION
AMOUNT FOR T.G. PROCESSING,
& CONTROL EFFECT IMPARTING
PROCESSING DEPENDING ON
ALLOWABLE CALCULATION AMOUNT

~—S36

3

TONE GENERATING PROCESING |~—S37

v

DETERMINE A GRADE OF EFFECT

IMPARTING PROCESSING THAT CAN
BE COMPLETED WITHIN REMAINING
TIME OF CURRENT TIME SECTION

—~—S38

S39

S40

RESET TO GRADE
gg¥MMHEDATEﬂEP

NO

EFFECT IMPARTING PROCESSING

~—S41

3

WRITE TONE SIGNALS IN OUTPUT
BUFFERS TO RESERVE THEM FOR
REPRODUCTION IN THE NEXT
TIME SECTION

~—S42

F I G



reverberated tone generator 30 is conducted. The condition /12
- 48 - "-50 < IN < 50" used for the signal |evel determ nation may
be changed to any optional value as long as it provides a sui tabl e
means for detecting that the signal is at a sufficiently |ow | evel
~(-50 to -60 dB). 5 Once the level IN of the digital audio signal has
becone | ow enough, an affirmative (YES) determ nation results at '
step S72, the program prpceeds to step S78 to increnent the stored
content of the input reglster INCNT by one. Then, ap- “next step S79, a
determination is mde as|to whether the 10 input~ reglsggyZiﬁﬂﬂﬁﬂls
currently at LACLABIYma|ter—than “100000" 7 g
answer, the pﬂW@ﬂHﬁ]ﬁDves to step S75 to
reverberation imparfrent flag REVGHK |
flag REVCHKIlis currgntly at "1" as'\d
reverberation inparting|SOFTWRESS IS
tone generator 30 at st epT.S7EROCESSENG

erm ne whet her the
at . "1". If the
St ejpNi> GENERATENG 15
Bt-B2) | by it he PROCESSINGver ber at ed

/

B1l

B2
| EFFECT TMPARTING
i / PROCESSING

X0 X1 X2

FIG. 10



program | oops back to step S72. Thereafter, as long as the sugpll ed
digital audio signal maintains the extrenely | ow | evel I'N, the _
reverberation inparting process is performed 20 on the signal at step
S76, although the stored content of the i nput register INCNT is

i ncrenmented as the tinme passes. ' Wth the above-nentioned
operations, the input register | NCNT keeps recordi ng each el apsed tine
since the sufficiently low level of the digital audio signal is first
25 detected. As kong as -step S79 determines that the input tine

register INCNT is a val sl I er than "100000", it is

- 49 - possi bl'e t hat rgserberated tone corresponding to previously
supplied digital e} s%g‘-ls,qtill remains in the reverberated tone
generator 30 altheugh t hegigre\gf | ow | evel , and hence the
reverberation inparfi 34 SoRtHtes—t-o—Re—exeett-etat st epyS76.
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9/12

The standard value to be conpared with the stored val ue of the input
time register I NCNT need not necessarily be "100000" and nmay be
optionally set within a range where a reverberated tone that should be
output can be generated in 10 appropriate nmanner; besides, this standard
val ue need not be 3 xed val ue. Speci fi cal I y, the standard val ue
my be chosen sue reverberation inparting process

continues to be executeed—hy

2 e rever berated tone generator 30 at step
S76 until about 5 - 10 sends has passed since 15 the level of the input
digital audio sigma__LF n edeterm ned | ow | evel . The

st andard val ue rraccﬂﬁd JEtG fé"}‘g] i Eﬁaﬂﬁﬁ the user, or may be
automatically set depend| ) on a given reverberating tine in the

reverberated tone 30. 20 As nentioned above, the
reverberatlon Lrarti r}gYpEWcDﬂAa sQt i mYES to be executed at step S76

as | ong as - ' nd)erITTEN INTO iANE OFe
@M@% ached a val ue

100000 QN C Y g '
5 negat [ VE setye a3\ ,{gsslég at

not smaller 5@3 100000
step: S79, and "0" sy geiNgt ijon 1 npart ment
flag REVCHK at step S80, after which INTHE NEXT TIME SECTION :

]

CHECK TIME-SHIFT FLAG OF DMA CIRCUIT [~— S54

: S THERE YES
EEN A SHIFT TO NEW TIME
ECTION?
S55

NO TONE GENERATING PROCESING S56

L

DETECT VOLUME LEVEL OF
EACH TONE SIGNAL ~—S57
STORED IN BUFFER XX

LEVEL < THRESHOLD
VALUE? S59

S68
INSTRUCT OMISSION OF EFFECT
NO IMPARTING PROCESSING
|
EXECUTE EFFECT IMPARTING ~— S60

PROCESSING, OR OMIT EXECUTION
OF EFFECT IMPARTING PROCESSING

|

WRITE TONE SIGNALS IN OUTPUT [~—S61
BUFFERS TO RESERVE THEM FOR
REPRODUCTION IN THE NEXT TIME
SECTION

FIG. 14



50 -

t he program noves to step S75.
determ nation results at step S75 and then the program
step S77 in order to wite "0O"

program | oops back to step S72.

supplied digital
the reverberation 22

audi o si gnal

5

into the buffer,
Ther eafter,

This time,

br an

a negatijve

MéR2 ¢ o

after which the

as long as the
mai ntains the extrenely | ow | eve
| nparti2x® process iz4not execE&®d at s S36 and

I'N,

"O's arenézle sequenfially wit¢en into the buffer duri ng mhr@h time the
i nput ti gi ster [TINCNT] keepS T efent i f s sto ue
one. 3 Then] “trnce|t he IE@ | N of |taI % ﬁ( Si éﬁ%ﬁu}lﬁ@gl&y
I ncreased cause pegalli ve determhat i ol t at T 0
witten injo the |nput tlne registg INCNT at step 873 and "1" |s
witten in|]@ PRE ev A A A 1. e~ Qe
After this} the prograjp goes via step S to step S76, in order to
execut e the Tever bej ol DALt Ing pfoce by nea th
reverberated tone gr=--T .Enr 1 ﬂir it i s] $%8%be uno- g qgih%&&
t he programtakes e p S/ _faor the fi e a r sunpti
25 26 27
FIG. 15
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20 subroutine, the stored contents in the delay section and

i ndi vi dual
of each digital
i nput nonitoring

audi o

filters are initialized.

As descri bed above ll{¥e | evel

signal to be reverberated is checked by the

section 20, and the reverberation inparting process

is 25 executed by the reverberated tone generator 30 only as |ong as
the arithnmetic operatiomnvuprsegNale neani ngf WuTFUESSUGRAL

- 51 - VWiile t abovg—embottn qﬂﬁ@gajhe present invention has
been described jn relati t hd BFEEEEr perlat i_nparting process, the
pr esent inve%g E V‘Yof cour se E%ﬁ%@ﬁ@ﬁgc‘fﬁ_—* i npart ment of anot her
effect such as chorus or distortilon The i nvention described so

far with reference to Figs.

execution of the effect
supply of audio

si gnal

15 to 20 is characterized in that the
imparting IProgesS Ng i3 dwscant i nued when the
is stopped continuously for a predeterm ned

tinme period and is resuned when the su @é% of audio signal is 10
restarted. Wth such an arrangenent, the 5ﬁ MG yvent i on
EFFECT
SIGNAL SUPPLY INPARTING M
DISCONTINUED PROCESSING '
¥F I G. 1 7 B
PREDETERMINED OUTPUT SIGNAL
TIME PASSED > >
F I G. 1 7 C
INPUT SIGNAL OUTPUT SIGNAL
. MW EFFECT -
SIGNAL SUPPLY INPARTING M——)
RESTARTED PROCESSING
¥ I G. 1 7 D
L
+
BUFFER BUFFER
20 30
/~/ /_/ L
INPUT REVERBERATED
MONITORING TONE
GENERATOR
¥F I G. 1 8



achieves the benefit that it can efficiently execute the ef fect 12/12
I nparting processing on audi o signals wthout - invol ving wast ef ul
arithnetic oper ati ons of t he- m croprocessor or other conputing
nmeans. CLAI M5: - 1. A tone processing nethod
for executing effect inparting processing to inpart an effect to a
supplied tone signal and 5 for executing other processing by shared use
of a same m cr opr ocessor, said nethod conpri sing: a first
step of controlling a grade qof | nparting processing,
dependi ng on an anmount of cal necessary for said other
processi ng; and 10 a of executing said effect

i mparting processi ng oj one¥dgnal in accordance with
t he

INITIALIZATION
INCNT « 0
REVCHK « 1

S72
NO

S78 S73
b~

INCNT « 0
S74

REVCHK « 1

REVCHK«O0

NO
REVCHK = 1
?
YES S7T6 S7T7
~ \ 7
REVERBERATION IMPARTING PROCESS WRITE “0 " INTO BUFFER

F I G. 2 0



the grade of said effect inparting pr-oce55| ng c%'%%’q‘ Po Sscé’mfl rst

st ep. ' 2. A tone processing nethod for executing
15 processing to inpart an effect to a supplied tone sijgrREPLAGEMENT SHE@H

executing other processing by shared use of a same m
Illpq%pA@rﬁﬁg qg

—h

said nethod conpri si ng: af irst step of contr
sai d_effect | nparting processing, depending on an
calculation 20 necessary for said other processing; an
second step of e xecuting said effect inparting
the supplied tone signal in accordance 4ith the th
in said first step. wherein said first step of controlling the
grade of said effect inparting processing includes
renovi ng omraseeds eto step S41 with the previously set grade left

proceSS|ng on

unchanged.

The reason why the effect imparting processing grade is
reconsidered here is that if the grade set at step S36 is
5 continued to be used, the effect imparting processing may
sometimes not be completed within the remaining time of the
section due to some new conditions afising after step S36
(e.g., in a situation where a time more fhan expected was
taken for interrupt processes of the application: software
10 being executed by the CPU 1 in parallel with the soffware

tone generator processing).
néE_sfep S41, the tone signals are read out from the
buffers XL, XR and XX (Figs. 13A to 13C) and the effect
imparting processing to impart an effect Selected by the
15 switch event process (stép S5 of Fig._3) is performéd on the
read-out tone signals on the basis of the amount of
calculation corresponding to the grade set at step S36 or
S40. Then, the tone signals having undergone the effect
impgrting processing are written into the left- and right-
20 channel output buffers XL' and XR', respectiVely. Details
of the effect imparting processing are as described above in
relation to step S36 with reference to Fig. 11. By executlng
the effect imparting processing in the thus- controlled
manner, the software tone generator processing and
25 application software executed in parallel with the tone

generator processing as'well'can be appropriately completed



bl ocks formng an algorithm of said effect' i nparting - processing
and reviving the renoved bl ocks, and wherein the al gorithmof said
effect inparting processing conprises a 5 conbination_of one or nore

f-of

-al.gorithmunits and said blecks - correspond to sai A

‘3. A tone-processing nethod as defined in claim2 whe e'AﬁﬁbEMEWLE%@

the one or nore blocks in said first step is execut pd bl ock by bljock
in a predeterm ned order. 10 4. A tone processinp jreOrbdARs 1298 i ngd
in claim2 wherein removal of the blocks in said fiyst step is
execut ed bl ock by bl ock in such orger_that one offthe bl ocks Wwnose
renoval contributes nost to reduction of an anmount—of necessary
calculation is renoved prior to the other bl ock. 15 5. A tone

pr ocessi ngemetheadoasotethaedf fact| anpaZtivig rmracessingpeses iRy 0f17€9ch. of

t he bl ocks renoved in said first step I s weakened progressively in

sai d secontiesagpe stored data hawmy peercsscuguisteddwithimfthedatest ai m 5
wherein an effect on a listener's auditory.sense caused by a change

20 in oper RrRériprEdRescténpsppEiodf asacalipf YakeRe@blRk 3% 1s now

cancel | ed out b% iarying operational characteris{ics of the ,
meaningless to continue the effect imparting processing.

5 Then, once the supply of digital audio signals has been
restarted, the CPU 21 resumes the effect imparting processing
(Fig. 17D).

Because this embodiment does not execute the effect

imparting processing at any time sections when its execution

~10 is meaningless, the 1load of the CPU 21 1is 1lessened

accordingly, and the part of the computing capability of the

CPU 21 saved in this way can be allocated to the other
application software.

The embodiment of <the present invention will be

15 described further in relation to a case where the effect

imparting processing is exécuted to impart a reverberation

effect to a digital audio signal. Fig. 18 is a block diagram

showing the effect imparting process executed in the

embodiment in terms of functional interrelations among

20 various hardware components. The principal components -

include a reverberated tone generator 30 for creating a

digital audio signal of a reverberated tone, and an input

monitoring section 20 for monitoring the level of each

digital audio signal suﬁply to the re&erberated tone

25 generator-30. Fig. 19 is a block diagram showing details of

operations executed by the reverberated tone generator 30 in



<

ot her bl ock | eft unrenoved. o w .
et hod for executing effect inparting.: -

. to a supplied tone signal and - for executing other gr VoS
use of a sane . m croprocessor, said nethod conprisi rg%p@émw §ﬁ¢ rq

| nparti g jprocessi ng,

'step of controlling a grade of said effect
dependi ng on an anount of cal cul ation
" processing; and aisecond step of

processing on the supplied tone signal in accordance w

grade controlled in said first step,

section having a predeterm ned reﬁatﬁ. sai d method executes tone

7. A

tone processing

processing tq.inpart an effect

necessary foj
executing sa

$ai @40¢her1999

h the 10 The

wher ei n

dieffect inpart|ng

each tine

—+

generating processing to generate tone signals in a specific nunber of
tone generatb0g< IN <CHAMeIsed Fore YN EIHhd D Ferdledd termiideionimdpnes

to be

10

15

20

25

be changed to any optional value as long as it provides a
suitable means for detecting that the signal is ét a
sufficiently low level (-50 to -60 dB).

Once the level IN of the digital audio signal has become
low enough, an affirmative (YES) determination results at
step S72, the program proceeds tp step S78 to increment the
stored content of the inpﬁt register INCNT by one. Then, at
next step S79, a determination is made as to whether the
input register INCNT is currently at a value smaller than
"100000". With an affirmativé answer, the program moves to
step .S75 to further determine whether the reverberation
impartment flag REVCHK-  is currently at "1".  If the flag
REVCHK is currently at "1" as determined at step S$75, the
reverberation imparting process is executed by the
reverberated tone generator 30 at step S76, after which the
program loops back to step $72. Thereafter, as long as the
supplied digital audio signal-maintains the extremely iow
level IN, thé reverberation imparting process is performed
on the signal at step S76, although the stored content of the
input register INCNT is incremented as the time passes.

With the above-mentioned operations, the input register
INCNT Kkeeps recording each elapsed time since the
sufficiently low level of the digital audio signal is first
detectéd. As long as step S79 determines that the input time

register INCNT is at a value smaller than "100000", it is



reverberation impartment flag REVCHK at step S80, after which

n

on

15 simultaneously generated and said effect inmparting processing o]
‘the tone signals generated by said tone generating processi ng, and
wherein said first and second steps are performed for each said tine
‘section. 8. A tone processing device conprisingge
‘processor nmeans for executing effect inparting ’%ﬁ ﬁME@Tﬁ@EFB
I npart an effect to a supplied tone signal and ~of h processi ng jy
shared use of a same m croprocessor; and (o]0 troﬂfhéﬁwsﬁﬁp
controlling a grade of said effect i nparting processing, dependifng
an anmount of cal cul ation - 49 -
necessary for said other processing. 9. A tone_praocessing nethqgd
for executing effect inparting processing to inpart an effect to a
suppl i ed t pussiljiealthartda revefberakedttone coreresponddsg tg pwevhouslly use
of a sanme
supplied digital audio signals still remains in the
raverberated tone generator 30 although they are of low
level, and hence the reverberation imparting process
5 continues to be executed at step S76.
The standard value to be compared with the stored value
of the input time register INCNT need not necessarily be
"100000" and may be optionally set within a range where a
reverberated tone that should be output can be generated in
10 appropriate manner; besides, this standard value need not be
a fixed wvalue. Specifically, the standard wvalue may be
chosen such that the reverberation imparting process
continues to be executed by the reverberated tone generator
30 at step_g76 until about 5 - 10 seconds has passed since
15 the level of the input digital audio signal fell below the
predetermined low level. The standard value may be set
optionally by the user, or may be automatically set depending
on a given reverberating time in the reverberated tone
generator 30.
20 As mentioned above, the reverberation imparting process
continues to be executed at étep 876 as long as the input
time register INCNT is at a value smaller than "100000".
But, once the input time register INCNT has reached a wvalue
not smaller than "100000", a negative (NO) determination
25 results at step S79, and "0" is written into the



5 m croprocessor, said nethod conprLsing;' o " a first step of

‘sel ectively designating a grade of said . “ieffect inparting processing,
wherein the nunber of cal cul'ati ons associated with said effect
.inparting processing vari es according to the gr ; —1

: nunber gjﬂT}Q_QnggLaLLQns—increases as the grade bedomESLACTMENT: SH
a second Step of exe g said effect £nparting cessing on tjhg "~
s SN
grade de
devi ce coﬁprfsihg: processor . neans for eike
| nparting processing to inpart an effect to a supplied tone signal

obrﬁwqjggg t

tone processin

: H!ﬂc'cordance wi t Bt he gra
first st ep. 15 10.

ot her processing by shared use of a sanme m croprocessor;,—and :
operator means for selectively designating a grade of 20 said effect
I mparting processing, said processor neans executing said effect

I nparting processing on the supplied tone signal in accordance with

t he grade cGEdbEHEﬁang to the grade desi gnat ed by sai d operator

neans.

" i. A tone processing method for executing effect imparting
.processing to impart an effect to a supplied tone signal and

5 - far executing other processing by. shared use of a same

microprocessor, said ﬁethod comprising:

a first step of controlling a grade Sf said effect
imparting proceSSLng, depending on an amount of calculation
necessary for said other processing: and

10 a second step of executing said effect imparting
' processing on the supplied tone signal in accordance with the

the grade of said effect imparting processing controlled in

said first step.

2. A tone processing method for executing effact 1@E§rting

15 processing to impart an effect to a supplied tone signal ags

for executing other processing by shared use of a same

micréprocessor, said method comprising:

a first step of controlling a grade of said effect.

imparting processing, depending on an amount of calculation

20 necessary for said other processing: and

a second step of executing said effect 1imparting

processing on the supplied tone signal in accordance with the
e —

the grade controlled in said first step,

wherein said first step of controlling the grade of said

fhe

and



56 11. A tone proéessing met hod for eXecuting effect inparting

5

15

20

processing and reviving the removed blocks, and wherein the

algorithm of said effect imparting processing comprises a
E—

combination of one or more algorithm units and said blocks

correspond to said algorithm units.
e

*»

3. A tone processing method as defined in claim 2 wherein

removal of the one or more blocks in said first step 1is

executed block by block in a predetermined order.

4. A tone processing method as defined in claim 2 wherein
removal of the blocks in sald first step is executed block
by block in such order that one of the blocks whose removal
contributes most to reduction of an amount of necessary

calculation is removed prior to the other block.

5. A tone processing method as defined in claim 2 wherein

"operation of each of the blocks removed in said first step

"is weakened progressively in said second step.

6. A tone procéssing method as defined in claim 5 wherein
an effect on a listenérfs auditory sense caused by a change
in operational characteristics of each said removed block is
cancelled out by varying operational characteristics of the

other block left unremoved.

‘processing to inpart an effect to a supplied tone signal and ot her
processi ng by shared use of a same m croprocessor, sai nethod
.conprising: -5 —a-first ctnp of detecting a tone|vaEproeheng! Sl‘H’fETt e

*supplied ton a second step of ¢xegedttng—Sat-d- ct
| nparting jmu aﬂh!“ﬂi‘ﬂ he t one gggna when t hejtdne_ vol une | ev I
detected-in : _ equal t®2or higher tha 4 8¢ %red@?% 1 nped
val ue, but om'tting executlon of said effect |np4rtinq processin n
t.-he tone signal when the tone vol une | evel detectled in said first gtep
is |lower than the predet erm ned val ue. 12. i

net hod as defined in claim1l wherein 15 for each tinme section having a
predet erm Ne¢reeRdlillpaidifly proclBsiRg MRANRS UG!G Nor PhEEESSI NG
to generate tone gnal s in a spéci |c nunber of tone generating
channel s blo@ﬁbreiaﬁﬂﬂhﬁg &R aaﬁi&%&fﬁﬁiTBEﬂﬂﬂaﬂ& teFFRTtt OibParting



si mul t aneously generated and said effect inparting processing 20 on the

‘tone signals generated by said tone generating - processi ng, and wherein

‘said first and_second steps are perforned for each said tinme section.

13. ‘A tone proceSS|n devi ce conpri sing: : efecting neans for

s detecting a to Fﬂwfmumf a REPLACEMENT SHEET

57 _ suo processol preaRs—IoF

executing effect' |npart| proc§§5|ng to i npaft aq}effect to the
[
S

suppl i ed tone signal and ot her processing; and |5 4 MARGEMUcti pg
means for instructing said processor neans to om ¢ _execution of|spid
effect inparting processing when the tone volung | evel detected by
said detecting neans is | ower than a predetermnm hed—alue

7. A tone processing method for executing effect imparting

processing to impart an effect to a supplied tone signal and

for executing other processing by shared use of a same

microprocessor, said method comprising:
e —

5 ' a first step of cdntrolling a grade of said effect

imparting processing, depending'bn an amount of calculation

necessary for said other processing: and

a second step of executing said effect imparting

processing on the supplied tene signal'in accordance with the

10 the grade controlled in said f£irst step,

wherein for each time section having a.predetermined

length., said method executes tone generating processing to
generate tomne signals in a specific number of tone generating
channels corresponding to a specific number of tones to be

15 simultane_oﬁsly_ generated and said effect imparting processing
on the tone signals gererated by said tone gene;ating
processing., and wherein said first and second steps are

performed for each said time section.

8. A tone processing device comprising:

20 processor means for executing effect imparting
processing to impart an effect to a supplied tone signal and
other processing by shared use of a same microprocessof; and

control means for controlling a grade of said effect
. Y e

imparting processing, depending on an amount of calculation



14. An effect inparting devi ce conprising: 10 cal cul ati ng neans for
_performng various arithmetic operations, said cal cul aton neans
“performng an execution of effect inparting processing

. toinpart a f:fect to an audio signal; and

= control means f he execution of fT T i fparting
pr.ocessi ng when' mgma‘ H e audi o siggnal . ils ﬂg@%ﬁﬁ!‘&ﬁi %&tﬂumsl y for

a predeterm ned tine period and umi ng the dxecution of theleffect

i nparting processing when the supply of thelaldi®4siyRAP99s |r¢start ed.

15. A nethod for executing effect inparting prodessing to 20 ijngart an

effect - to a supplied tone signal and other protesstng by shaned use

of -a same m croprocessor, said met hod conprifsi ng the steps

dlscontlnU|ﬂgcéggagyegyflgglgﬁoﬁﬂgrE?jdggsgﬂﬁ@arting processi ng when
supply of the tone signal is stoppe

9. A tone processing method for executing effect imparting
processing to impart an effect to a supplied tone signal and
for excuting other processing by shared use of a same.

5 microprocessor, said method comprising: .
a first step of selectively designating a grade of said

effect imparting processing, wherein the number of

calculations associated with said effect imparting grocessing

varies according to the grade such that the number of

10 calculations increases as the grade becomes higher; and

a second step o0f executing said effect imparting
processing on the supplied tone signal in accordance with the

grade corresponding to the grade designated in said first

step.

15 10. A tone pfocessing device comprising:
processor means for exeéuting effect imparting
processing to impart an effect to a supplied tone signal and
.» other prgcessing by shared use of a same micréprocessor; and
operator means for selectively designating a grade of
20 said effect imparting processing, said processor means
executing saild effect imparting processing on the supplied

tone signal in accordance with the grade corresponding to the

grade designated by said operator means.



continuously for a predetermned tine period; and resum ng the
“execution of the effect inparting processi ng when the supply of the
“tone si gnal is . A machi ne read um
_for use in effe I’OCESSI ng to inpart rREeLA@EMEN!oSHEET
= supplied tone l!!'li“mmiﬂa Eﬂ perform ot her procespi white—sharijng a
i croprocessor, i ni ng%{grogram i nstrugt OBSs pan 1 eclutjabl e
cbm roI

by .sai d mcroprocessor to performthe steps of: I'ng| al
grade of said effect inparting processing, 10 depenfi Df

cal cul ati on necessary for said ot her processing; {and

executing said effect inparting processing on the seppted—toneSi gnal
in accordance with the grade cont roI | ed in said step of controlling.
5 17. ch ?q:%l@ | f 5

| mparting gocesérﬁ%ﬂf e"ssrﬁ-; ?gggﬁ%%{%& ?Sﬁfé %artmggnal and
to perfor mﬁ&&sﬁr@%%shﬁgaml hﬁ PPt OO AR a supp'l‘x%ﬁolﬁbﬁée§§@ial saridl

medi um contai ni ng program I nstructions execut abl e by said

M Cr opr ocesstlel proeessingt by siepsd afse 0202 same mielreproeekgodessaidhti ng a

grade of said effect inparting processi ng, wherein the nunber of
cal cul at i ormetheboiammedsing: _

5 a first step of detecting a tone volume level of the
supplied tone signal; and

a second step of executing said effect imparting

processing on the tone signal when the tone volume level

detected in said first step is equal to or higher than a

10 predetermixjxed value, but omitting execution of sald effect

imparting processing on the tone signal whén the tone volume

level detected in said f£first step i1s lower than the

predetermined value.

12. A tone processing method as defiped in claim 11 wherein
15 for each time section having a predetermined length, said
method executes tone generating processing to generate tone
signals in a specific number of tone generating channels
corresponding to a specific number of tones to be
simultaneously generated and said effect imparting processing
20 on the tone signals generatad by said tone generating
processing, and wherein said first and second steps are

performed for each said time section.

13. A tone processing device comprising:

detecting means for detecting a tone volume level of a



with said effect inparting processing varies acCofding to the gr ade
such that the nunber of cal culations increases as the grade becones

“hi gher; and____~__________~_~T executing said effect inparting

,proceSSS| on the ied tone signal in a ' | he
: grade rﬂ"m ’wmuﬂﬂmmnﬂt he grade designated in shiREPLASPMENT SHEET
deS|gnat| chine rea | e recording fram T or use ip

ef f.ect |rrpart| ng f)rote55| ng to i rt an effect ad;grmtﬁq@q ope
signal and to perform other processing while sharing m cr opr ocgssor,

sai d nmedi um contai ning program i nstructions exec t&bLe—by—eard-r
m croprocessor to performthe steps of: 10 det gcting a tone volu
| evel of the supplied tone signal; and executing sal d effect

imparting p the tone signal when the tone volunme |eve
det ect ed |n£§§§ e@ é# £&gﬁé¥knectlng s equal to or higher than a

predet erm ned Vabyscesslér bitfea@i t 10 e¥gEHLERGOT ¥Fltel faRtadvlRy ti ng

processi ng
processing to impart an effect to the supplied tone signal

and other processing; and

5 instructing means for instructing said processor means
to omit execution of said effect imparting ﬁrocessing when
the tone wvolume level detectéﬁ %y said detecting means.is

lower than a predetermined value.

14, An effect imparting device comprising:

1o - calculating means for performing various arithmetic
operations, said calculaton means performing an operation for
execution of effect imparting processing to impart a
predetermihed effect to an audio signal; and

control means for discontinuing the execution of the

15 effect imparting processing when supply of the audio signal
is stopped continuously for a predetermined time period and
resuming the executlion of the effect imparting processing

when the supply of the audio signal 1s restarted.

1is. A method for execgting effect imparting processing to

20 impart an .effect to a supplied tone signal and other

processing by shared use of a same microprocessor, said
method comprising the steps of:

discontinuing the execution of the effect imparting

processing when supply of the tone signal is stopped



€ on

on the tone signal when the tone volume'level detected in said step of
“detecting is lower than the predeterm ned val ue. 19. A machine
readable recording nedlun1for use in effect i mparting processing to

an effect to a su one 20 signal and to_periorm-other
proce55| ngiww “m; mL mi croprocessor, sai|d REPUAGEMENTNSHEET g
st eps of: dlscontan|ng t he ecution of {the tijng
processi ng when supply of the tone signal is stopp slly for
the effect inparting processi ng when the supply of the tone sijgnal
is restarted. '

programin ecutabl e by said m crogr orm t he
ff eGh Fﬁgar
81 ?ont oy
a predetermned tinme period; and = .- resum ng | of
continuously for a predetermined time period: and

resuming the ' execution of the effect imparting

processing when the supply of the tone signal is restarted.

16. A machine readable recording medium for use in effect
: ——t

5 imparting processing to impart an effect to a sugplied tone

signal and to perform other processing while sharing a

microprocessor, said medium containing program instructions
-~ - ) .

executable by said microprocessor to perform the steps of:

controlling a grade of said effect impa.rting processing,
10 depending on an amount of calculation necessary for said
other processing; and .

executing said effect imparting processing on the

supplied tone signal in accordance with the grade controlled

in said step of controlling.

15 17. A machine readable recording medium for use in effect

imparting processing to impart an effect to a supplied tomne

signal and to perform other processing while sharing a

mlcroprocessor sald medium containing program instructions
———————————

executable by said microprocessor to perform the steps of:

20 : selectively designating a grade of said effect imparting

processing, wherein the number of calculations associated

with said effect imparting processing varies according to the

grade such that the number of calculations increases as tEfL

‘ggade becomes higher; and
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executing said effect limparting progessing on the

supplied tone signal in accordance with the grade

corresponding to the grade designated in said step of

designating.

18. A machine readable recording medium for use in effect

imparting processing to impart an effect to a supplied tone.

gsignal and to perform other processing while sharing a

microprocessor, said medium containing program instructions

executable by saild microprocessor to perform the steps of:

detecting a tone volume lavel of the supplied tone
signal; and |

eXecuting said effect imparting processing on the tone
signal when the tone volume level detected in said step of
detecting is equal to or higher than a predetermined value,
but omitting exscution of said effect imparting processing
on the tone éignal when the tone volume level detected in

sald step of detecting is lower than the predetermined value.

19. A machine readable recording medium for use in affect

imparting processing to impart an effect to a sggglied tone

signal and to perform other processing while sharing a

microgxocessor, said medium containing program 1nsttuctions

executable by said microprocessor to perform the steps of:

discontinuing the execution of the effect imparting
processing when supply of the tone signal is stopped
continuously for a predetermined time perilod; and

resuming the execution of the effect imparting

Processing when the supply of the tone signal is restarted.




