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GENERATI ON DEVI CE AND METHOD, DI STRI BUTI ON MEDI UM AND DATA RECORDI N 2002
MEDI UM FI ELD OF THE | NVENTION This invention relates to 2AQWRIYE2SOLat i on
devi ce and nethod, distribution nedium and data recording nedium More

specifically, the i nventi on relates to a tone generation deV|
di stribution nedium'and data recordi ng nmedium 10 wherein a c B&\@ﬂ \ mm
nmethod is used in which little tinme is required to expand the nni ng
part of the data for generating one tone, or no conpression is don Qo616

for the other part, conpressed toDESARIRTIONused using a hi gtﬂ“\mmﬂ‘m“\ﬁﬂnﬂ
nmet hod, and while the beginning part of the data is being

expansi on- processed and played, the other part is being processedgotiter eby
maki ng the delay time fromwhen the request is made to 15 play a prescribed
t one unti ITONE{GENEBRATIONPBYICE ANRMETHOD, BEXTRIBEAIRERGERDUGE AND

| NVENTION I n an el ectronic nusical instrunent or gane nmachi ne, user
operation occurs randonmy, dATARECOBPINGMERIEM o0 be pl ayed cannot be
anti c%at ed and it has been 20 inpossible to generate tones by predicting

user erations for sound-expression requests. One requirenment for an
el ectronic musical instrunent or game nachine is that when a request is

made for one, it nust be played i medi atel y. In order
to handl e suc redi.ctabl e requests for inmediate ress t he tone
data used in hT'é‘é VERHN FRIAPS Q2 qp%gqnﬁﬁé‘ﬁflge‘éiﬁ?ja‘&é’ﬁ@ﬁﬂg IQ‘?as ei t her

Whose. pr dBBUNEN T SSME GG dMorsPeRBrtl. Hsdnust rteesZsS«eé%Bv%“ hod
dapt dul a SEh ?~~1~ 2 |
SR it PElaBbR AbLES o inB e R SHH TR thx%ge%usae .‘“é’b%rg TG AtrAC 27
have 1@%%%&&0 t%g) ﬂsﬁldﬁ'xﬂé}hs& nﬁwnﬁxmﬁnﬁm& lﬂea@m ﬁé'ﬂ%ﬂ

t echni ques ese I ques provid Igh soun | ct the com ng

data (notpepaMingdpdresk Y aia e6r ééﬂ@(aﬁ%@ﬁ@toh@ d?rng%BmtpR:ssﬂél?Tsrc%ﬁQ dndgodat a, and
are making it possible to rea si ¢ playback machines that can generate

tones. ADREMHRAParE, E@éﬁ&cﬂt@h@dit@ isRed usihf 4 highdsbriptE¥dlonnéiRey, @AdPr ess dat a
to about 1 /10 to 1/ Furt hernore, the sound obtained by expandl ng data
conpr ess eshibythAbBEGniAgipart of dseatatd 8 being erpargloneprossasaiding phagedyrthe othepr essed
sound) than is the sound obtai ned by expandi ng data conpressed by ADPCM
However, paTRAGeRgipnuessed, thetebpwiaking(thbdelty GMe fohdyher the expiestgs tmadelen f or
conpr essi on and expansi on than does ADPCM and for this reason it has been
consilder enlaym preseréigddoneountid litdis played wnnetis¢abdd toithswsennent s and game nachi ne,
in which user requests for sound generation nust produce the desired
expression i mTEdI ately. AI so, in an electronic nusical instrument or gane
machi ne, of multiple tones are sonetimes nmade
si mul t anex bl em t hat not al | the tones can be

enerated (e ' es d f a conpres on net h ring hea
groce55| ng( Xﬁllrf’t‘? ngse ?héﬁé‘@‘@&‘%&%‘&ﬂ%@ﬁ/%ﬁﬁ%c STYSET § N?Ic%‘i}a‘?lhegpres\é%t

when t he e @ iﬁé@%g@ﬁ S NS e ST Ny
encogyyng g&%@ﬁblﬁ‘? ?ascé %%Q1ctxl u§er ?ﬁaggr?sff%}(sc{uﬁagégégﬁ g hat is

conpressed "usi ng d eren ressi gl nni ng part and

the otherrepdts Anet r@@.\e g-ﬁﬁdegxt i;d? Q‘f‘é&%ﬁfc'nﬂﬂn&f‘ﬁnsﬁr@rﬂ&é Q%g@ofaéﬂnﬁé ;Sr[gatpart of

t he expanS|on proces The tone generation e present

invent i Or\vfi@xsa éﬁﬁ&f‘f&' rH&le”E%ﬁ‘gl% itnE% préeABEd foREGt ﬂﬁét%e%%%d frhinBdialy. fin’ St data

t hat either ot conpressed i's conpressed f1'rst corrpreSS| on
met hod had’rti&&o%aﬁch@"sﬁchtddﬁ?ediﬁﬁlﬂb rré?ﬂeit?for@Pﬁﬂﬁﬁﬁt@ékp%sﬂ@&&ﬁé taedrd 2 5 SF-

used in electronic musical instruments and game machines has either not been
25  compressed or has been compressed using a compression method whose processing
time upon expansion is short, such as, for example, adaptive differential pulse-coded

modulation (ADPCM).



PCT/ JP99/ 02502 3 second data that is conpressed by a second conpression
nmet hod having a tine required for expansi on processi ng which isazonger t han
for the first conpression nethod; a first output means that expahds S§ai 17
first data as necessary anong the data read by the readi ng nmeans and
outputs it; and a second out put neans that expands and outputs said 5
second data. The tone generation nethod al so includes a reading step which
reads tone data consisting of first data that either is not conpressed or
is conpressed by a first conpression nmethod having a short tine required
for expansion processing and second data that is conpressed by a second
conpression nethod having a tine required for 10 expansi on processing which
is longer than for the fjrst coggression met hod; a first outﬁut st ep t hat

as necessary expand® ampgidisk (MD)JATRAG {fsigtiveigansfarm asuaie oglinghand ARRARG

means and out piive bedn d@v@Qpé’d SERPRNERILhBUENRLRP ahdlflomyR&NISte wRytdees the
second data. The distribution nedi um provides a conputer-readabl e program

that executes PSS prayidertagh sovad quality, oredietdhepraing datarnetiroptelled byoner dat a
consi sting of flatRbnARt Brdb @ prtRefdl hbSatal Ind' Qe GRATRE ASFRALR 10! Saif MRS Sed
by a first conpression method having a short time required for expansion
processi ng andplexeekhaaehines thahean degeralotgnesssed by a second conpression

nmet hod having a ti ul i r SiRDG Wh i 0 t han
for the first conpi%gglélgnéa?lre%?ﬁ{(?g{% gégﬁg%&gt}@p%&s%t ep t‘f'%’[ayta&g(s)lln ree%:seghggggoy
expands the fiabout Hap & dFBnturthhematetthe sand obtainel dy respatiding datsagosnpagsskdonyt put s
it; and a seco L put t h t a.
Tone dat a i o raeBAgeA SHOThE 8okl SHRF 6" RSB sByd FieRGE B Yo
either is not coopeddsysxdarling datacompresseddg ADPCGMSf i rst conpressi on net hod

2 conpreased by a AETHRY ALY dsEHBRnb A AUT haOAo Pl RESroaR Paa ot

expansi on pr ocamgirésgoandéxpassidnahgedoe? ADPIEM) afid for therehdon st has begpree fsd oostl

net hod. The tone .%g)?e{patj on devi ce. of the gr@sent i nyentjon .has a first
menory means t HSPTAD{G108 Slepinons; musical msgpments pogl same padhiigeinuhip 437 rqapes
expands the cofpkrma geheridd musPprbdudEthe@brd RigeskiBA9MaREQRI4 data read by
the first nenory neans; a decision neans that decides whether to store the

tone data expanded “b‘?o’t‘Hea“eﬁlﬁ%ff?é'icoi’i‘uﬁ%%n‘gs,tm_gleg"e%H%fn‘?ré‘?ﬁﬁ?‘yirr’@&‘l‘f’étsttf‘?é_tthe
stores the tongpadtisn @xRAMIAE dhés LREsREARRS nRie RBAMANAIISIAC RRICAANES i the
decision result of the decision neans; and an output nmeanhs that selects and
outputs the oubpblemdhatinpealkibe inas nrhergsnsfaterbierpregsed timmegiatehunt agpmpigesion
expansi on MeangeindfiRqhARE nGRY BFARLLRD, MER RORTRROIUASS@ i TSt merory step
that stores conpressed tone ta, an expansion step that expands the
conpressed tone data read in the first nmenory step; a decision step that
deci des whether to store the tone data expanded in the expansion step; a
second nmenory step that stores the tone data expanded in the 10 expansion

step in accor cSUMMARYOF AHEEXYENSONesult of the decision step; and an
out put step that sehec ugs.. t ) t 0 anp tep
or the output of tﬁfeh%eér%%eﬁgglgg&g@e%.ﬁmwgs gﬁs%bﬁ%?o%mégﬁu%&gr oV {esé&a
conput er - r eadakeheesparcigwben thé atund xe expressedpand geakss ngotditae td welaldglsefficfeneyst

menory step that stores.conpressed to data: an 15 expansion step, that
expantls the corPRBEaing SAEPHERA PR T, HEoT Y 0 LY 1S CUpP TS | on
step that deci diéfsrenhainiieéssion nsdtiarde férhtke begnngppat axiphadedr pait dhiae @x@amsi on

step; a second nenory step that stores t tone .data ex ed in the
expansi on st epg?"ﬁg‘ﬁ'é%lgqecf&‘gec&“‘@?—‘tSior{"ﬁé’aﬁé’tgﬁ‘gieWFlgg'ﬁfofeSB‘?dacFa?f’e deci si on step;
and an out put step THeafons @bedtidn alathc® uf fhel preddit inuitputhadfa fehding egamndiharnory
step or the output of  the ex anq%i on Stﬁ%’f ﬁ% The tone data that is read
consists of fifé Sta'éﬁ‘t%?wc‘ﬁ’é?f's‘glgt dirstdata that ehopsnaLecampresseq & 1L HITESY by a
first conpressfigicomairéedn Rwiod Giadngs i sHokt tindMquiRd YbleRplarkidh pRCBRMEiafd

processi ng and second data that is corrpresse?i by a second conpression

met hod having a tinme required fox expansi on processing which is |onger than
for the first conpression nethod. Anong the data that is read, the first
data i s expanded and out put as necessary, 25 and the second data is
expanded and output. Tone data is recorded in the data recordi ng nedi um
consisting of first data that either is not conpressed or is conpressed by
a first conpression nmethod having a short z 5 SEP 2002 PCT/JP99/ 02502 .,



5 tinme required for expansion processing and second data that is cgr’g)rgﬁgse;g,?
by a second conpression nethod having a tine required for expansio -
processing which is longer than for the first conpressi oRCTPIOM2502 t he
tone generation device the tone generation nethod and the distribution 5
medi um tone data read froma nenory in which conpressed tone data is stored
I s expanded, it is decided whether to store the expanded tone data, the
expanded tone data is recorded in accordance with the decision result, and
the stored data or expanded data is selected and output. 10 BRI EF

DESCRI PTIsep¢ndriatHiia DRAVINNGSsHHi lry. a secorsd eonfpiressiondnatodimavitgoatimg rédudred

conposi tion of an enbodi ment of a conputer entertai nment device to which

t he t one fgeewnansipn pragessingswhich ilengankamt foothe ifisstappmipression FieghodRa ifissta bl ock

di agram showi ng the configuration of a tone generation device, 15 Fig.3 is
a di agr arfuébysimaans Higt expaadoieed Probdes 88 pepesseiyamang; the datelreadrbarthexpl ai ni ng

the flow of data relating to expansion processing; Fig. 5 is a diagram

expl ai ni AERdiRGmMEaRsAngqutpiNsitcand asssgondrputpis morpuiial expapdscad sty Bid Fi gur e

4, Fig. 6 is a flowhart explaining the expansion processing of Figure 4;

20 Fi g Pesandfaih agr am expl ai ning the flow of data relating to other

expansi on proggessing; Fig. 8 i di agram expl.ai ning.the data structures
usgfj N t hgt ﬁiﬁﬁﬁgv%gﬁnﬁfagiea&qt%f%?o lﬁflgé?sea r??élsgaﬁep%h;@ ER

expl ai ni ng _t.he e nsi on Qcessing o igure, 7; _an i 9. is a

{1 bwehar oadNnE RSP R Rl aoherseB o isforfrrsicas Bisscm P on oF
THE PREFERRER SR AR avingda Shorttimé Rulred for expdnddR pfocssing and second

data that is compressed by a second compression method having a time required for

10  expansion processing which is longer than for the first compression method; a first
output step that as necessary expands the first data among the data read by the reading
means and outputs it; and a second output step that expands and outputs the second data.

The distribution medium provides a computer-readable program that executes
processing that includes a reading step which reads tone data consisting of first data that

15  either is not compressed or is compressed by a first compression method having a short
time required for expansion processing and second data that is compressed by a second
compression mctho;i having a time required for expansion processing which is longer
than for the first compression method; a first output step that as necessary expands the
first data among the data read by the reading means and outputs it; and a second output

20  step that expands and outputs the second data.

Tone data is recorded on the data recording medium from first data that either is
not compressed or is compressed by a first compression method having a short time
required for expansion processing and second data that is compressed by a second
compression method having a time required for expansion processing which is longer

25  than for the first compression method.

The tone generation device of the present invention has a first memory means

that stores compressed tone data; an expansion means that expands the compressed tone
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The foll ow ng enbodi nent is one exanple of the present invention,_it being
understood that the invention is not limted thereto. The tone e&é}éEPoﬁmz
devi ce has a reading neans (for exanple, step Sl in Figuﬁ@nﬁﬁ%pﬁﬁﬁﬂzeads
+tone data consisting of first data that either is not conpressed or is 5
conpressed by a first conpression nethod having a short tine required for
expansi on processing and second data téat is conpressed by a second
conpression nmethod having a tine required for expansion processing which is
| onger than for the first conpression nmethod; a first output neans (for
exanpl e, 4atepraddyithe fiishmemor) meanst 2 decision means that degidanwbetser ta sfore e dat a
anong the data read by the reading neans and outputs it; and a 10 second
out put neRAS detpSxpandsipy the expapsiaymesnsz gacped memoRameans b dtoresthe out put s
the second data. The igne generation device has a first penory neans (for
exanpl e, '88%3?‘@%%@(18 % therfixpatsion meansily aceordancy Wi the dcsiondsily didbed t one

data; an expansi on neaps (for exanple, expansion unit 52 ipn Figure 7 that
expands t‘?f"é&%?%é ‘i‘b%p‘bfd’ﬁ‘%?“g@’é Salgete and; QP yts touFPé‘HBg@?e ﬁ%‘&ﬁg; a

deci sison nmeans (for exanple, ozt ep S 13 in Figure 9) that decides whether to
st or e >t he™fYY Sﬁ“eioé;&k?a%% (P FRaNSIYTAREISn neans; a second nenory means

(for exanple, no i

Zt ores the ton edtfgilggg‘}%%%}?ggﬁétﬁelﬂn%gﬁg&%gﬁggﬁﬁoﬁggﬁg g}\%ﬁétg@g%%é%ff%hv; ? ﬁt t he
Steps. 16008 Gy SERLE LR SRS e SRR b AT o B X DOP O
t he SeC0Wﬂeﬂﬁf?é%té’pémaﬁoﬁlrstetpnﬁatt?ﬁéiab'st w?élthér%’ sﬁ)z‘éjﬁlg%lﬁrﬂafﬁ‘é%?%deﬁ'itgﬂke lis a

bl ock di agram n exanpl e o e configuration in the e where the tone

generat i O&pgﬁé_{bﬁﬁeﬁ‘,fa deBbrit &%Sﬂlétﬂﬂhhtsst&}é’ﬂhle %ctdlta?‘ex%@ﬁ%'dtiﬂhee nt ertai nment
device. In'this conputer entertalnnment device, nedia processor 60, which

consiigt s &?aaﬁomep nlccbidaice with BRMUREIGIOE Fesvltdf fiRsdecRith sedp; hd AP&itp§ePU 57.
Host interface 1 of nedia processor 60 consists of FIFO 31, regi s?er 32,
and di r ecdtefothat Bctsemdugfutsdie 0Gtpusofibie Bohe thehdrnoep obhs obfput of the 5 SEP
2C7? PCT/ JP99/ 02502 7 Connected to CPU bus 11 of nedia processor 60 are
regi st er &pangdonm step. bus 33, CPU 3, instruction cache 6, SRAM 7, and bit
converter 10. Connected to nain bus 12 of media processor 60 are host
interface 1 (spexdistribationymedinmpravides deamputer-reedable prograny thatdxeentesache 6,
SRAM 7, bit converter 10, DMAC (direct nenory access 5 controller) 4, DRAM
5, and diRjPEesFingitiph nclydes a dissf snamqrpsiog thag stprasiroppgssel tane fdyaancpy 57
execut es vari Qus processi ggs %g)cordi ng to a ram stored in a nenory not

pi ct UPed. eXpansigr stpm fhat e¥p3 Qempressed tQhcgiaa %36@} thedirst MEMRLY 8Prom a
Chown | n PRt BRt dedist raieT W eAe P oo R a el IR aPar Y DRAM 5.
o Rarb bl TR IR 58 G SRR et AR B et o
b o ot cRopRaca WM BRSO, SR EERIok or uhEE ol b nifiBIcBD 1T 2

ROUEEL 180 s AR S T g 7 o ves

accesg) can berym@ge data that is read consists of first data that either is not compressed or is

=)

compressed by a first compression method having a short time required for expansion
processing and second data that is compressed by a second compression method having
a time required for expansion processing which is longer than for the first compression
method. Among the data that is read, the first data is expanded and output as necessary,
25  and the second data is expanded and output.
Tone data is recorded in the data recording medium consisting of first data that

either is not compressed or is compressed by a first compression method having a short



fromhost CPU 57 to DRAM 5. FIFO 31 tenporarily stores the data ”éﬁ gg
out put from host CPU 57 and outputs it to DRAM 5 via main bus 12, %ddotP 2002
tenporarily stores the data that is transferred from DRAPCT/E98/0260puts it
to host CPU 57. Register 32 is a register that is used when 20 handshaki ng

i s done between host CPU 57 and CPU 3; it stores data that expresses the
status of processing and commands. CPlU 3 accesses instruction cache 6,

4 oads and executes the program stored there, and as necessary accesses SRAM
7 and is supplied the prescribed data. And if there is no data that is
needed f aimSRaMred fotlekpahsionkrecessing auistdcoiddddViat & dNPressadsBsa s2bokecut i on
of a transfer of data by DVA fromDRAM5 to SRAM 7. And if there is no

pr ogr am tdeatpréssioneeetboll having a e uequied foreaxdpendion fBLesSingmihéch ialonggtiest to
DVAC 4 and causes execution of a programtransfer by DVA from DRAM 5 to

i nstruct itban foachecfint compresi@areth@h2 PCT/ JP99/ 02502 8 SRAM 7 can access any
address and read and wite data sinultaneously fromboth CPU 3 and DVAC 4,
for exanpl e, ilnthetoge generatipprdevisRabd taneigénsrasiopviateel! and the distriutieche, and
anong the data stored in DRAM5, it stores data that is frequently accessed
f r om &pU medigrAnmerdatmicad fipe & memerbirikhich apropiessedionegiata ipsiory i connect ed

to CPU bus 11 and.the other to nmain bus 12. Instruction cache 6 is a cache

menory wSPandedyit igdecided whsthep o seredieexpandrd tang date dhe HPandeddons@ativ i t t en:

of the pr.ograng stored. in M5, |t stores prograng.that are frequently
accessed 'f ?e&ﬂ{ i accopfance with he decisiqn reglt ap glet%%ézgg"tta%‘?ﬂpﬁnw q%ﬁf’e dat a
input via CRU bus 11 tq the 10 bit width (for exanple, 128 bits)
correspor‘}ﬁlfﬂﬁa‘fdga‘}é?%p%m 12 and outputs it, and converts the bit width
(for exanple, 32 bits) of the data input via main bus 12 to the bit width
corresponding to CPU bus 11 and outputs it. DSP 8-1 consists of program RAM

21- 11 gWi RIS PIES ﬂﬂﬁmﬁﬁ% mrwlgﬁescore 23-1 perfornms various

operations, data M 2Z2Z-1,~ whnrch stores data, DMAC 20-1, 15 whi ch manages

the transfer gfig br QUrAEk didasiahdwizQheebrifbstdif andBBodikithof 1t er f ace

computer entertainment device to which the tone generation device of the invention is
applied;
Fig. 2 is a block diagram showing the configuration of a tone generation device;
15 Fig.3 is a diagram explaining envelope processing;
Fig. 4 is a diagram explaining the flow of data relating to expansion processing;
Fig. 5 is a diagram explaining the data structures used in the expansion
processing of Figure 4;
Fig. 6 is a flowchart explaining the expansion processing of Figure 4;
20 Fig. 7 is a diagram explaining the flow of data relating to other expansion
processing;
Fig. 8 is a diagram explaining the data structures used in the expansion
processing of Figure 7;
Fig. 9 is a flowchart explaining the expansion processing of Figure 7; and

25 Fig. 10 is a flowchart explaining other expansion processing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



24-1, which outputs to nultiplexes 9 the audi o data generated by D§F5C§FP‘32002
23-1. Although the descriptionis omtted, DSPs 8-2 through 8-4 |ikew Se
each have the sane internal structure as DSP 8-1. Milti plBXBEIP/2802ct s t he
audi o data output fromaudio interfaces 24-1 through 24-4 and outputs it to
speaker 50. 20 Figure 2 excerpts fromFigure 1 the part that concerns the
tone generation device; it shows the pgocessing done by each part as well
-as the flow of data. Conpressed data of the tones that host CPU 57 (Figure
1) reads froma CD-ROM or other recording nediumnot shown is stored in
conpr essed dat Fhefillowieg efib@iAwhbis onb exanpie efithd prasentintendos,ficbeingl t o DSP
8-1 via bus 12. DSP 8-1 decodes (expands) the 25 conpressed data that is

t r ansf er r eetersroechthahthe inveptiondischod titmated sheedtoher transferred to and stored in
post - expansion data unit 5b of DRAMS5 or, as necessary, is played back by
speaker 50 vi aThéifong geestationodevicezhap a gedingmeane(fot s raylo,Z5pA binTHgurdat a
stored in _post-expansion data unit 5b is read by DSP 8-2, and pitch

conver si ofd) that rsadsftengrdaia epnsisting pff figss datethas eishesris peteampresprsiprdener ati ng a
tone, to generate another (higher) nusical interval by, for exanple, taking
a | owet t EnBPIsssed By affiipicpompresaiontagibocpry inghshorttime reauiredlon expapsion t hi s
fundanental tope. For exanple, .if 5 fast-forwarding is done in a cassette
tape r ecoP‘iﬂ’é?SS’(“igfaﬂﬂﬁ?‘é’nééllang thatdhcmaerapser by gisasrad cameresger msfiod hgyingi ne) |

the sound i.s hear.d at a higher pitch. It is clear fromthis fact .that in

or der 1o PR TEALGAJEr FHPGRERT ProRFSIgEh Islonaes Ten Fghe fIRL SPBREYIER speed

[ o toneEBi: ¢ ErERtbAERb AR BRESS Ior R el po dBb oL el

have d 4 b | ' ¥ ]
oy seccdPiinb B e ApkheR dud o SRR ARSI ARG S 1001, oo
%.Ri lv:l? ei {daghd bitpiSheins ¢br bRafe, siélpsieg, %gu;eidg%t EAINEY dfibuiAlaendni t 5C of

or, as necessary, is played bac spéaker 50 via I 'tiplexer 9.
Dat a st or @dosdidftht ch-converted data unit 5c is read by DSP 8-3, and
envel ope 15 processing is perforned. This envel ope processing is done in

order to changghd ®at peddi@idn device.hat B fiedt AmdrP niebas(@er exbmplel sdmpresseda sound
of the same nusical interval, it suffices to vary the sound vol une of the

sound expdassnioh karia Fipnwnd) that seores cognifredstd e aatd; drédpafidign means (Eoranpl e, t he
tinbre of an organ can be reproduced if, as shown in Figure 3(A), the sound

vol ume r egxampde, iekpansiogi unifrh2ia | Rigure Mthatiexpasidy thef ompressed tonewdeta iready
initiated, a fixed sound volune continues, then the sound vol ume reaches
its mni niifiyemengryineaps dadesisianmeans £fos eyample.ctept HS i8 Figvae Pkthal | enced, and
the tinbre of a piano can be reproduced if, as shown in Figure 3(B), the
sound vol &ﬂ!‘eﬁé‘ﬁ@ﬂﬁétq %t%rer?’é&'ioﬁﬁHfi"@&l"&?ﬂgeﬁP&&ﬂfaﬁxpylséﬁnt@?anﬁﬁ’eseg. dis

e son bk S b e B o P B Y Bl ke
envel ope- processed ta is.either transferred.to and stored in. .

envel ope. JpaE Heagte it St 0BG ckpRAraniRS i @RI fheidBeisign, oqyced

by speake j Ay r.9, e e [ Nt =04 Y/ 02 10 The
o "ot or 3 ot g bh AGEHE nd an quimuy mearh (or B er S SR 2 o

eff 0y PTREERS) MarisS1e£109Fd Bikphls theD B RLLESH Mémbry EASEEHe Begupat adds

a change
of the expansion means.

Figure 1 is a block diagram of an example of the configuration in the case where
the tone generation device of this invention is applied to a computer entertainment
device. In this computer entertainment device, media processor 60, which consists of

25  one LSI chip, is connected via host bus 55 to host CPU 57. Host interface 1 of media
processor 60 consists of FIFO 31, register 32, and direct bus 33, each of which is

connected to host bus 55.



sound, such as an echo or distortion. The effect-processed data is n
transferred to and stored in effect-processed data unit 5e of DRAI\ZE? Sﬁ\ﬁeﬂﬂz
the effect processing is 5 conpleted after bei ng done onlPCTSH99/02502
processed data is expressed by speaker 50 via nultiplexer 9. If effect
processing is done twice or nore, first, the first-tine effect processing
is done by DSP 8-4, and this data is tenporarily transferred to and stored
4 n effect processed data unit 5e. Then, if second-tine effect processing is
done, DSP 8-4 reads 10 the data that is stored in effect-processed data
unit 5e and petdmentd thEPYemsrid-dfinmeliepleastormlare egistay 3andirdct bdsds ef f ect
processing is done nultiple tinmes by exchangi ng data between DSP 8-4 and

ef f ect - proRESs ingtrueticn aanha 6,55RAM fuane byt cpsveatebl @ cRortieatgd sovmiaim bwisilgh t he

part related to expansion processing is excerpted fromFigure 2. DSP 8-1

f unct i onadfimedinprogersar ¢ff araihast intesfapa h(apecificadlyoEFE:3 gbusmrbitari2, 51 and
expansion unit 52. Arithnetic processing unit 51 and expansion unit 52

cor r espori@stfystipgpagig e SBAM Tahid camvgrten] 0, AMAE (dipet memory pecess gure 1. Data
read hy host CPU 57 from CD-ROM 61 and transferred to DRAMS5 is stored in
conpr esse@nHatler) dnPRADM S, e digkal sigagl pracesenip (23BY §-rerei$4 5a is read by
arithnetic prolgessrqiﬁg ﬁnit 51 of DSP 8-1. Arithnetic processing unit 51
transfers the 2t S HEKESUES VRSN RIPESHSINH AGCOBhNEI0 ARTPFRMI Eed Ia  pat a

e S BRTR bhe BFHTSER TS B SHRIRRA AR L
t { {
o Y A OO e  rh IPSB IR
. _ i i . 1
01 52 gl FRoT AT it R ARE BB 8 5 PEOLASK BROER P 210

of the Stdfp@tS‘;”n?ak%E‘Q\“éhuEﬁ t§ AL DarldeaublexEAIRbEa DU Fahdtei bddkaglices a
single effect sound (hereafter referred to as a one PC f/JP99/ 02 02 SEA

?7Q-2 11 dfifec1 mAURAM §.NAlR Rost TPV 5Py Biré @5 tacERY DR AM Findlothedf a
one- bl ock unconpressed data part and a four-bl'ock high-conpression data

part. Thejeyiteoviardesashsdadt a part consists of header part HlL and data part
D1. Simlarly, each block of the high-conpression data part consists of
header part H2Biishurbitegl2 drisitrared tickaisa rightstto BRirt busoi2g [FobBxantplE;ovhemxherpl e, i f
the one effect sound is the bang sound "dokaan," the "do" part is nade to
be t he dds argquastdopdats trenbfetdteam host CRII &7 paPMAT] 4, busdrhitee 2'goeeattie psrt i s
made to be the data (high-conpression data) of data parts D2 through D5.
Ther dfor dighhto PMAL 4rsarih datartransise Ry DA (direst memareasnsess) canhammadne ef f ect
sound varj es dependipn n the tenporal length of the effect sound and the
quant i tyf&m&a§tfﬁlﬂ5 ?ReBBﬁMFFpressed data 10 and the hi gh-conpression dat a.

e et oF Bl YRR B P B LA B o o
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and i f DRAM 5 and outputs it to host CPU 57. Register 32 is a register that is used when
20  handshaking is done between host CPU 57 and CPU 3; it stores data that expresses the
status of processing and commands.
CPU 3 accesses instruction cache 6, loads and executes the program stored there,
and as necessary accesses SRAM 7 and is supplied the prescribed data. And if there is
no data that is needed for SRAM 7, CPU 3 makes a request to DMAC 4 and causes
25  execution of a transfer of data by DMA from DRAM 5 to SRAM 7. And if there is no
program that is needed for instruction cache 6, CPU 3 makes a request to DMAC 4 and

causes execution of a program transfer by DMA from DRAM 3 to instruction cache 6.



15 conpressed, the conpression nethod. The size of data parts D1 tggpggﬁ ?%
need not be witten in if each block is of the sane uniform size. r 002
exanpl e, if ATRAC (adaptive transform acoustic codi ng) 2PCI/IP98025862 a

.hi gh-conpressi on nethod, then normally the size of the data part of one

bl ock is 2048 Ts (1 Ts = 1/44,100 second, so this is the data correspondi ng
to 2048/ 44, 100 second), and by adopting this size as the 20 uniform size of
the data part of the unconpressed data part and the data part of the

hi ghconpression data part, there is no |longer any need to wite in the size
of the data paYRAMIA canacsessranpaddriasst andoeadesdorrite tatalsiraulémsoudly fromough HS.
Next, referring to the flowhart in Figure 6, we describe the operation of

t he tone tpehePEt3 o IMACE; Eneurmpla, iFisqudual-port SRAMmand ispravidedias ag

expansi on ?rocessing. First, it 25 is assuned that nultiple tone data read
pr evi ous|data Gaghs, @pd popns th yewd in DEAM 5 it stasesrtatastialds drgaeentdi t 5a of
DRAM 5. PCT, P9%§$2502 5 S~~ 12 In step S 1, arithmetic processing unit
51 reads FHESFOeMEAA 3 SRAM Bey bave adwgriank compositiore one bing i ve bl ocks)

from gonpressed d nit 5a In step S2, arithmetic processing unit 51
r eads thecoﬂﬁ‘icéedttﬂggﬁégb%g ang Wepﬁ@r H‘érbuéf&each bl ock of the read tone

data. First, the data i d H i d. Usi th d dat [ t S3
oo B o5 oSk e St Vi R B S e e

h b d. | hi L if. d di he | nf i i

has e TR RRED e oL B SEBS S HIGH . LB BLBRTMED, Lo
to step Sa?e fré&eghgg%%@%}f&%@@_of data part D1 is transferred to

mul ti pl exer 9 it is further transferred to speaker

0. Then it | SBiPE&WéﬂepM) &)91@@#?@5%ﬂg%igng&.tlﬁ\{:@atpfn?ﬁfsﬁﬁi('ﬂﬂ] Bs StgRpesc 1s 10

conpleted, it proceeds to step rithmeti ¢ processing unit 51

deci dgs Wiek{aeH (tbN&anipl A28 $8E) felpdninghs nfaiBils 1 Sdkoutduts f hadpr esent

case, it is not the final block, so it returns to step S2. I'n step S2,

ari t hmet icondrB&aRS bit Kxgdturs(fdr eRdmpRABBLItd) O f Hhrtdatal it vivemaideRig 1816 tHeait i n
header H2. And in step S3 it decides, based on the read data, whether it is
conpr essexidfhbcoti@bponding tbICPPbesthind@sguts itt is witten in header H2 that
data part D2 is conpressed data, so it is decided that data part D2 is
conpr essed datRS§P &iconsists b pexstiam ReAM 24 pl, Shich stores prog@ms used whemeDSE
processing unit 51 transfers the data of data part D2 to expansion unit 52,
and expareoreods-p porerses vagious opasatiansndata RAde A2-tLhwhish stonesi date, BMACHel data i s
returned again to arithmetic processing unit 51. 20 In step S5, arithnetic
procddsi mgueihmenages hedranster g progeams: 39d datrstrred i thsssadnsh WiGEEasE ed dat a

shall be stored.in

. ds, it decjd it isd
ohat ane bt mnls il 1%k MR e RS RS beee %
th h 8-4). lt, .it is decid hat i, dt t
oo s, Aoy Stk i BB b0Bke RBRIRARBRRL' o Thois
b q . . ; ) _ ti . S —aa
peen oS it Atk it bl SRRGSEA B PL ARl owpplrdinS o 22
It pr Oce%qﬁiotiﬁte%@eg 2§_71 thlrgltggit?% ﬁgdn%‘ﬂé'{ltg mg%&k&rﬁgesm ng unit 51 transfers

t he expansi on-processed d ores it 1n, post-expansion data unit

5b_0B0DRAM 5. 1756933k iRim SANAFL 8GR BnleARRE LAE TEkraMGCESST Vel v DY

t he subsequent DSPs 8-2 thr on t ata stored 1 n post-expansion

data uni tdepRee; if Sibws the Pﬁfccssﬂ{gcd?ﬁ@'b @ eds v dIPdsithdow of bawaedi at el y pl ayed
by the speaker, and while this is taking place, high-conpression data parts

D2t hr ougihrkfreskee dith O BieB8Aks tAAChosICPYIST (PRire réllk &6nPE£COLROM &M when a
request is nmade to play a prescribed tone until it is played, and although

the conproges irédrdiag iediuit A6t sASwhHQE storERA campressetlida uhiSadaDRAMIS s D2 10
through D5, it is possible to use a conpression nethod that takes tine for
t he exparieGrorpd date ssStrangferidliem DISPeS-pviadas 12N HSPr8-$ deqdEy (exparsls)theet ed, it
proceeds to step S8, and it is decided whether the processed data is the

fi nak5bl aoknprdsbed data thatliseiatefdrrehaThert thissxpartded datafis eitter trhusféeredito anét urns to
step S2, and the processing beginning here is repeated. On the 15 ot her
hand, if stovedingwsSexpansios ddmainiteid afBRAM S o1 as hesessaryais maysdiback by t he
present case, if it is decided that the processed data is the data of data
part D5, speeker fheiapndtpkesemd of this flowchart is ternmnated. In the

f oregoi ng expl anati on, unconpressed data and hi gh-conpressi on data were
used, but | ow conpression data may be used instead of unconpressed data.
Here 20 the descriptions of unconpressed, | ow conpression, and

hixgh- conpressi on are used in the sense that unconpressed or | ow conpression
refer to conpression in which little tine is required for the expansion
processi ng, and conversely, high-conpression refers to conpression in which
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z ~ s~P ~ooz PCT/JP99/ 02502 14 Menory unit 53 inside DSP 8-1 as szgn EII?:
Figure 7 nakes it possible, even with data that enpl oys high conp Selh, 707
to do the expansion so that no delay arises fromthe reqU¥SE/JRI/582 a
.sound until it is played. This menory unit 53 corresponds to data RAM 22-1
in Figure 1. 5 The tone generation device having DSP 8-1 shown in Figure 7
handl es data that has the data structupe shown in Figure 8(A). That is, an
entire one effect sound (data parts D11 through D15) is conpressed using
t he sane conpressi on nethod, and headers Hll through H15 are attached to
each data par t T data btoodgih pDdtsexp@isidrhdat@umiabid deatbb pDER B-2,hindpigth d15
(Figure 8(B)) made by expandi ng the data shown in 10 Figure 8(A), the block
of expandexnverion ig parformedtasrib dPiteh qpemersipn mreats, %eofgemm@- dtofie,ie menory
data unit), and the rest of the expanded datadl 2 throu dl5 is rel eased
(the rel ezaemieanashesghigher)ymasicakintesval burfor examyde, ttaking @Ewemms thet age ( DSPs
8-2 through 8 4, or nultiplexes 9). In Figure 8(A), the conpressed data
part consiuadamentalons adehangiog thesfreguencyi ofaleis fendamentaione. Eor examplesifal
nurrber of blocks varies with the quantity of tone data that constltut es one
ef fectd soldfidforyay tﬂgésé?%msarﬁﬁ‘cﬁﬁe“érﬁ@elﬁ%‘{e r4d masednty hagraualduplapgie nay al so
have one or nore bl pcks ry dat a. I‘%@‘ guant ity of datﬁ stored in this
ath i§

menory unPackpsr Pt f time) elst‘?f‘ @eﬁ?ﬁr eheide s sigienr framdhiisHaditat shown i n
Fi gure 8( nto thes

bes! des e A imal a b Filnd lﬁge%saam%ang%th?i%?&?@saﬁﬂq (PHE, feﬁh' s
i D15 T

71 owchar e Rl ARt ALY idiic ol ife, HREERT, B RgP9F 08} e "
gener at] oyt 8, ghea i CERAMEE ifelshal 6 RGOS RIGMASIAR PiRSERS N

First, in ste pgrocessin rom conpressed

dat a ni twhén t‘ﬂ@tt&letlg‘?éb rds3&d ﬂ%@fu%éarﬁ&ftﬂ%ﬁ’er e shown in Figure 8(A). In
step S 12, arithnetic processing unit 51 exam nes, one after another, the

headers H11 t hrigdigia tHhPisQlitchie8nvepRd bdasP S-QQQ&EHégtrﬁﬂldf;&Eed&b_ah@@tdféﬁ d’ri_ll it
reads the 2 5 SEP 2002 PCT/JP99/ 02502 15 data that is witten init. In

step S13,pikvhsdverted dia gt Sc o DRAMIS lor,HE heddssary, isiplaysticshckbekpakert 3¢ dat a of
data part D11 is data that is to be stored in nmenory unit 53. In the
present cdseultiplexss Switten in header Hll that the data of data part D11 is
data that is to be stored in menory unit 53, so in step S13 it is decided

t hat the data Bétagtored papitchoavéreed data unit 5S¢ is read by DSP 8-3, and envelope

15  processing is performed. This envelope processing is done in order to change (set) the
timbre. In order to change the timbre of a sound of the same musical interval, it suffices
to vary the sound volume of the sound expression and sound silencing (attack and
falloff). For example, the timbre of an organ can be reproduced if, as shown in Figure
3(A), the sound volume reaches its maximum value immediately after the sound is

20  initiated, a fixed sound volume continues, then the sound volume reaches its minimum
value (disappears) immediately after the sound is silenced, and the timbre of a piano can
be reproduced if, as shown in Figure 3(B), the sound volume reaches its maximum
volume gradually after the sound is initiated, it is gradually attenuated, then, after the
sound is silenced, the sound volume grows gradually smaller.

25 In DSP 8-3, the envelope-processed data is either transferred to and stored in
envelope-processed data unit Sd of DRAM 5 or, as necessary, is reproduced by speaker

50 via multiplexer 9.
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5 data that is to be stored in nmenory unit 53, and it proceeds to 52? §ﬁ4
Wth regard to the data which, it is decided in step S 13, is data't atS s?@ﬁ,?
to be stored in nenory unit 53, in sone cases expanded d&RGI/hE9/@2502ady

.been stored in nenory unit 53 in the processing of step S15, which is
referred to below. Therefore in step S 14 it is decided whether, in the
present case, the expanded data dll ofjgata part 10 D11 has been stored in
menory unit 53. This decision is nade using a unique nunber assigned to

data part D11. That is, a nunber unique to each of the data parts D11

t hrough D15 i sThe ddts eterddrine@nedopedimrackssedtiata it Sdigheddly. DS E-4, andt ep S 15,
which is referred to below, this nunber unique to the data part is also

st ored wheffect heocessprgris ddnaiert . Effecs porces$irigns pEocessingrtyatuadils a Bitangd hethef or e t he
processing done in step S14 is processing in which it is decided whet her
menory unsoungughas ai echodutdistortion.nghe effcct-prasessadidetn inkansfesredtorbad  uni que to
the data part witten in the header of the data part read by arithnetic
processi n#otgAiR efact-prcessgd dataruait fetof DRAMsS.dWdien e effeat presgssingésd data di11

has not been stored in 20 nenpbry unit 53, it proceeds to step S15. In step
S15, ar it ¢eRRlpted piterchedng dane gl onse, the arpsewsed ditpds expreaseskbygwpeskepaPviap11 to
expansi on ugji 52 and causes expansi on processing to be perforned on it.

The expan@Piiple¥ebRessed expanded data d11 is returned to arithnetic

processi ng “”iﬁfff%é;t Then .arithnetic processing, unit 51 siores the returned

expandeg dat a PIORSHURG IS AonE teige OnmOEe, tirfiethg b%‘ﬁ'&?oef f%\‘oa%imlgh%\tl is
Ay b : g ;

0" 1 ot et ey L1 R e S omadtatt stanp e i ARBG-ERR TG ¢ | pl ewer o

IS tr anSfpg'E)Eee%gqgtlcgat?aFrqt %a}ﬁ% ﬁge %g-atlfrﬁé eéeocé BEPC&%P% igﬁgn 29)% ?ﬂéa E 99/ 02502

16 If in IS 'deci de texpan has al v &F y been

storgg | hERAR War Witbreadn eéfe.t-ﬁar Es%didﬁtarlﬁl?tdje A0 Qe 1hPseebfd-tifle T ead

expanded data dl1l is transfterred to speaker 50 via multiplexer 9 and is

pl ayed. WFgRt pldGeRmBORSE | Tilsl effedt tBceadiflg FOIBRS niuﬂtiﬁl@tiﬁi%@b%riekctﬁh pgeds to
step S17, where 5 it is decided whether the processed data pari rs the data

part of tduga bdtwaén DEP®Y addleftdtepRicesieda@@anr sesince it is not data part D
15 of the final block, it returns to step S 12. In step S 12, the data

written in theFigerdes ablodkhitagiantin bihivhikhe perackiatedtb2xpmsidneprpeessiegis case, s
read. Since in header H12 it is witten that the data of data part D12 is
dat a t hatexicerptedtfram Fignre 2.0 DSE® 8- b furetionallyunclid&3yithimitsridpn&iciRodessing deci ded
that the data of 10 data part D12 is not data that is to be stored in
menorly urinit H3andgxgansionpunit®d darithmeticppogssigg unihS sanskexpassionaunit et i ¢
processing unit 51 transfers the data of data part D12 to expansion unit 52
and caus QTR P FFost 43-diand digitabandie ppip Lérddn Eigurg 1. The

CxpATS| O D 008320 SARATER 92 T KOl b BUBY £ D 00eoot 1S
L0 5100 e AOERFABEIAE b S HM ok it PSR ST Sl By T O
bt LG N s A DR E T BTN G R
20  read data to expansion unit 52 or multiplexer 9. Data transferred to expansion unit 52 is
expansion-processed and returned to arithmetic processing unit 51. And arithmetic
processing unit 51 as necessary transfers the returned data to, and stores it in, post-
expansion data unit Sb of DRAM 5. Also, data transferred to multiplexer 9 is played by
speaker 50.
25 Figure 5 is of the tone data recorded on CD-ROM 61 and shows the structure of
the data recorded in compressed data unit 5a. Data of the structure shown in Figure 5 is,

for example, data that produces a single effect sound (hereafter referred to as a one



whet her the processed data is the final block. In the present case, since
data part D12 20 was processed, it is decided that it is not the on@lISEP 2002
block, it returns to steps 12, and the processing begi nnilMgl/AR39403562
.repeated on data part 12 and thereafter. If in step S19 it is decided that
it is not data that is to be stored in DRAM 5, in other words, that

| at er-stage processing is not requiredigand that it is data to be played by
‘speaker 50, it proceeds to step S16. The processing beginning in step S16
has al ready 25 been described, so its description is omtted. By performng
t he abovee%?%é@a@i)-ngl this adse, anp affect spind eonsists @i a DAGblackencamgresstd date ef f ect
sound is generated and is played by speaker 50. In this way, the data
stored parsamsEpfopchlgukhighrognpesion data part. iEreomgompressed3lataspartadossistas t one
data for the beginning part of one effect sound, and if there is a request
to play tﬂﬁ@aéwr@éttﬁ%é@fﬁ@eta pare Ddt Similadnteachcllack ofitbehighwompirssign dgad by
speaker 50. By processing and t%enerati ng tones fromthe rest of the tone

dat a whi | BTt Fﬁnél%éstq;rbéﬂdedé’@%{ H2sthepueh dHpis dagp partja2 duough PS.om when a request
ayed can be

copt Shor ¢ enol P8R RF ors S Fousdis 1B TR sqURe "fotsin, e B o, 11
game macrAte O & ECu Tl esst B FiraRRET ePu " Fafl 6 B E e i 1
o that Thent o RRR et it KR pai By R by Th e B erory
and i nto BaoBEbibcRs SHBRJURE Kot il dhe ool EAERLobiREIny 7 PO
once br - aieTBgr forll St PR SoRPER N iy br R in R IR IbrieR g BEF, Do

openifig Ofnd the hGABMHsRNTAW. MthelMi@ibe 8f bISMA&NN BHeunRbMplesicd dafh g St ored.
15 Next we describe, with reference to the flowchart in Figure 10, the

expansi onar@ixfé aighdnifressiva da@garidie A6Y lhitehtodae btk and¥suriblocks,gure 7 in a
case where it handles data in which data having the data structure shown in
Fi gure 5 wmepkctiat¢lg. havi ng the data structure shown in Figure 8 are m xed
together. In this case, for exanple, the data structure shown in Figure 5
is used for th&rittendn thethgaddrs Bl fthougk blardsthe sizd ob tieycouasponding 2ataa f ew
times, such as in the opening narration of the gane, while the data

st r uct ur ePastidinthirepghi 33 vehether shedagaipdrois compresisdor gacampessed,faddif sounds t hat
are used again and again. By thus adopting data structures that fit the

t one MPat acomppsscdsheFemprsssiemmethad g dhe size ofat parisel Hapugh DI neHdot ened. The

517573 8 WS e e BB R DovEtEE L
cxoL et 0 S S5 Reby TEPRak TR meBSTOE ., o ™
a 2 5 SEP, 2003, BCTLIPSY02502.4 8¢ bl. koS3 Fs Li/dlofigledihgy the data

read from conpresse a un als no ofed in
i 51" a8 do PRRSFTRng @ 28R 185 secdhe bR CARpRE MR kb 0cesSing
20  uniform size of the data part of the uncompressed data part and the data part of the high-
compression data part, there is no longer any need to write in the size of the data parts
D1 through D5 that correspond to headers H1 through HS.
Next, referring to the flowchart in Figure 6, we describe the operation of the tone
generation device shown in Figure 4, in particular during expansion processing. First, it

25  is assumed that multiple tone data read previously from CD-ROM 61 has been stored in

compressed data unit 5a of DRAM 5.
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decision is nmade using the data witten in the header of each bl ock fit
is decided that 5 the read data is not conpressed data, that is, ir2t5hlS§P won
case, if it is decided that it is unconpressed data, it d’%&é&éﬂ%%tep
.S36, and this data is transferred to nultiplexer 9 and is further
transferred to speaker 50 and is played. If in step S38 it is decided that
the read data is conpressed data, it pl2oceeds to step S40. Arithnetic
‘processing unit 51 transfers the read data to expansion unit 52 and 10
causes expansi on processing to be perfornmed on it. Then the expanded data
is again ret urﬁb‘tﬁél’c  AFIEROpHC nrecessing uais f hepadsihe tene datgfos pageffany spund; s

Stor ed i DRSS, Tk B9% POGROMIBH GuBBerA) IB8GPHAPnG: SFR AOCRERSiep S10 16
0. “so a 1BOHRSPR PTG e ofie KGR FRREaR Im T HeRLSTShEu ek oL A8 #M bed above,
(step st A Brgu R Tl ifader P 5E0C Gedne fRL4ERT R dapotr ulfic The 7

put 1 ¢ ar 2ac8 e aBat GHRER R MR ATERSL R S b el AL Slbsequent
processing. 20uAhA%usiealBAah 830 A4 sknaRF ) Regsltey BRras ButiBIPT osed

data or data stored 1 nh he requires no la e processing,
it was copngj L Ghsd eq, | Sz j ata unit
b, bt 1 pey s BBl Ssef dailingRodedb shp Xt R BBy BRI AT P

post eXpaDﬂsot'i‘a:QPetn%d%‘Hultﬂhexe@@, Iuicf‘[?y &ﬁlti?ﬁ?{@@@itfiﬂurﬁl@netrﬁfsfb@t@ait@n processi ng
of such data, so 25 this invention iI's effective as a nmeans for shortening

t he del aysgehier sbr Qﬂbﬁ\hﬁi@%l@yé hker SOM9Rn{the plobaying @f step'SESET | bed tone
until it is played. 2 SEP 2002 PCT/JP99/ 02502 19 The distributi on neans

for sloppl gonndettdidt proecedaid Step S8 camdukieimaicqyocessihdaiit 8k dedidessvitetier deove
processi ng includes, besides information recording nedia such as magnetic
di sk and EDed§¥d data mnberfisal ibbockndulite drgsenietasiitkis posthe finalsbloak, ev itet  or
digital satellite. 5 Wth the above descri bed tone generation device, the
t one genercttrnoio staptI2d, the distribution nmedium and the data recording
medium tone data is read that consists of first data that is either not
conpressed or Instepordh paduraticipyocgssing unit brepdeids data thal havbeenyittendfui res a
short tine for ex si on processi ng, and seco data that is corrpéessed by

a secaond M3fgs 8 NSEPhOt geritesy Based PR thedes heHgE it rormpssRdi on 10
]E) Ir ?gﬁ%ﬁ;? tg.hﬁlr}hé ;r)]r%sgnit E:gs:[e, ﬁ?snygiﬁgns {n Q:acrirgwgatd é)a?as parfbﬁa rilgcc}rrtlp%esrsg@ gatz(ij,at a, the
so it is decided that data part D2 is compressed data, and it proceeds to step S4. In step
S4, arithmetic processing unit 51 transfers the data of data part D2 to expansion unit 52,
and expansion processing is performed. Then the expansion-processed data is returned
again to arithmetic processing unit 51.
20 In step S5, arithmetic processing unit 51 decides whether the returned
expansion-processed data shall be stored in DRAM 5. In other words, it decides
whether it is data that does not require any subsequent processing (processing by DSPs
8-2 through 8-4). If, as a result, it is decided that there is no need to store it in DRAM 5,

it proceeds to step S6. The processing in step S6 has already been described, so we

25  dispense with an explanation of it.
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i s expanded as necessary and out put and the second data is expanded and
output. This shortens the delay tine fromwhen a request i s nmade 205 SEP 2607
playing a prescribed tone until it is played and makes itPQiﬁﬁﬂ%@é§020 use a
.high-efficiency encodi ng audi o conpressi on nethod for the tone data
conpression. 15 Wth the tone generation device of the present invention,
the tone generation nethod, and the digtribution nmedium tone data read
froma nmenory unit in which conpressed tone data is stored is expanded, it
is decided whether to store the expanded tone data. Depending on the result
of this decisi¥in step&3diipdacidet tootere the datd m BRAMeS, it prodeedséo SepSedindat a or
expanded data_is selected and output, thus shortening the delay 20 tine

f r om whenStep P dquiiskmeticpragassing gpit il dsansfgrsgheexpansipbprpcessad daata,jandt i s

pl ayed and making it possible to use a high-efficiency encoding audio
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conpressed by a second conpression nmethod whose tinme required for expansion
processi ngotessingnger than for said first conpression nethod, each of said
first and second data having a header part and data part a first output
step that expa¥den swiptodessing imstemSass coepdasd ritypracasdgtorstep Sfhand iténd by sai d
readi ng means and outputs it, and a second output step that expands and

out put s sdeciiled adgthgr thetpaocessed datasis thefinal blocke Hiitimdeeidgst thef it npt the

conput er -readabl e program that executes a nethod o f processing conprising
t he st epsfirg blockzit tymp to,geps S, apd the processing beginning here is repeated. On the

15  other hand, if in step S8 it is decided that it is the final block, in the present case, if it is
decided that the processed data is the data of data part DS, then the processing of this
flowchart is terminated.

In the foregoing explanation, uncompressed data and high-compression data
were used, but low-compression data may be used instead of uncompressed data. Here

20  the descriptions of uncompressed, low-compression, and high-compression are used in
the sense that uncompressed or low-compression refer to compression in which little
time is required for the expansion processing, and conversely, high-compression refers
to compression in which a long time is required for the expansion processing. Thus,
compression in which little time is required for the expansion processing, even though it

25  may be high compression, is referred to in this specification as uncompressed or low-

compression.
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out put Me@RSméMely df @fif)Sandnfe RUYE BUhe exfiBdeH it 2aRbashers WirdlBasedi d second
menory neans or the output obtained with said expansion neans 6. A tone
gener at i qthevelebsed daca i) $iheg it i trdestersédno asubseqhait stage (ISR B-2thirbligtes- C
processing unit to read data in a header part of tone data that has the
header pat, orandtiexta®p part and for deciding whether the data in the data
part has been conpressed, a first nenmory step for storing conpressed tone
data, an exparisiFfigure 8&Y), theaomprgsasriidats parti cansispirad S3dorcks dn aglexplainedidt i n .sai d

first menory step, a decision step that decides whether to store said tone
dat a 1éxpdrigerd Si thedefabinwmbrs o€ blogks vasies with the quantity of tone data that constitutes

one effect sound. Figure 8(B) shows one block as memory data, but one may also have
one or more blocks as memory data. The quantity of data stored in this memory unit 53
is written into each of the headers H11 through H15 shown in Figure 8(A). What is
written into these headers H11 through H15 includes, besides the quantity of data to be

20  stored in memory unit 53, the data size of data parts D11 through D15, the compression
method, etc.

The flowchart of Figure 9 shows the operation of the part of the tone generation
device shown in Figure 7 that concerns expansion processing. First, in step S11,
arithmetic processing unit 51 reads from compressed data unit Sa data that has the data

25  structure shown in Figure 8(A).
In step S12, arithmetic processing unit 51 examines, one after another, the

headers H11 through H15 of the read data. Looking first at header H11, it reads the
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}[9] O0! 1Q¥nbfeld&hé dath ot 83 Hart D11 to expansion unit 52 and causes expansion processing
to be performed on it. The expansion-processed expanded data d11 is returned to
arithmetic processing unit 51. Then arithmetic processing unit 51 stores the returned
expanded data d11 in memory unit 53. Also, the expanded data d11 that is returned to

25  arithmetic processing unit 51 is transferred to multiplexer 9 in step S16. The expanded

data d11 that is transferred to multiplexer 9 is transferred to and played on speaker 50.
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0% () - Mmegllory unit 53, this data is read. And in step S16 the read expanded data d11 is
transferred to speaker 50 via multiplexer 9 and is played.
When the processing in step S16 comes to an end, it proceeds to step S17, where
5  itis decided whether the processed data part is the data part of the final block. In the
present case, since it is not data part D15 of the final block, it returns to step S12.

In step S12, the data written in the header of the next block, header H12 in the
present case, is read. Since in header H12 it is written that the data of data part D12 is
data that is not to be stored in memory unit 53, in step S12 it is decided that the data of

10  data part D12 is not data that is to be stored in memory unit 53, and it proceeds to step
S18.

In step S18, arithmetic processing unit 51 transfers the data of data part D12 to
expansion unit 52 and causes expansion processing to be performed on it. The
expansion-processed expanded data d12 is returned to arithmetic processing unit 51.

15 And in step S19, arithmetic processing unit 51 decides whether to store the returned
data in DRAM 5. If it is decided to store it in DRAM 5, 1t proceeds to step S20, and
expanded data d11 is stored in post-expansion data unit 5b of DRAM 5. Then, when
the storage processing is completed, in step S17 arithmetic processing unit 51 decides
whether the processed data is the final block. In the present case, since data part D12

20  was processed, it is decided that it is not the final block, it returns to stepS12, and the
processing beginning here is repeated on data part 12 and thereafter.

If in step S19 it is decided that it is not data that is to be stored in DRAM 5, in
other words, that later-stage processing is not required and that it is data to be played by
speaker 50, it proceeds to step S16. The processing beginning in step S16 has already

25  been described, so its description is omitted.

By performing the above processing on data parts D11 through D15, the tone of

one effect sound is generated and is played by speaker 50. In this way, the data stored
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For example, if this tone generation device is used for generating the effect
sounds of a game machine, it is possible to vary the quantity of data to be stored in
memory unit 53 according to the type of the data (the type of effect sound) so that the
10 quantity of data (number of blocks) to be stored in memory unit 53 is made into two
blocks of data for a frequently used effect sound and into one block of data for an
infrequently used effect sound. It is also possible to write in the header of data that
normally is used only once or a few times, such as the explanation of the story used in
the opening of the game, data saying that not even one block is to be stored.
15 Next we describe, with reference to the flowchart in Figure 10, the expansion
operation of the tone generation device shown in Figure 7 in a case where it handles
data in which data having the data structure shown in Figure 5 and data having the data
structure shown in Figure 8 are mixed together. In this case, for example, the data
structure shown in Figure 5 is used for the tone data of effect sounds used only once or
20  afew times, such as in the opening narration of the game, while the data structure
shown in Figure 8 is used for the tone data of effect sounds that are used again and
again. By thus adopting data structures that fit the tone data, tone generation can be
done in which the delay is shortened.
The processing of steps S31 through S37 is processing for the case in which data
25  is read that has the data structure shown in Figure 8; an explanation of the processing in

these steps is omitted, because it is the same processing as the processing in steps S11

through S17 in Figure 9.
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decision is made using the data written in the header of each block. If it is decided that
5  the read data is not compressed data, that is, in this case, if it is decided that it is
uncompressed data, it proceeds to step S36, and this data is transferred to multiplexer 9
and is further transferred to speaker 50 and is played.
If in step S38 it is decided that the read data is compressed data, it proceeds to
step S40. Arithmetic processing unit 51 transfers the read data to expansion unit 52 and
10  causes expansion processing to be performed on it. Then the expanded data is again
returned to arithmetic processing unit 51.
In step S40 it is decided whether the data returned to arithmetic processing unit
51 is to be stored in DRAM 5. The flow of processing beginning with this step S40 is
the same flow as the flow of processing beginning with step S19 in Figure 9, so a
15  description of it is omitted.
In the embodiment described above, when arithmetic processing unit 51 reads
data from compressed data unit 5a (step S1 in Figure 6, step S11 in Figure 9, step S31 in
Figure 10), the data of an entire one effect sound (the header plus the data part) is read,
but it also suffices to read only the header and to perform the subsequent processing.
20  Also, one may read it for each block.
Because uncompressed data or data stored in memory unit 53 requires no later-
stage processing, it was considered as data which is never stored in post-expansion data
unit 5b, but it may be stored. Even if it is arranged that the data is stored in post-
expansion data unit 5b, no time is needed for the expansion processing of such data, so

25 this invention is effective as a means for shortening the delay time from when a request

is made for playing a prescribed tone until it is played.
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10% / & () m@gq)(qqchhqhmg@-RO , transmission media by networks, such as Internet or
digital satellite.
5 With the above described tone generation device, the tone generation method,
the distribution medium, and the data recording medium, tone data is read that consists
of first data that is either not compressed or is compressed by a first compression
method that requires a short time for expansion processing, and second data that is
compressed by a second compression method that requires a longer time for expansion
10  processing than the first compression method does. Among the read data, the first data
is expanded as necessary and output and the second data is expanded and output. This
shortens the delay time from when a request is made for playing a prescribed tone until
it is played and makes it possible to use a high-efficiency encoding audio compression
method for the tone data compression. .
15 With the tone generation device of the present invention, the tone generation
method, and the distribution medium, tone data read from a memory unit in which
compressed tone data is stored is expanded, it is decided whether to store the expanded
tone data. Depending on the result of this decision, the expanded tone data is stored,
and the stored data or expanded data is selected and output, thus shortening the delay
20  time from when a request is made for playing a prescribed tone until it is played and

making it possible to use a high-efficiency encoding audio compression method for the

tone data compression.
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CLAIMS

What is claimed is:

1. A tone generation device comprising:

a reading means that reads tone data consisting of a first data that either is not
compressed or is compressed by a first compression method whose time required for
expansion processing is short, and second data that is compressed by a second
compression method whose time required for expansion processing is longer than for said
first compression method, each of said first and second data having a header part and data
part,

a first output means that expands said first data as necessary among the data read
by said reading means and outputs it, and

second output means that expands and outputs said second data.

2. A tone generation method comprising;:

a reading step that reads tone data consisting of first data that either 1s not
compressed or is compressed by a first compression method whose time required for
expansion processing is short, and second data that is compressed by a second
compression method whose time required for expansion processing is longer than for said
first compression method, each of said first and second data having a header part and data
part,

a first output step that expands said first data as necessary among the data read by
said reading means and outputs it, and

a second output step that expands and outputs said second data.

3 A distribution medium comprising a computer-readable program that executes a

method of processing comprising the steps of:
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of said first and second data having a header part and data part,
expanding as necessary said first data among the data read by said reading means
and outputs it, and

expanding said second data and outputting said second data.

4. A data recording medium for recording tone data comprising first data that either is not
compressed or is compressed by a first compression method whose time required for
expansion processing is short, and second data that is compressed by a second
compression method whose time required for expansion processing is longer than for said
first compression method, each of said first and second data having a header part and data
part, wherein when a computer reads out said data from the data recording medium, said
first data that is not compressed is immediately played, said first data that is compressed
by a first compression method whose time required for expansion processing is short 1s

expanded and played in a short time, and then said second data is expanded and played.

5. A tone generation device comprising:

an arithmetic processing unit for reading data in a header part of tone data that has
the header part and a data part and for deciding whether the data in the data part has been
compressed,

first memory means for storing compressed tone data,

expansion means that expands said compressed tone data read by said first memory
means,

decision means that decides whether to store the tone data expanded by said

expansion means,
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of tone data that has the header part and a data part and for deciding whether the data in
the data part has been compressed,
a first memory step for storing compressed tone data,
an expansion step that expands said compressed tone data read in said first memory
step,
a decision step that decides whether to store said tone data expanded in said
expansion step,
a second memory step for storing the tone data expanded in said expansion step in
accordance with the decision result of said decision step, and
an output step that selects and outputs the output of said second memory step or the

output of said expansion step.

7. A distribution medium comprising a computer-readable program that executes a
method of processing comprising the steps of*

a) reading data in a header part of tone data that has the header part and a data part
and for deciding whether the data in the data part has been compressed,

b) storing compressed tone data,

¢) expanding said compressed tone data read in step b,

d) deciding whether to store said tone data expanded in step c),

e) sloring the tone data expanded in step c) in accordance with the decision result
of step d). and

f) selecting and outputting the output obtained in step e) or the output obtained m

step ¢).



