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PCT/ JP99/ 02502 TONE GENERATI ON DEVI CE AND METHOD, DI STRI BUTIL.ON MEDI UM AND
DATA RECORDI NG MEDI UM 5 FI ELD OF THE | NVENTI ON Thi s i nvent i éA Sentamber:2002
t one gener iy nGApand nmethod, distribution 10 15 nedi POT/JR99I0250Ra -
recordi ng Hmmﬂﬂmm@@"speci fically, the invention relates to a tone
generation device and method, distribution medium 'and data recording
medi um wher ei n " &'®npr essi on nethod is ysed in which little tinme is
required to egi nning part of the data for generating one tone,
or no corrpr%ﬂ%“m mﬂmmamme, and for the other part, conpressed tone data is
used using a high conpression net hBESCRIPTHON e the beginning part of the
data i s bei ng expansi on-processed and pl ayed, the other part is being
processed, thereby making the delay tine fromwhen the request is nade to
play a presgérei bed tone until it is played unnoticeable to the user.
BACKGROUND ®PNH-EENGRAHOMDEYIGE ANBAMESHOD, RISTREBUTION MEBIUMoANDane
machi ne, user operation occurs 20 25 randomy, so the tones that are to be
pl ayed cannot be antici pat ed BAJA REGORDINEhMERIUSEi bl e t 0 generate tones
by predicting user operations for sound-expression requests. One '
requi refrent for an el ectronic nusical instrument or gane nmachine is that

when a req;iiﬁi ié ﬁge for El aii ng a prescribed tone, it nust be played
i mredi at el y= Ed such unpredictable requests for i medi ate

expression, the tone data ysed in electronic nusical instrunments and gane
machi nes has ei tHEAMHEHOR Edpfet tonhione sensrationdigeicp arthmethagdissibatiansi ng a

For et SneEled At YRGS oR RS FieRinte, Mobtsncn el die uarvion RO tone. 25
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hi ah. - . Do . «ochni j t echni
o ovi 0 | ekt PocAheRibdieind SURA fP Ah 1hERRL Bi R RN ey by user
operation) bd::gimﬂthﬂrt bPthe d8ea't6 ntegﬁﬁgﬂh@ton@n& nd'ch gﬂ{&l&g is do B?%%:f?} eto

t hat R an

realize nmusic 5 playback machihes can genera ones.

conpr ess deiedtlier paitimptéséed AAE AR RAGsed uSA Pedisredd t 1/10 to
1/20. Furthernore, the pi%)und obt ai ned eb)}l egggﬁé‘c?ng gt ?nggﬁg?ggggd by ATRAC

2 is cl osewhiletheltegimningipagof sl {stbameRixBaABEES ang\prtd hébtes t he
sound obtai ned by expanding data conpressed by ADPCM 10 However, ATRAC 2
i nposes a partisibeing(prb@sied2Mefebl t)akhipgahe delay gmb WoBeWhémthe GUBSSS fia@dtand
expansi on than does ADPCM and for this reason it has been consi dered
unsui tBbl eplppp pegsedbaddaicuntil st is playedsanaticestlstoahedusgame machi ne, in whi ch
user requests for sound generation nust produce the desired expression

i mredi atel y.

BACKGROUND OF THE INVENTION

In an electronic musical instrument or game machine, user operation occurs

randomly, s0 the tones that are to be played cannot bc"anticipated and it has been

20 impossible to generate tones by predicting user operations for sound-expression
requests. One requirement for an electronic musical instrument or game machine is that
when a request is made for playing a prescribed tone, it must be played immediately. In
order to handle such unpredictable requests for immediate expression, the tone data
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).



Al so, in an electronic nusical instrunent or game nmachine, requests for the
15 expression of multiple tones are sonetines made sinmultaneously, which

| eads to the problemthat not all the tones can be gener at e@5 Sajpletaleni2002
imedi ately if a conpression nmethod such as ATRAC 2 i ssuedPCT/)90R500e
processi ng burden in heavy. SUMVARY OF THE | NVENTI ON 20 The present
invention elimnates the delay tinme between a sound expression request and
when the sound is expressed and nakes itgpossible to use a high-efficiency
encodi ng sound conpression nethod. This is done by tone data that is
conpressed usi ngﬂﬂdiffer.ent conpressi on nethods for the beginning part and
the other part oft ameidisk MDYrATRAE (addptige oasstoangoustid dbdfhy) siPATRAPart of
t he expansion-processed data. 25 The tone generation device of the present

i nvention Halavg beemdevelpped anbighredficiemayctncoding awtiis eormrassicit teelhiqifesf I r st data
that either s noh@corrpres_sed_ or is conpressed by a first conpression

met hod havi T§S&teshriguestnrenide bighispent! Gualitys predics thercomigCeas (o8 catfblled Bp

Sept enber 2002 PCT/JP99/ 02502 3 second data that is conpressed by a second
conpr essi or'SHERRFEHIONAIA erderdopravicad dapdata dnd ore neakirezis possibly Laesemgusihi ch i s
| onger %han fy%.ta the first conpression nethod; a first output neans that
expands >saiPPPrck maghipes that cam genpsate jongsong t he data read by the reading

nmeans and out pu;%ai,&' and a second output nmeans that expands and out puts
said 5 second ddtRrCHeancompress datade pbaut did, AedATRAS 2 oani aotigsesa damadi ng st ep

whi ch read t onsi,stin f first data that either is not
conpr ess edigéﬁqzl(g%nﬁ?@s Wthegmorg, gﬁersgt‘“%@?ﬁﬂ@%@ enpanding data kempregsed byhor t

time requir fy ian processi ng and second data that is conpressed
by a secon congrzelg)éﬁgﬁst?r&%%bgl?ﬁj\w (the prencomperssed saqund) thands thesanrd on

i ; j f first i t hod; first
o e =119 WA S BUA Bl Aok D 55 00 O 2 st
th agli Jt . t put st h d d
e 29119 TRyt RO o SPGB AR g n P

conmputer-r eadpi@lsﬁo@é@éw@ﬁhéi&ﬂhaﬁ’&‘éé&m@{,f&ﬁg?&gﬁg éga?%;a%t 'h%ﬂ) udes a reading

step which reads tone data consisting o &t her is not

conpr essedcansidesecownspitatis ft eldétranit infisicaF RERERSTE Vi short
time required for expansion processing and seconﬁma%ﬁgnﬁ%gs%f i::Ip‘gl(l)ir%flﬁr essed

by a seconutsetoequests Sorsoumbgdnechtion wiudgpddiéd Me HEHYH ERstedsiin iﬁfﬁﬁl‘%ﬁ’%&l?.ﬂ
processing which is longer than for the first conpression nethod; a first
out put step t haflsws imecadesmnic mugien dsstruhienf o gainedidchinTeqaestster gat a read by
t he ref%i ng means and outputs it; and a second output 20 step that expands
and out-put SXRIEssIond amiltipla tenes Trersomititnes nmde sinanEacbusly, whieh taidatd @eor di ng
medi um from Egﬂg&l data that either is not conpressed or is conpressed by a
first conpP'@ ahqt Y dheipppsepndegenerated i(enpresee) immediately upansi on
processi ng e%lgl second . data that is conpressed by -a second conpression

FUYPTESHgnyRethad spchas ATFRACZiavued imwhich dhegpergsing butden in haamger 25

met hod havi
than for the first conpression nethod. The tone generation device of the
present invention has a first nmenory nmeans that stores conpressed tone
data; an eXgRiNgia RS < ds the conpressed tone 25 Sept enber
2002 PCT/ 91 02502 he first nenory neans; a decision neans

means 5 second” angry e difink e e SR sReRD R sbud SiraeaoBy ( ne
. | . RS M REEBy
means and nepudwRARE SANs Phirthohd Fnd HRSUORETRE b et bleh e
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generation method includes a rst menory s ssed tone

ot momory ot op o RS RURGLtDy e o BINR MRS BT e one

first menory step; a decision step that % he tone

dat a exparntiefor pertdifi {0 Rk ori : stores the
partiactor Beddhai@ s Reco Mt ftorif PRECH e BRI DI RBkd B

tone data expanded in the ep I'n rdance W t he deci sion
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"the output of the second nenory step e output o €~ expansi on step.

The di strirbadsitare demaléomisii@uf HR6dRa GBI Is AR RO cSseR %?w&r;m}?%s%éd fyecout es
processing that includes a first nenmory step that stores conpressed tone
data; an BJirstqoansessionshethod havingex SRNCEME Fyuied T 88SASioh PrsceldhPadead in
.the first nenory step; a decision step that deci des whether to store the
tone data expanded in the expansion step; a second nenory step that stores
the tone data expanded in the expansion step in accordance with the
decision result of the decision step; and an output step that selects and
out puts the output of the second nenory step or the output of the expansion

. ~NN =l . N T -,

R X

o, T



25 and the second data is expanded and output. Tone data is recorded in the
data recording nmediumconsisting of first data that either is not
conpressed or is conpressed by a first conpression nethod h®5 Septensber 2002
25 Septenber 2002 PCT/JP99/02502 5 tine required for expanpCepyppopsessi ng
and second data that is conpressed by a second conpression nethod having a
time required for expansion processing which is longer than for the first
conpression nethod. In the tone generatign device the tone generation

met hod and the distribution 5 nediumtone data read froma nmenory in which
conpressed tone data is stored is expanded, it is decided whether to store

t he expandedcermshdatalthiabis cbhpreewddﬂ(tesécérﬁr@)nﬂﬁés%idnﬁnétmﬁgﬁ (fét{ﬁgéf@ggg‘?nce

with the decision result, and the stored data or expan ected

and out put .forl exBRSiBA pBIEEEHIgRThiCHNisT6nderthJaRoV NSRSt kbMpredsib® matBH O Krsfli 29T am
showi ng the conposition of an enbodi nent of a conputer entertainnent device
to which tnatpusmeagethet exriands i fisedad ad heedsamemdngihd datARAl bfthe Fig. 2 is
a bl ock diagram showi ng the configuration of a tone generation device; 15
Fig. 3 is dcafliegmsanssndlcatpuitsiy aaduastame dueme arandat dxpshds4nd §u(g_ugisagr am

explaining the flow of data relating to expansion processing; Fig. 5is a
di agr aﬁexﬁp%"ﬁiqﬁ@-t he data structures used in the expansion processing of
Figure 4; Fig. 6 is a flowhart explaining the expansion processing of
Figure 4; 20 Fi gfhetonasganertianmethodsaisodncliidey a readifig step whicl aéaals tetleatatang t 0
ot her expansi Qn, processi ng; Fi_tg. 8 is a diagram explaining the data
st ruct ur es “QRuSfingpifiret deajathaisiither i netensenressedor Sicgupresed biiadirstd i s a
fl owmchart -expl ai ni ngIF t he expansion processing of Figure 7; and 25 Fig. 10
is a flowchAMPrESRAN Mnathaddagingearshast simesieawirgst for expansion piOESRSing BB BESGRI PTI ON
OF THE PRElaEtRR]l]EI?.ENBOI)I NEN'g 25 Septenber 2002 PCT/JP99/ 02502 6
ata that 1s 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 method 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



The fol l owm ng enbodi nent is one exanple of the present invention, it being
understood that the invention is not limted thereto. The tgne generation
devi ce ‘has a reading means (for exanple, step S 1 in Figure 29 Sepiember2002
tone data consisting of first data that either is not conpPeS3E®9M2503 5
conpressed by a first conpression nethod having a short tine required for
expansi on processi ng and second data that is conpressed by a second
conpression nethod having a tine requireg for expansion processing which is
| onger than for the first conpression nethod; a first output means (for
exanple, step S6 in Fi gure 6) that as necessary, expands said first data
anong the déatareaddy the firshmemeacineansye decision eheans that decides whtHerao 3rs@eond

out put means (for exanple, step S7 in Figure 6) that expands and outputs
the second ¥aEdatapapanded by derespansianmens] & sedoasd nrenfory SlearsRR@EMré¥aROS (fOr
exanpl e, conpressed data unit 5 b in Figure 7) that stores conpressed tone
data; an ex{PBRdpi3xpansed by therexpansiqn meansyipacordanceiwith tdecRionirgsultef the hat
expands the conpressed tone data read by 15 the first nenory neans; a

deci si on nedfstsion Weansy andhancoutpit epeagy that seldetgamdeoudutd thabuipacefdrssesbed her to
store the tone data expanded by the expansion nmeans; a second nenory neans
(for exanpl BEMABHBEINS @iithe Bitput of thegapansionameanst ep S 15 in Figure 9) that
stores the tone data expanded by the expansion neans in accordance with the
deci si on result %€ CReBensEationsrethadiingludesmifisshmemopustemtharstored commessap! e,
steps S 16 tand 20 in 20 Fi géur?lég) that selects and outputs the output of
the second HERHF: anexpansion step.that gxpandsdhe eorapressed terietatareatio thefigre 1 is a

bl ock di I f th fi i i h wh h

o ock_ 2010k Al SRR A A G MR e e b oS oo
o e PO A W L e e B BT 50 o S
Host i f i . i f FI.FO 3 i st 32,
st et ol ST B 98l B (R B S

Sept ember  2003nRGELRAA Q300G tHe @B@Sﬁﬁ@edse%&ﬁg@??yzﬁ%&gﬁ#e &ﬁﬁ'ﬁ ashfocessor

60 are register 32, direct "bus 3 I'ns t 7, and
bi t conver tegparkibn ftgginect ed to main bus 12 of nedia processor 60 are host
interface 1 (specifically, FIFO 31), bus arbiter 2, instruction cache 6,

SRAM 7, bit conVitetdistrib@tionhTurh $idvedds 2 BRRIYer3E4RER prodtith 4, DRAM
5, and digital signal processors@l(rDSPs)a Sﬁ;teﬁrough éﬁ%q F%lga?u&%@ig?

execut es v@rdasssingthatinchidesn fiscokiongstéthat 16RE campeERH eshel fatadaENMOr y not
pi ctured. For exanple, host CPU 57 may store prograns and data froma

recor dildg @ERANSiONStepHthalsexparTS-IRGbn{esspdine dataltead iaahl Rt MeMBIYY; anOt
shown in Figure 1 or conversely acquire progranms and data stored in DRAM 5.
In doi ng sdecifignstepdhatierides whdtkes tastorcfhe sonetdataRpihdeddmthe eapasionatepg Ut | on
of a DVA transfer between FIFO 31 and DRAM 5. Al so, host CPU 57 may
directly aBS8LNdipEmen stepdhalstoses the tone datasxpantied éu thelsupansidn sBpdnar bi t er 2
arbitrates the,use r.igpta’ tQ main bus 12. For exanple, when there is a
request fofCWEIaRcE withthe decision et of thededision stepnand an outpusstep Hiat sslects gi ves

e o L) A N TR B SR rtairshepbes bt e o o
bus 1220 and t enuhe St AT 9 ot o R Wi i ook Gemiieeiod sFoe 5. anc
out put's it cdpRgsth byRUirst/contRrlisih Hhetid havify 4 SRS retqni%d o e;ltjlssa%gio\rll\hen

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



20 handshaking is done between host CPU 57 and CPU 3; it stores data that
expresses the status of processing and conmands. CPU 3 accesses instruction
cache 6, |oads and executes the program stored there, and a®ShSeptemaber 2002
accesses SRAM 7 and is supplied the prescribed data. And i fpCTHE98/0250M0
data that is needed for SRAM 7, CPU 3 nakes a request to DVAC 4 and causes
25 execution of a transfer of data by DVA from DRAMS5 to SRAM 7. And if
there is no programthat is needed for igstruction cache 6, CPU 3 nakes a
request to DMAC 4 and causes execution of a programtransfer by DVA from
DRAM 5 to instruction cache 6. 25 Septenmber 2002 PCT/ JP99/ 02502 8 SRAM 7
can access g requined fer expansi@eptoeessingand ccdnd data that lid ARSI 4 QEpipt h CPU
3 and DVAC 4; for exanple, it is a dual-port SRAM and is provi'ded as a data
cache, and EAmIgSIdeme@od haviog e dinicrredRAdl| fbr eipansib® pReesdi WHIAA 1driger
frequently ﬁg,(&: ssed from CPU 3. SRAM 7 may have a two-bank conposition, one
being 5 con U dhe Hrstramprgssiammethddt he ot her to main bus 12. Instruction
cache 6 is a cache nenory where any address can be accessed and data can be
read and writt enth tB tong @eRaratinnadayics ity tode gendDititi rhcthod arskthe distriputien ams t hat
are frequently accessed from CPU 3. Bit converter 10 converts the bit wdth
of the dat amF%B{E'ttOW gaterad fipm 3 memory fnewhioh somprssidttord data issrmd ie, 128

bits) correeélgon ing,%cge g{ai n bus 12 and outputs it, and converts the bit

wi dth (for BRAMFe 1s8eciied whegrer tiorgdheeipapded tonadata,ithe bypanded towe ddte bi t
wi dt h corrﬁgge%n% Haﬂto (@H bus 11 and outputs it. DSP 8-1 consists of
progr am RA| OfCed i Aeqereanss with shesdacisian reswt ang the sbeed data or pardedeatataor s
vari ous op j ata RAM 22-1, which stores data, DMAC 20-1, 15 which
manages thggglgﬁgqs%l}&j%"ftp'ﬁr ogranms and data stored in these, and audio
interface 24-1, which outputs to nmultiplexer 9 the audio data generated by
DSP core 23-1. Although the description is omtted, DSPs 8-2 through 8-4

i kew 36 eBRIFPVHESCISIFRION DI re as DSP 8-1. Multiplexer 9
sel ects the audio data cu?mntﬁ; J@E&%ﬁé’ﬁerfaces 24-1 through 24-4 and

! pur 1 _
outpuLs it 10, SITAEHIE abfckAfadihluh Suihg MO SR WP A it 15 Par ¢ L hat

concerns the tone generation “devi ce; e proc e by each
part as welcompater btefthiamenl dedledo whRiR ; host
CPU 57 (Fi gurrng 1) reads froma %O}RO\/I r(;f&)gl? g@%@%‘ﬁéﬁl‘%?%ﬁﬁ?@ﬁﬁs shown
is stored iapplmwlhpressed data unit 5a of DRAM 5. The stored data is
transferred to DSP 8-1 via bus 12. DSP 8-1 decodes (expands) the 25
conpr essed dat aFigh&tis a blackaliepfan Islmivin'g'hw‘cdnhgﬁraﬂ&ﬂaﬂﬂ@ﬂe B@lctation delicher
transferred to and stored in post-expansion data unit S5b of DRAM S5 or, as
necessdy, is plFig2is hdisgratmexplaining 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



speaker 50 via nultiplexer 9. 25 Septenber 2002 PCT/ JP99/ 02502 9 The data
stored in post-expansion data unit 5b is read by DSP 8-2, an itch
conversion is perforned on it. Pitch conversion neans, when %bgePIﬂmhgraOOZ
tone, to generate another (higher) nusical interval by, forPGHHEH90R502aki ng
a lower tone as the fundanental tone and changing the frequency of this
fundanental tone. For exanple, if 5 fast-forwarding is done in a cassette
tape recorder (if nore data than usual ig played back per unit of tine),
the sound is heard at a higher pitch. It is clear fromthis fact that in
order to nake a sound higher it is necessary to change the readi ng speed
(pitch), read t h&h&iotowing embedimentris orasmmpieoftio prasemfinwéation, iGemeer sel y,
if a tone lower than the fundanental tone is to be expressed, it suffices
to have dat ‘é“vﬁh%‘?oq@aqté%ﬂ"@hﬁ@n ismot hmiteditheret® when the tone is to be
expressed at the_fundamental tone. The data that is pitch-converted by DSP
8-2 is either trafstoBs geReratipndeyicethes & caidingpieanh (fooemenple dtef St dn Bigute 5¢ of
DRAM 5 or, g)ls r}ecedésar is played back by speaker 50 via multiplexes 9.
Dat a st or ed) HtIFadsHo FQnsisting phfitshiata that either dsabt ogmpessed-08js and
envel opgS 15 roces(i'bng is performed. This envel ope processing is done in
order t ch‘éﬁ@]’ées(sg y 4 g3t compgsaion methadchavings shiedigee requiredifabexpansio sound
of the same_nusi.cal interé%lgﬁ,at't suffices to vary the sound volunme of the
l

sound expr d2SrBHIEARI SE59R &5 sampressedibx a serend spmpression methodhawing e, t he
Vol ome 1 eachie RaieR for G oh RO e o i is Toneprinar fos (Sobmtoanepremion.
1S o murnenpd S SCARRu LTk CRile SFep S4FiiEwE 6 BB peRRsSaY ned. and
Sound vl urepaisRuffiGisCits Aot il SR by ma AR TRk rd g and, |
Lhe: Sound v onaroulih Meahs HoPLAdRIHIE e S7ih PR b Gt Axhlindh YR dutplesthd eneec

envel ope- prsecagsiach.data is either transferred to and stored in

envel ope- processed data unit 5d of DRAM 5 or, as necessary, is reproduced
by speaker 50 viThertuhd gqnesion dSvice had% tﬁ@ﬁh@ﬁ‘@@rmaﬁngo%ﬂréﬁg%ﬁ’%%&é’edlo The
data stored in envel oped-processed data unit 5d is read by DSP 8-4, and

ef fect prodletaginith bsindfigered that stofsfcomprassedasasidig ah%x?_é’r@ibﬂﬁﬁéaﬂg(tbhat adds
a change to the sound, such as an echo or distortion. The effect-processed
data is tr&X&PRer expangior Hait §2 in Biguie7)thif expandy the esmprswid ttancuiataresebpf DRAM
5. V\heg the effect processing is 5 conpleted after being done only once,
the pr deesdBafligghmgmory @ﬁmégwsmn@p@@ﬂf@rmmmamﬁn impFigurer9) ¢hat | f ef f ect
pr ocessi ng.di S, donﬁc lt]V\A ce or nore, first, the first-tine effect processing

i s done by 9ERfesI¥hether i siope the denedatasexpangsdrbyrthe gxpansion fisamspd seaondnd st or ed
in effect processed dgta unit 5e. Then, if second-tine effect processing is

done, DSP g4 VELHENIGOL HEMPAG MAMRLY upk 53 inFigyre hansk stepcs Lopin Siguse Bxthatat a

processi ngCRRAHRIORE GhesPENEH RythdSreanEmghisdn aatosomes Wb fhaspiny. and

part 1ot at Sah gt ateRis hoS and i st Simeleo PR Sl Ao - 1

¢ ti I . hin . . h 15 unit 51

expans on G DHBGRI R Pl SE bIAREE P BB By BittBioh relnfiits
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.



correspond to DSP core 23-1 and digital audio unit 24-1 in Figure 1. Data
read by host CPU 57 from CD-ROM 61 and transferred to DRAM% ié stored in
conpressed data unit Sa. Data stored in conpressed data uni #952eptember2¢Q2
arithmetic processing unit 51 of DSP 8-1. Arithnetic proceB&ligooRs50251
transfers the 20 read data to expansion unit 52 or nultiplexer 9. Data
transferred to expansion unit 52 is expansion-processed and returned to
arithnmetic processing unit 51. And arithpetic processing unit 51 as
necessary transfers the returned data to, and stores it in, postexpansion
data unit 5b of DRAM5. Also, data transferred to nmultiplexer 9 is played
by speaker 50. Zprmegied to GPUdusfl 1 ofienciarmoctason 60@ecregistés 92, dHacRai36l and
shows the fégruct,ure of the data recorded in conpressed data unit 5a. Data
of the strUcfY¥iPeinstrehionicactei G SRAM 7, snd bibcomeetenl(e, Cahmtated hahaipbasgizes a
single effggt spund (hereafter referred to as a one 25 Sept enber 2002
PCT/ JP99/ 055 dedixpragesger60sase hast interfacet (specifically dFEOCH) duis aghiten?] consi sts of
a one- bl ock unco&gre sed data_part and a four-bl ock high-conpression data

part. The URLQGHPBCAcEE 64SRAME bit eanveitert 1), PMAG 4disect pentorf-hccessd dat a part

D1. Sinmlarl C of the high-conpression data part consists of
header mgar tcoﬁﬁolfqagmsaé}@é digitah sigasliproszssony URs) 84. thuphB-dexanpl e, i f
the one effect u 8 L’?Jt he bang sound "dokaan," the "do" part is made to
be the data (uni‘gﬁg B Frgeutes vastoug pragessing acourdingriel apregrark sored ipart i s

de to b he dat a .(hi gh- i t f dat ts D2 through D5.
Ther ef or 6. CHTory RALPiEHEL o8 PR Blekos B amertore povsums and dua b 2of { ot
d i i th | | h of th ffect d dth
coanti 1y ofstFRE RGN QR CrE R ook e d HY MO B dat .
Th nb I L t t h i.gh- i
Gata part FRuoLOF Envelbely ot BEBIGR G 48 ThrE nRBM SO dud s RGR °°' "
Wittenoi n CPieSheaR& Srelfhest iy BNEAC H%n&%&‘usw&eﬁﬁ.étg(ﬁl &fa DO ﬁﬁ{sfe?%gt%gﬁ ng data

parts D1 through D5, whether the data part Is npressed Or unconpressed,
and if 15 CIFQBELIRECDRAMS. CORP, 1R36¢ ' ts D1

t hrough DS need not be witten l?%ﬂijgﬂez;sﬁw{)cgp?%&%f t he gg;rlr(goﬁgtlrform
size. For devogslvia dirdct BAdSFS, (adapti ve transform acoustic coding) 2 is used
as a high-conpression nmethod, then nornmally the size of the data part of
one bl ock is 20B8s Arbitedl2 Trbitratty thé uddAgtre@ANsn bEO12.Niér dxample wHlad fhere
correspondi ng to 2048/ 44, 100 second), and by adopting this size as the 20
uni f or m si e igquashtor datadrapsfet frofm hdseCRUGTTP DMAEH, Bas abperl gigewthé bes dat a
part of _ the highconpression data part; there is no |onger any need to wite
in theli zHeWt0 DMAGH sp that data mansferby RMADGire¢tanensary ness)vdn bomadader s HL
t hrough H5 Ne}ﬁ)t ferring to the flowhart in Figure 6, we describe the
operation fpm éf?gﬁewg}@ M 3n device shown in Fi gure 4, in particular

during expansio essing, First, it 25 js assunmed that nmultiple tone
data read pr evigﬂﬁ gf?ef’ﬂ’r?f%ﬁy glerrsdhe data thatisiputpub frem hast EBHYTcand eutputst a uni t

5a of DRAMt?ng(Aé\?SSG te r ][?2802 PCT/ JP99/ 02502 12 In step S1, arithnetic
processi ng uni rvégﬂga"’t 4s 1% ARd tpmporarily stgres therdagasthatis trapsferred f9mure 5,
the five b f COmNn S ni, t . In step, S2, arithnetic
processi ngb%ﬁ)sﬂaggk’é%‘?Logﬁ‘?fg&ggﬁit#%sﬁeégaésFFFgﬂsrﬁ‘th%dﬂWdé‘fheBach bl ock

of theyyea i ' ' er H is read. Using the read
data, n s?aeﬂggfsh%"%?ig ta R@{@E@ %&ggg?sﬁng'%uéﬁ?%ﬁSt&éeéid%&tﬁg‘\ﬁé?ﬁé‘c?es e data
of data pagtgtupoflprgggssilﬂ &Rd ggsed. In this case, if, depending on the
information in header A, the data part Dl is judged to be unconpressed

0oL 20 O R s ek gy

transferred to nultiplexes 9, an

transf err eghda3 ns@R%t ¢ hceSses BRAMI 7 ardSs %@K@@th@i}éﬁgﬁ@gﬁiﬁ%g@%&rﬁéﬁe

processing of step Sb is 10 conpl eted, pr oc

ari t hmet i cndd¢ ¢a6isH@edsd for SRANE G ’ 't{mg is the

final block. In theS pfr:esen_{ case?’ ??gigémﬁ%?gtr%@aﬁtﬁa %%Eg‘?dj%g&ist returns

to stes SZexetwtichicER tHAsferbf 441BY DMARAEDRAM sttalsgwéﬁ I %ﬂﬁifftﬁb?e figba that
ecl des,

has been witten in header H2. And.in step S3 it ased on the read

dat a, whetprograin thatss aestied €ssiastrddviol dhéhe 6, CPUNELMRKQ%S8GudsPREDMAC 4 nav i tten
in header H2 that data part D2 is conpressed data, so it is decided that
dat a part dBsdsexenipnef s peogtaharansferiby DMX 66REURAM 5 36 aRtriddtionldAckd&p _ S4,
arithmetic processing unit 51 transfers the data of data part D2 to
expansi on unit 52, and expansion processing is perfornmed. Then the

expansi on-processed data is returned again to arithnetic processing unit
51. 20 In step S5, arithnetic processing unit 51 deci des whet her the
returned expansi on-processed data shall be stored in DRAM 5. |n other

1 . a1 o o oy



25 dirspense with an explanation of it. 25 Septenber 2002 PC'T/ JP99/ 02502
13 If in step SS it is decided to store the data in DRAM 5, it _ proceeds to
step 57. In step S7, arithmetic processing unit 51 transfer 25$fptember 2002
expansi on-processed data to, and stores it in, post-expansPOT/JH2Y/62502it 5b
of DRAM 5. Processing for sound generation is perfornmed successively by the
subsequent 5 DSPs 8-2 through 8-4 on the data stored in post-expansion data
unit 5b. Thus, first, unconpressed datagart D1 is inmediately played by

t he speaker, and while this is taking place, high-conpression data parts D2
through D5 are processed, and in this way no delay occurs from when a
request is made SPAMI7aganacesse any adiresstand ecadand kritd dits sigludtigsbusigdbnal t hough
the conpression ratio, such as for ATRAC 2, is high for data parts D2 10

t hrough D5,both CPY 3ped DMAE 4;dfousxanzple,dnis maimal-pont SRANDShd i rovidedes at i me f or
t he expansi on processing. Wen the processing in step S7 is conpleted, it
proceeds t dlaticaghesgnd ameng theidatadkared stDRAM Bt stofes dptaahassirequéaiy i s t he
final block. If it is decided that it is not the final block, it returns to
step S2, arf@cestd fm EEEL3.nSRAG 7 mdyravi e two-bank eopepmisiivn, @re tieiig 15 ot her
hand, if in step S8 |t is decided that it is the final block, in the
present ca§8’,chgdit? GPY busdilpnd theather toangin buskded data is the data of data
part D5, then tﬂgsfrprocessin of this flowhart is termnated. In the

f or egoi ng expl anaiiughen ¢ache fyby & sachg meaasy wherelany rddressan b penessedand wer e
used, but |ow coppression data may be used instead of unconpressed data.
Here 20 t hd2@&an Biaaéﬂg wikttennelghp progeases storedincBRAM S sit steresprograms that

hi gh- conpr essi on e used.int sense that unconpressed or | ow conpression
refer to c8 %‘gﬁ?‘bhaw%heﬂl &?Ut:’l-e time is required for the expansion

7P % PO PR o AETRSTAR el e RO
AL T e

unconpr ess eghvefts BORNTMIEES Sfhmple, 22 b?@r%ﬁlﬁ_?gita ﬂ%ggvi%ﬂiﬂ 8959{9‘%5*9%?%4 even

Menory unit 53 inside DSP 8-1 as shown ure makes 1t possi

W th data whdth copipording tOTPTOBIRI1a SR @iputsqt. d0 t he expansion so that no
delay arises fromthe request to play a sound until it is played. This

menory unit 53 DSPréss poriiss 610;)16%‘361 RAMR L2 vkhich stbted prérams Rselieheh I8P

generation device having DSP 8-1 shown in Figure 7 handl es data that has
the data steora@8drgerfinasmaricusfopgtations}dAfa. RAMAN2-1, whiéist6rek dite, DMACDRH-act
sound (data parts D11 through D15) is conpressed using the.sanme conpression
met hodlS anwhgmadees-lha trahsferuafiproframaand d4th stoteddn thes€ aal addib antpdiade D11

t hrough D15, O the expanded data d11 through d15 (Figure 8(B)) nade by
expandi ng £#rd, which ogtpsigrtoimultiplererfuthe agdindataigonerited bk DSP expahded data di1l
is stored in rrexg‘% unit 53 of DSP 8-1 (the nmenory data unit), and the rest
of the expanded ughithe desceigtion isomitted, RRs 82 threvgheS-4 Likewise gachdase par t )

T ) s Pl B e e
b L o LT L 5 L
ol ooke s momor § ENE SRR o F8hG 198 b BBt R O kel Ui ¢ s
| A S LA R (0
par 5 D11 ThBareadpBorsi Sugt Rhdy ERTEN UM el dRBARIABr G Bt e

9 shows_t hehengesttingm&iuth it Bifvin I‘Qfstotr&ﬁntc%lﬁﬁgfe'a?fa?afJnrﬁgﬁagtgwgom | n

Figure 7 that concerns expansion processl ng. rst, , arithmetic

pr ocessi NgTHétbred Yafa Q@ Eandrérpen HIPP -Z)%f}éitl)lﬁﬁzﬁ D@Pé%-%ﬁﬁcgfésgeéé{%ﬂ&s)% the

data 25 structure shown in Figure 8 n step arit I c’processing

unit 5 exéedthpressed QNG tint iLrardRQESAC Theh Ws S@aRRIaldlid eftherQtgbretiddio2dndt he
read data. Looking first at header Hll, it reads the 25 Sept enber 2002

PCT/ JP99/ 032582 irl posiak parisivatdatSunit 58 6EDRAM 5 bor, ab Redeb iy, 3 play&tpisRR bgn t he
data in header H1l it is deci ded whether the data of data part D11 is data
that is tospaakes50vidmuhiphexeppy unit 53. In the present case, it is witten
in header Hl1l that the data of data part D11 is data that is to be stored
in menory unit 53, soin step S 13 it is decided that the data of data part
D11 is 5 data that is to be stored in nenory unit 53, and it proceeds to
step S14. Wth regard to the data which, it is decided in step S13, is data
that is to be stored in nmenory unit 53, in sone cases expanded data has

o, - o B . ~Aa - I




That -is, a nunber unique to each of the data parts D11 through D15 is
witten into each header H1l through H15. And in step S15, which is
referred to below, this nunber unique to the data part is al2boSeptenber#Qg2
t he expanded data is stored in 15 nenory unit 53. Theref or BCIVPIRI0BEESSi ng
done in step S14 is processing in which it is decided whether menory unit
53 contains data having the sane nunber as the nunber unique to the data
part witten in the header of the data part read by arithnetic processing
unit 51. If, as aresult, it is decided that expanded data dl1 has not been
stored in 20 nemory unit 53, it proceeds to step S15. In step S15,
arithnetic procebis ¢agp sipicd ispostreaparfsimsdatanenitiitt ia reatl byddSP $ andifcht o
expansion unit 52 and causes expansion processing to be perforned on it.
The expansi GRVHEOBdspatPrarg ande Pitthcantiision mears; wheregernemtimgiattometd c
processing unit 51. Then arithmetic processing unit 51 stores the returned
expanded dageacteranctherhighey) musicaldaerval by fordxempleptakihgch Idwentodd as thaat i s
returned to 25 arithnetic processing unit 51 is transferred to nultiplexer
9 in step Jvpdamepdaldoneandshangingithe frequency of this fundarhentalddnd. Farekamplegifer 9
IS transf erred to and pl ayed on speaker 50. 25 Septenber 2002

PCT/ JP99/ 028¥omveartlingjis,daticdp a Sasseite tapg resorder fmorexdatathpmnsialiisqdayadd1l has
al ready been Etored in.nﬁr’r?]ry unit 53, this data is read. And in step S16
t he read ej}fﬁ perritfdine)athe soundis beard mbe higherapitshk Bris glgandrem this fachihaker 9
and is played. W?en %ehe%ﬁ{gag]e@si nq in step S 16 cones to an end, it
proceeds t dn&fdehtampkea 1ghey 1115 uecgsRrtoFhanes thfoicading spred dpitchd.deaht a

t isth inal hlack. In th . t ., S| it
ot data pand 4Rt dadlebitE ghé Bt of i, Conyeispaf SR 685 Thamihe cp s12°
t he dat { L | d 2 1n.th t
case. 1 o r dubdebfbold drte OREDrethod WRREEE po P o N e i g OBl part
D12 i s 1dat aylidndhe ione b beQRxpRsliat B 1 iYopnit 53, in step Sl2 it is

decided that the data of 10 data part %1@ I's not” data that is to be stored
in memory unit Sthe datdhidis PRALESHRrEPbFDHEP 8 R cithét t%ltn%rr?d iPandhdrb L | C
0

processing unit 51 transfers the data of data part expansi on unit
52 and caugpishespenkd dataunGest DRAMYS 86 aPRdcEAhTER pMyell backB\espeaker 50 |
expansi on- processed expanded data d12 is returnéd to arithnetic processing
unit 51. 15iadmdltiphexst ®p S19, arithnetic processing unit 51 deci des whet her
to store the returned data in DRAMS5. If it is decided to store it in DRAM
5, it proceeds tRatsstersd 2 Pitclrochverpddate dnit 4¢ & reldlby BSB 8e8, afd envelope

post - expansion data unit 5b of DRAM 5. Then, when the storage processing is
conpl etlgd, proressiegpisperformad: hhis envelnpe pearsssing ivdone mbrderdo deangeiet)itbe t he
processed data is the final block., In the present case, since data part D12
20 was pr odiEd¥eqln erder tg change thajtimpbeeofiaisoprd pfghe same musigal inteviak it suffieest ur ns
to steps 1% and t he Qrocessi ng beginning here is repeated on data part 12
and t her eaff? ¥31Y the squp ¥P‘élﬂw§figﬁ squd expressionaandispund silencigg (tackandy that i s

to be stor IR - M5, .in oLher rds, that |ater-stage processjng i s not
required aﬁ%loffﬂaﬁ of ?ang’lﬁgli‘ea" Emd\ébaﬂl‘)é%"é’cf:aﬂg’e gd Boas ﬁQ‘PWBr‘%E@é‘EFs to
step S16. 0, i egi nni in step .S16 ha ready 25 been
descri bed, -gg'g)’ ﬁes%géé X&ig&%ir%}?ﬂ%ﬂgﬁafw Value 1mmedciat2{y afior 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 5d of DRAM 5 or, as necessary, is reproduced by speaker

50 via multiplexer 9.



By perform ng 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 stared 25 Septenber 2002 PCT/JP99/02502 17 in merdfy $eptembar2082
taken as tone data for the beginning part of one effect soqﬂgngp%?hjsb t here
is arequest to play this effect sound, the stored data can | mMmedi ately be
pl ayed by speaker 50. By processing and generating tones fromthe rest of
the tone data while this stored data is ﬂfing pl ayed, the delay from when a
request is nmade to play a specified 5 one effect sound until it is played
can be kept short enough so that it is not noticed by the user. For

exanpl e, if thi sThodaa gereriatchesoskavireeesssd deohil & i 6.4 gy ef fect
sounds of a gane machine, it is possible to var; ﬁllgg%ggﬁ?lﬁ%@géf&gdata to be

stored in pragessingS8 dewcomr itli Effeck Brdcb&inos)ie of
effect sound) so that the 10 quanti tg of dgagzdgﬁsrﬁ) ?hagf%ﬁﬁ %@f}g?éyogtﬂ%e
stored in n¥wsdysughps arb@hoor disttetiomt Thé ufedpipesdssse®flattl & Parkfired tf sROUENt |y
used effect sound and into one block of data for an infrequently used

ef fect sounioredin pifeckipsascgsod dataluaittSe oFDRAM 51 When eatee fRbcddhgist hat

normal Iy is used only once or a few tinmes, such as the explanation of the
story u<ed §ompleted afierticing done ohly apeegthe fricesssdilatd i exprbseddy s?&zﬂ(@r SOeiabl ock
is to be stored, 15 Next we describe, with reference to the flowhart in
Figure 10, ‘PH’élPl%E'éSP}si on 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 X Rffest pracessingiis donatwict awino, first, thiafimst-titne effeay procasingisi N
Figure 8 ar rn'gx?(été)get her, In this case, for exanple, the data structure
shown in Fi‘ﬁ’&? yDIFS-fsand thisdatarie temepesarifstransferred toaod stooashideffested onl y once

or 20 a fewfi .such as in the openjng narration of the game, while the
data str uc}t,f‘lﬂér’éeer‘%%ﬁl lf“r\tér B lgs‘?cé’“ﬁ'é’&? ¢ffsct proecssing és dmeaDgPMfeeda sounds

t hat AP eh. . By th dopt. i t t t that fit
he t ong daraoay BelisAe R RS 3T gRGRI 2o Bosris thciedpc- amehor 1 ened
Th i ; 3 .1 S. i ng.f t h in which
dara 28 1 5 o e iR R R7 L REA Doty s YR el G naiine T

expl anat i ora]agafbet\h&ng%gsggsjnagfﬂc&_ rgge%gﬁds%aggéﬂ&rom tted, because it is the

sanme processing as the processing i n ste hrough S 17 in Figure 9.

o L et P AT

data read from conpressed data unit 5a I1s

menory uni ex&pted tront Figaeds DSP 8116fnéithally hehldEPwRRfh it MbhAE bl cgeRfCCSSI N0

unit 51 decides whether the read data is tonpresse ecision is
made ud$ ngunitélaad axpunsiohenitisa. AiRhMERSSIocakingaaN 51'a08 KxpanbiohtunitS2deci ded
that 5 the read data is not conpressed data, that is, in this case, if it

i s deci ded°emgspond to RSP nero 23+ eawkdigita taadiol init@4crmedpurt 0. st ep S36, and this
data is transferred to nultiplexes 9 and is further transferred to speaker
50 and i s pl aye®ataread by Boss CPELST fromi EDROMiGcandlimhsteired tocDRAMEds | S
conpressed data, it proceeds to step S40. Arithnetic processing unit 51
transfers PREGIA 58“‘8&?%9@4?%% iRata atorad ip zompressed dataumitsSads paddiyon
processing_to b erfornmed on it. Then the expanded data is again returned
to arit hrre?'i‘@“‘ﬁﬁfsg&‘gf'w Wi 21 ef DS §-1s 1 Asithgetic processingawmitcfddtranstersthe t he

dat a r 83 ur&gg t@ arithnetic, %roces?i,ng unit 51 is to be stored in DRAM 5.
The 14w of*aBd3 42 EXPANSIOR #nit 32,08 myltiplexer% Ratepansfroreddo expansionainiti5dis as t he
fl ow of pr i i npni Wth step S19 in Figure 9, so a 15 description
of it is o%%?ééﬂ'%f%%%‘?g aaﬂ%&wﬂm arfhwgtic POgessigg it Shhéwdarithmetia i ¢
processi ngpiRkdsing inft®39% necessary transfers the returned data to, and stores it in, post-

expansion data unit 5b 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



data-from conpressed data unit 5a (step S 1 in Figure 6, step S 11 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 sufficetp Beptembend0(2
the header and to performthe subsequent processing. 20 ~ AEQPRARS5IBRY
read it for each bl ock. Because unconpressed data or data stored I n nmenory
unit 53 requires no | ater stage processing, it was considered as data which
is never stored in post-expansion data it 5b, but it may be stored. Even
if it is arranged that the data is stored in post expansion data unit 5b,
no tinme is needed for the expansion processing of such data, so 25 this
i nvent i on i effest seund).vin this caseyeestfdcd bowliionsisk B8a bikehidel ﬁﬁ{co?'dﬁ@s &d &H%Wnen a
p yeg. 5

request is nade for playing a prescribed tone until it 1s

Sept enber  2pRarRCGT{olPBRICR AighcohthrdsRiondiatd pdrk UtticQitcamRpRssel Ahta iR be(&i.i%lg the
user with a conputer programthat executes the above processing I ncludes,

besi des i nfefrheadérgartriEtardtiatgpareDi 2 Sinitirly SadkIeaR df theigh-cam regi)?lm
transm ssion nedia by networks, such as Internet or digrtal satellite. 5
Wth the alecansistsrfibeaticr pare H3aleugh HsrandaMiagart DI @rdugRgener at i on

met hod, the distribution nmedium and the data recordi ng nmedium tone data
is read3that con€drsxemple, ifithesanedsdifcat tdnad is the bhngh@und tokasH]PHE Y86 thadl isi S
conpressed by a first conpression nethod that requires a short tine for
expansi on ghifededethe dat (hnsempressed alate) oF data ipart Ddyidahs Sichahy part Benaldo

conpr essi Oq}enﬁthd that requires a longer tinme for expansion 10 processing
than the fi%dpe eyathighermarcssiomdetaefainta partsdp thimgh®$d Theteforetthetotdlr st dat a
i s expanded a§ negessary and output and the second data is expanded and

out put. Thi™¥TEPt Rleks ¢fdonsdag canstituting one eifent seund vguiessdependingdiethieor

playing a prescribed tone until it is played and nakes it possible to use a
hi gh-ef f i cﬁ%‘ﬂe?faleﬁ%‘&ﬂi &eﬁg%so(‘:‘ﬂ%?‘éﬁ@i qyRntigy of dafa inthe uheomprassedidata

conpr esgi o A he t.on engerati on ice,of the present invention,

t he tosrllg gglr}celﬂ%t%%%rr%‘? fgyen gﬁg‘ ?ﬁ%nwg?frq(}%%w the ynepmpressedaiapart r ead

froma memypy éibhd ' sed.tone data s stored is expanded, it
i s deci ded whet hel% ![cgm t(b)sﬁgn ?ﬁ@é@%a‘ﬁ%é@@gﬁgoﬁlg& f%’ﬁjéﬂgl?lﬂé(son the result
of this degéspe@ively.Ne expanded tone data is stored, and the stored data or

expanded data is selected and output, thus shortening the delay 20 tine

from when a reqWsited f tH@H&dE@rHﬂh?dﬂgﬁQ‘ﬁl gﬁftgfﬁié ARG éd?f’égg%@ﬁrégdd-ta{ s

pl ayed and nmaking it possible to usea I clency en audi o

conpr essi opaneDhahtoligh D5hwhétRérahéladta paR IPERSRHER if 2002
oo peo! et Do wough DENELREIIIaNE pAREPEREAE or untompREIARTif 2 02

conpr i #§ ngrompessedathengmprasion ifetod: GRESiAeVIAaEFhAs DO iodgH DY n8dd Rotl 1 1 St
data that either is not conpressed or is conpressed by a Tirst conpression
met hod whobewritten in dfpach bldclt isrof ehepsans ifopi i@ S Foékahiple MOATRA@Nd second
data that is conpressed by a second conpression nethod whose tinme required
for expans(aapireieansiirmpcousticonding) 2 iwsedl @s a hiphetbofiprestion amliels gean net hod,
10 a first output neans that expands said first data as necessary anong the
dat a read Byrmalydhe sizeipfige detapert 9f anoblogkis2048 TsghT's & 1444 t0iseomidysd neans
t hat expan&s aqg $ut ggts saj,d second data. 2. A tone generation nethod
conpri si ng S tag s PeRding tond8/4dali9 seennd),dad hy edoptingtthisgizofs fher st dat a
t hat d hey. i'%s not ¢ ressed ?r is conpressed by a first conpression
met hod” Who&& ?‘%Z“r%ﬁ@? Aatg Pres of the inqempressaddlatacnertpgdithe datopart ofthel highe ond
ressi on_net hod, whose tine required

data that } ' d b d

For “expanst SNPRRRUERRF Ryt s BPnastaRY R toariso 1 18 ize G et WSt hodl

20 first t hat id fi t th
afirs B?%Bﬁ@ﬁgqg?tﬁgﬁﬁ@ﬁﬁg?ﬁ%dgﬁ' {hlgorqsg | ng as necessary anong the

data read by salrd rea

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.



a second output step that expands and outputs said second data. 3. A

di stribution nmedi um conprising a conputer-readabl e programthat executes 25
processing including: a reading step that reads tone data cofsSeptatgber 2002
first data that either is not conpressed or is conpressed PCTAPYDID502
conpressi on net hod whose tine required for 25 Sept enber 2002
PCT/ r P99/ 02502 21 expansi on processing is short, and second data that is
conpressed by a second conpression nethgd whose tine required for expansion
processing is longer than for said first conpression nethod, a first out put
step that as necessary expands said first data anong the data read 5 by

sai d readi ng nealsstemll, atithmetic pracessimglurt SE ERa6the YR WataShEshd dFflt %ﬂgnds
and out puts_ said second data. 4. A data recording nediumfor recording tone
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10 completed, it proceeds to step S8, and arithmetic processing unit 51 decides whether the
processed data is the final block. In the presént case, it is not the final block, so it

returns to step S2.
In step S2, arithmetic processing unit 51 reads the data that has been written in
header H2. And in step S3 it decides, based on the read data, whether it is compressed

15  data. In the present case, it is written in header H2 that data part D2 is compressed data,
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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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-comprcssibn 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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Memory unit 53 inside DSP 8-1 as shown in Figure 7makes it possible, even
with data that employs high compression, to do the expansion so that no delay arises
from the request to play a sound until it is played. This memory unit 53 corresponds to
data RAM 22-1 in Figure 1.

The tone generation device having DSP 8-1 shown in Figure 7 handles data that
has the data structure shown in Figure 8(A). That is, an entire one effect sound (data
parts D11 through D1S5) is compressed using the same compression method, and
headers H11 through H15 are attached to each data part D11 through D15. Of the
expanded data d11 through d15 (Figure 8(B)) made by expanding the data shown in
Figure 8(A), the block of expanded data d11 is stored in memory unit 53 of DSP 8-1
(the memory data unit), and the rest of the expanded datad12 through d15 is released
(the released data part) when it is transferred to a subsequent stage (DSPs 8-2 through 8-
4, or multiplexer 9).

In Figure 8(A), the compressed data part consists of 5 blocks, but as explained in
Figure 5, the total number of blocks varies 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
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 5a data that has the data
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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data that is written in it. In step S13, based on the data in header H11 it is decided
whether the data of data part D11 is data that is to be stored in memory unit 53. In the
present case, it is written in header H11 that the data of data part D11 is data that is to
be stored in memory unit 53, so in step S13 it is decided that the data of data part D11 is
5  data that is to be stored in memory unit 53, and it proceeds to step S14,
With regard to the data which, it is decided in step S13, is data that is to be
stored in memory unit 53, in some cases expanded data has already been stored in
memory unit 53 in the processing of step S15, which is referred to below. Therefore in
step S14 it is decided whether, in the present case, the expanded data d11 of data part
10 D11 has been stored in memory unit 53. This decision is made using a unique number
assigned to data part D11.
That is, a number unique to each of the data parts D11 through D15 is written
into each header H11 through H15. And in step S15, which is referred to below, this
number unique to the data part is also stored when the expanded data is stored in
15 memory unit 53. Therefore the processing done in step S14 is processing in which it is
decided whether memory unit 53 contains data having the same number as the number
unique to the data part written in the header of the data part read by arithmetic
processing unit 51.
If, as a result, it is decided that expanded data d11 has not been stored in
20  memory unit 53, it proceeds to step S15. In step S15, arithmetic processing unit 51
transfers the data of data part 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 stép S16. The expanded

data d11 that is transferred to multiplexer 9 is transferred to and played on speaker 50.
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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 Andin 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, it 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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there is a request to play this effect sound, the stored data can immediately be played by
speaker 50. By processing and generating tones from the rest of the tone data while this
stored data is being played, the delay from when a request is made to play a specified
5  one effect sound until it is played can be kept short enough so that it is not noticed by
the user.
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  isread 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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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 $36, 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 ekpandcd 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, s0 a

15  description of it is omitted.

In the embodiment described above, when arithmetic processing unit 51 reads
data from compressed data unit Sa (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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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 processihg 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 I'whcther 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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1. A tone generation device comprising;

5 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,

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

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

2. A tone generation method comprising:

15 _ a reading step that reads tone data consisting of 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,

20 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
25  processing including;
a reading step that reads tone data consisting of first data that either is not

compressed or is compressed by a first compression method whose time required for
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a first output step that as necessary expands said first data among the data read

5 by said reading means and outputs it, and

a second output step that expands and outputs 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 |
10  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.

5. A tone generation device comprising:
15 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
- €xpansion means,
20 second memory means for storing the tone data expanded by said expansion
means in accordance with the decision result of said decision means, and
output means that selects and outputs the output obtained with said second

memory means or the output obtained with said expansion means.

25 6. A tone generation method comprising:

a first memory step for storing compressed tone data,
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a decision step that decides whether to store said tone data expanded in said
expansion step,
5 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.

10 7. Adistribution medium comprising a computer-readable program that executes
processing including:
a first memory step for storing compressed tone data,
an expansion step that expands said compressed tone data read in said first
memory step,
15 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 obtained in said second

20  memory step or the output obtained in said expansion step.



