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BACKGROUND OF THE | FION 1. Field*of 'the Invention The pr esent |[}v[gmllym
| )

relates toalo ing and decodi ng system and nore partic

to a | ossless eﬁ@ﬁ@ﬂfﬂé@@ﬁ@@@ecodi ng systemincluding a | ossless encodi ng
apparatus, and a odi ng appgrla_t us in which encoded data can be
decoded on a real-tine basis. 2. Description of the Related Art In general,
a digital audio signal is obtained froman anal og audi o signal by neans of

a pul se code nodul ati on_net ho in order to represent audio information

d,
with the nunber of chah@SSEESSHENGORING ANILDECQRING SEHEMng frequency
accor g VDaudi o standards. However, since a digital audio signal
i ncl uﬁwm,mﬂmmmmm y data, it is required to use | ossless conpression
encodi ng mgflgsods, in order to i ove shorten a recording tinme of a digital
audi o signal wth respect tRAGKLROLND (B Thiky INVENIAONOVD) and i nprove a
bitrate. A representative exanple of |ossless conpression encodi ng net hods
i s the Huf f mah Keldidfghedswemsion i n whi ch i nput data having a higher frequency
of occurrence is assigned with a relatively shorter |ength of codeword and
i nput dat a haVh&gresentaneention edatesoye lossless neadingoand; deceding gystam,aing pnage
relatively |onger length of codeword. In the case that a digital audio
si gnal i sparbedadydip\a faselipiseensedingyand Hieceding srsters da¢lndinger loseless ancodingor e
efficiently coded than the case that only a |inear pulse code nodul ation
(PCM) et ¥paratus andealosplpssrigpeding appasetug it whichj enceded dlafacanphe degededioad i nput
data has predictable properties. The predictor determ nes prediction data
cor r espon§Rhtime basigw | nput data using previous input data, and then uses a
"method for conpressing a difference between the prediction data and the new
i nput data. |# tRescEpenphthe Related Artor edictor is additionally used in the
30J UIl 2003 -2 above-described | gssl ess_conpression unit, an encodi ng
ef fici ency wi MhEsEEicRdigital audin signal a3 .obtained fom ancanalageaudin sigeal DY PRARE ed.
When t he above-descyri be(gﬂcpnventi Qnal | ossl ess encodjng pethod is used, a
bitrate off #Helsencadadnodpiation; methed; uyorisr & asmigieRbaydie Tpognakonowith Hﬁe
property and random of input datga, although a hitrate of the inp ata is
const ant .n%dbfé',ol}é’ ﬂﬁ’é{scgﬁ\}‘é‘ﬂ"cbiebﬂg"“sl PdA lipg eﬂ&%@ﬁ%é‘“ﬂéﬁﬁ!“ﬁvﬁ' very
| arge capacj.ty of huffers, in.the case of.data .conpressi.on, and -
docompr ocaid wapdard JfeyevetindEr EREEHEI HeBuREA SARPHPES fetes tds | o
addition,_alth h a, buyffer capacity is increased in order to splve the
above pr ofHENES 10t lapsless compBtIRg Sepdipe MsifigRe n order'to improve Shorteh a

recording time of a digital audio signal with respect to a digital versatile disc (DVD) and

DI
[)

improve a bitrate,

A representative example of lossless compression encoding methods is the
Huffman coding method, in which input data having a higher frequency of occurrence is
assigned with a relatively shorter length of codeword and input data having a lower
frequency of occurrence is assigned with a relatively longer length of codeword. In the
case that a digital audio signal is losslessly compressed by the Huffman coding method, it
is more efficiently coded than the case that only a linear pulse code modulation (PCM)
method is used.

Meanwhile, a predictor is used in the case that input data has predictable properties.
The predictor determines prediction data corresponding to new input data using previous
input data, and then uses a method for compressing a difference between the prediction

data and the new input data. In the case that such a predictor is additionally used in the



To solve the above problens, it is an object of the present invention to
provide a | ossl ess encodi ng apparatus for encoding data on a real-tinJU 003
basis. It is another object of the present invention to provide a Iosslegg
decodi ng apparatus for decoding encoded data on a real-tine basis. It is
still another object of the present inyention to provide a |ossless

encodi ng and decodi ng system havi ng a-Bdssl ess encodi ng apparatus and a

| ossl ess decodi ng apparatus in which encoded data can be decoded on a

real -time basis. To acconplish one object of the present invention, there

i's provi dedygyt.QsshiBed |RNEQN MrRRRA il in SRS MBren@ whtAREpeQUb faffitaf OF

storing input audio data; a | ossless conpression unit fior |osslessly

conpr essi orlalﬁ;}pggﬁgpgaﬁ{g@ﬁﬂm}gnmg@_stored in the input buffer in units of
predeterm ned data and outputting the encoded data in sequence; an out put

buffer for storgnihealRNeIadive Soveiabmal MR erlcb@ifip ihthddds SE&E 3 bitrate
conpression unit; and a bitrate controller for dividing plurality of the

encoded audimndaidded Qigss aHddReoidinpUb thiddefle dMEOplopERy astPiafddid o Rihud

data amount exceedi ng the maxi num bitrate and second data having a data

amount | essddd)ahbtih ABitkdte!OF Blel inptedardlis\dotlbBk. ¢ MRud, sirkk cdAvehtiondQodstss d
data bei ng the encoded audi o data having a data anount of the nmaxi num

bitrate  3cdfdink Heﬁaoap%uiré‘@@ebo}hrréégcé[ﬂ)rﬁéiﬁ' SEbuTErd, B 1RNGRI 8L sl amplesiibe

portion exceeding over the maxi'munt bifrat'e, and controlling the out put

buffer so that adddgptaasiohhitdatdrical Qb lepbddedér 4846 AMR ihi E-MHEN IhhRidRemond
data is output. To acconplish another object of the present invention,

‘there is al gthoRpRYiWiEfr apLR{S |18 fcrélRedTH BideARPIH thie ARV Hrdbids, a dBlay Mput
buffer for storing infut data in its input sequence; a |ossless restorer
for | ossl esédcydingstiDrémginsgat a out put fromthe input buffer and generating
audi o data; a buffer controller for controlling 'the input buffer in a
manner that first data having no identification information anong the data
stored in the input buffer is supplied to the |ossless restorer and second
data having identification i SUMMSRYOETHE INVENTION hi rd data havi ng
identification information is supplied to the | ossless restorer, wherein
the first data fMasolvedhs abavroptobletny, infis aobjectesfithe pedstti ineshtiby td peslidess
encodi ng audi o data of a predeterm ned data unit does not exceed a naxi mum
bitrate, ankbstiéss esemiimglappatansafod efidoding ddttem ealstime bass f ourt h data by
which a result obtained by | ossless encoding audi o data of a correspondi ng
predet er mi ned ditinanathdr objectefithe presentanvention tvi provide a lessktssvirepding appratyecond
data is encoded audi o data having a data amount of the maximumbitrate
among t he ffonde¢pding encaded dateeon hrealiticethasis.s encoded audi o data of the
portion exceeding the maximumbitrate anong the fourth data; and an out put
buffer for st orltigstlhanethermhieat of theuptessntiaventiparie paavide @ tosslass dnseding gnd
restorer. To acconplish the other object of the present invention, there is
al so provi déesodingsystemshavingon isplgssangodiog appamjus gust @ nsslessriecading apparefys| ess
encodi ng apparatus and_a | oss| ess decodi ng apparatus, wherein the | ossless
encodi ng apPavhich §ncodagdata an bydecoded on praal-timgbees. for storing i nput audio
data; a |ossless conpression unit for |osslessly ,conEr essi on-encodi ng the
audi o data st or 4@ 3cROPRlishy pRes pbjeqlrpk theypresent inyentien. dheye iy maended ﬁilﬂﬁgesﬂat a
and outputting . the encoded dafa in sequence; .a first, output buffer for
storing t hee%%éwpa@aﬁocoamr&%@ﬁa@pm Tofet fr sowa pwt wfmdé@'s s ¢ :
and a bitrate controller for dividing pluralify Qf the encoded audi ¢ data
stored in t FRIMDGEIRR WHLfardpssiesly QOPIPEesSign eACIiNg ﬁkj %egwa&aa SO 18% &8l ng
t he maxi rruantitr_ate_an second,datg having a ., 3.0 J Ul 2003 -4

uffer in units of predetermined data and outputting the encoded data in sequence; an

output buffer for storing the encoded audio data output from the lossless compression
unit; and a bitrate controller for dividing plurality of the encoded audio data stored in the
output buffer into first data having a data amount exceeding the maximum bitrate and
second data having a data amount less than the maximum bitrate, dividing the first data

into third data being the encoded audio data having a data amount of the maximum bitrate



data anount |ess than the maxi mumbitrate, dividing the first data into
third data being the encoded audio data having a data ampunt of the FgXiyrgn3
bitrate and fourth data being the encoded data of the portion exceeding
over the maxi num bitrate, and controlling the first output buffer so that
the fourth data is output at the sane tjnme when the second data is output,
and wherein the | ossl ess decoding appé@étus conprises: a second input
buffer for storing infut data in its input sequence; a | ossless restorer
for losslessly restoring data output fromthe second i nput buffer and
gener at i ngnfnurth data beingithg gneasied datarof dhe portigrogxceesding oYer thegmeximugebital, i nput
buffer in a manner that first data having no identification infornmation
among t he aBheentelling thej quipui duffer sthat e foubufetars patpyiuaghe same Bmeryghen

| ossl ess restorer and second data having identification information

conbi ned Hhersecans dadp i uEPUbavi ng i dentification information is supplied to
the | ossless restorer, wherein the first data has_ a data anmpunt by which a
result obtai nd@ #sFomplish @nethemebiestraf thadiresentinyentions there delserirneidediat a
unit does not exceed a maxi mum bitrate, and the second data and third data
const i t ut éesslesdecadingappasptugispmprising capuinputdniier fercstoning ivfu datasindisdaplitng
audi o data of a carresponding predeterm ned data unit exceeds the maxi mum
bitrate, &efvengespdosslesheesaerdptlostessly rgsterinpdata outpyt Homahe inpa, bulderandat a
amount of the paxi numbitrate anmong the fourth data and the third data is
encoded a@enesatingtaudiss datgea bydfer icontraller fasrongoling thesinpwiaffer in amanegrdhd t he
fourth data; and a second output buffer for storing and outputting audio
“dat a geneffiatt dataihavingenq idendificgtion ndermation ampnthersatGrored ithedrput EERAW NGS
The objects and ot her advantages of _.the present invention will|l becone nore
appar ent BYPR4Ed cto Biendpsslgssaassigrer end sseqndc fatachaving) idsntifisationn infermation
present inveption wth ference to {he acconmpanyi ng draw ngs, in which:
Fig. 1 i o Campingg i é@féﬁ?tgﬂmnﬂgldanfggg%é%{c@n@m 95“3&5%5{] i the' loslessq ng
to a preferred i i

enbodi nent of the present inventiqn; Fig. 2.is a
concept i oFfEforeH é‘%gf%‘? @éﬂ%ﬁﬂ? E‘QS g Mata Asaunt igl’)h"' ‘3‘ ¢ ﬁ@“giqbf'%’ieé‘ BokeHiEs! er
output 1 GRROLINE HIA2 B f PrsRetcred Gais P doss Mok FRGeA § MaKimum PIEAEAd
di agr am show n | ossl ess decodi ng. a ratus cqrre ndi ng.tq the, | ossl ess
encgdi ng gﬁpsa"tcg’?‘ilga@f aflqe Bm_xrdlgatb@? @%P%EE@?WH W?BE‘?‘T‘P-IEB hE‘gﬁﬁP&q} y

EMBODI MENT Pr ef d enbodi t f the p ' ti LIl be d i bed
wi th rof cREHES FH°0NE SLOABGNS: AGOBFSPRGE PFIFIEH GRaE SR G tho

f | f or h i I Fig. .1 show
PR R N A X ST R
present | ISR A hABY b Slaehh P08 Shucholh el Ao, Sieh st o
compress! aold dauhf o BSR0T AESHEAS 61 bl BO Pt EDSR vl
dat i . i . i ] dat it. |
ot suppllad o Eibb G SRNRPLIGS odd hiG25 , BLRAGLELRY dots um L I
predet er m ned 1daja MPiiEh H%"cﬁ{?er difject '8¢ 1Ry Eé?% ihﬂe\éﬁgﬁ,'tﬂ&e ik AR 293%%9&%
conpressi on uni t 1% OSS‘ essly C(!)ITDI’ esse an encodes aUdI (0] 8 ta y neans

of a Iosshcﬁaassga{aggﬁg% meeaaﬂgk%ecﬁggﬁﬂ?agﬁaglo?ﬁese ABOding BpYMRarkil b dran

encodi ng mnet hod. e audi o dat ossless ¢ ression unit 13

i's input jQqRg @é&beﬁgh@agﬁ%,t Erﬁglh&equ&m& ehwdﬁ,g]aapiraimﬁﬁ%%%& 4 Ryt

encoded audi o dat a. u fer 15 stores € ‘encode 10 data in

such a patdy {'Buifﬂéﬁtg%xt F@gﬁgﬁﬂgﬁdami tadaf i’og?lg§sr @&H@?Eﬁi&g uhgi f3r npqfamf rame

can be di stinguis encoded audi ata corresponding to t ot her

frames. Ac&hﬁfe%@rr-@ﬁ)&tdflg i a&iiosbﬂﬁeﬁoﬁd”ﬁ%?tﬁwrﬁrﬁi thmﬁ %\er&e{nrﬁugﬁﬁ dJrased
on a bitrate resulting fromlosslessly encoding the ol e audi o data
corr espo”ﬁ&é&&ehﬂir{é& d%ﬁqe &F@?&% ti@%n&!d@:ﬂﬂh‘% iﬁ?(%{iﬂéé; Mirdt ot R Hu@es fdrhe

ch a manner au

out put buffer 15 1n su that the enco io data stored in the

out put  butfoh itfe OHBEA afidio O8N frith Hh@TdRs MY SinfrSssRAURit; and a bitrate

controller for dividing plurality of the encoded andio data stored in the output buffer into

first data having a data amount exceeding the maximum bitrate and second data having a



3 0 JUL 2003 -6~ to or less than the maxinumbitrate. Referring to Fig. 2,
the operation of the bitrate controller 17 wll be described bel ow ?D%ULJWJ
bitrate controller 17 divides a plurality of the encoded audi o data store
in the output buffer 15 into first data having a data anpbunt exceeding the
maxi num bi.trate and second data having,a data anount not exceeding the

maxi mum bitrate. By the above division, for exanple, the encoded audi o data
of the franmes of frame nunbers 6, 7 and 10 shown in Fig. 2 is defined as
first data. The bitrate controller 17 divides respective first data into
third dat éethamayntlpss thar Beaeexamumdiiaate.dividingdbe Brshdata i dads beipgthgaxi num
bitrate and fourth data being the encoded audi o data of the portion

exceedi ngehcRdedrandimdatahaving & datypenauglief; the duaximpe bilsagand Jourth datp heing
portions in Fig. 2. The bitrate controller 17 adds identification

i nf or mat i Be epgodedidat efithefpomtianrexgeedingener thremeximuin birae, end eenspdiing g t o
the fourth data can be distinguished fromdata of the other frame, to the
fourth dafizst awgut bffertsorthatdhe g’%‘brdﬁtﬂslp@ﬁmuhgt the sametimguvhen thasecondHata, t he
bitrate controller 17 controls the output buffer 15 in such a manner that

t he fourtls awpw, and whessin therlosslash decndinguappeiatyscgompmises: at geonshimput bufter as

that of the second data of the other frame. In this enbodi nent of the
present ifovétoringrin[ut datagn s dpput seanenes; adesshess restosertfer lsylesshy restorpg fatane
tenporally preceding the frame of the fourth data, and controls the_output
buf fer 150%tputsfiem thergaend inpuhbuffercandoganerating tadiosdaiait ) buffer camyollerafes ti me
as that of the second data of the selected frane. In this case, .the bitrate
cont r ol | efontrplling thetsecendyinpub bptley inrsmmanner hatglsst datawyingheo fdsntifieptignt a
based on the bitrate corresponding to a predetern ned nunber of franes

pr ecedi nginfermatipn pmang the dargyigred, iy thesecond inputobites i sunphied & ther lopsless ¢ he
bitrate controller 17, the qutput, buffer 15 outputs the secaond data, both
the secortfSiar #75li69ondadata haying identification; SpBTPARON,EOPRIE Gfitha 1S dith ar n,

oot SRRICAEE S, B SERSELLNS (LAAIE ok IS, STESURY gL, fta, syl e
RTREREIGT SEC LML T ST AR AR 30
FERLRI I RY RS A RO MY 0 T R
i it. 13 h d i h he f h ded

SR RENE PR N I N e R
4 | bl ack _di . how l. d di . .at f {
o PSR BB, B TAEE R DA b8, O
A e L R L S T

[ j: b
cont ol she Suso ki WFuP e WSl bt BESE koo bR L

of e DU E AL Slotus! ASASHI LY Sdha MR it e g0

restorer change, an ata is‘co W he third

data and i ; ' fourth data, based on

identifi c%qlﬁgfﬁhé%?cgrg%%%ﬁaéﬁggwgg%hégg{ﬁb?% data and the fourth data. The
conbined first data is output to the | ossless restorer 45. Here, the buffer
controller 43 determ nes the sequence of the first data and the second data
both output to the | osHeHsSt HES AN OF zMngggond data and the
third data. Thus, in the caSe a e Second data precedes the third data

among the dat f}'thob:i{Ilzgs Bha gcftﬁ@raﬁﬂdaﬂﬁgés bP tﬁ@?a g@:ﬂuﬁavprﬂf]ofne(vilf'%ec%rﬂ@ m&eond

data is output to | ossl ess restorer 45 then the first data

correspongli , ahir: i t : . As a
osult o TpAkek By BB ) RN And SrisHB ind Pelaftns OR8¢ BRSoT REIPLEL MR,
restorer r%?tiréﬁ’cettﬁ%e 5&8"‘%3‘2’?4‘%@&5‘;& }ﬁlr\ﬂ{icﬁl.5 can restore data w thout any

del ay. The |l ossl ess rest orms a reverse process of a signal

Processing 1 Neda AR LEACHEELACHIARD b SISO TR Albatihd acdrdifly § 887 1 0

restore audi o data, and outp e restore a to an output buffer

47. The o 0 data supplied fromthe | ossless
restorer %%3%%’???@%@@?%&@?“% |hb data to a foll ow ng device (not
shown). Sincergid 4 . . ar bolats F el rdontrb¥fdr t he
above | ossl essF;gtér?c%daﬁ%ﬁé%pmé’ragtgﬁ%?\g"%@’@b@&éﬁygs}ﬁgggm e@g‘gi na appar at us
can be enployed in the | ossless encodi ng and decodi ng system al t hough it
has not been shown in the drawi ng and 3 0 JUu 20D3




described in the specification, the detailed description thereof will not
be omtted. As described above, the | ossless encodi ng and decodi ng iysj em
i.ncluding the | ossl ess encodi ng apparatus and the | ossl ess decodi ng 0" JUL 72003
apparatus controls the bitrate of the encoded audi o data so that the
encoded audi o data can be decoded on a_real -tine basis. Thus, the present
i nvention can be used in a real-tinme syStemwith limted bitrate as in a
di sc pl ayback device or a comruni cati ons channel . 30JUI 2003 Wat is
clained is: 1. A lossless encoding apparatus conprising: an input buffer
for storishgwnipdig.dudi o data; a | ossless conpression unit for |osslessly
conpression encoding the audio data stored in the input buffer in units of
pr edet er ni nedFigad shewmsithestrpeture of g hitsiseasneweidfren the quipu dyffenshewndn Figut put
buffer for storing the encoded audio data output fi omthe | ossless
conpr essi brandni t; and

Fig. 4 is a block diagram showing a lossless decoding apparatus corresponding to

the lossless encoding apparatus of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described with reference to
the accompanying drawings, in which elements having the same reference numerals
perform the same functions.

In Fig. 1 showing a lossless encoding apparatus according to a preferred
embodiment of the present invention, an input buffer 11 stores digital audio data input
from an external source and supplies the stored audio data to a lossless compression unit
13 in the same sequence as its input sequence. The lossless compression unit 13
losslessly compresses and encodes the audio data supplied from the input buffer 11 in
each predetermined data unit. In this embodiment of the present invention, for example,
a frame is used as a predetermined data unit. Also, in the present invention, the lossless
compression unit 13 Josslessly compresses and encodes audio data by means of a lossless
compression encoding method such as a well-known Huffman encoding method. The
audio data encoded by the lossless compression unit 13 is input to an output buffer 15.
The output buffer 15 stores the input encoded audio data. The output buffer 15 stores
the encoded audio data in such a pattern that the encoded audio data corresponding to a
random frame can be distinguished from the encoded audio data corresponding to the
other frames. A bitrate controller 17 stores a maximum bitrate determined based on a
bitrate resulting from losslessly encoding the whole audio data corresponding to an audio
track. The bitrate controller 17 controls the output buffer 15 in such a manner that the

encoded audio data stored in the output buffer is output at an output bitrate which is equal



a bitrate controller for dividing plurality of the encoded audi o data
stored in the output buffer into first data having a data anount ex%ﬁgjilij nﬂ]
the maxi num bitrate and second data having a data anmount |ess than t L 2003
maxi mum bitrate, dividing the first data into third data being the encoded
audi o data having a data anmount of the _maxinumbitrate and fourth data
bei ng the encoded data of the portion'gx“ceedi ng over the nmaxi mumbitrate,
and controlling the output buffer so that the fourth data is output at the
sane tine when the second data is output. 2. The |ossless encoding
appar at ustoarrdessdhangthe smaximumbitratsher ei n sai d out put buffer sequentially
outputs the data stored by said bitrate controller at the output bitrate
whi ch i s equaRefesring to d8g 2,htha apiertionxifrthenbitrate zoptroller Mhwill dbs deesribed
encodi ng apparatus according to claiml, wherein said bitrate controller
adds the badowt hTHabitrate conteller dhwividest hplusdity nfithd enaodedenditi dega storedfinane of
the fourth data. 30J UIl 2003 -10 4. The | ossl ess encodi ng appar at us
accor di ngthe@utpuaibuffer 1 Svirde dirst deta hvirig a date avonntrexicketing thetmalimusiahittatout put
buffer in such a manner that the second data, both the second and fourth
data, or aikesachnd dattahaviema deta eopott notrexchedingithe meyumme ditate.t h&y thy whi ch
the encoded audio data is supplied fromsaid | ossl ess conpression unit. 5.
The | oss| dxyedinisidhnigr sppnplas the enensled didig data of|the frames ohframe numberd 6bift r at e
controll er adds sane identification information to the third data and the
fourth daaral d¢6rshewpoindFigy 2 ds tdefinedhias dirstadata. 6TheThgrdte sontealier elvc dividey
apparatus according to claim5, wherein said identification information is
a frame niespestive first dataciptal third ddtacheingitye apeaded audio clataphravirignaydata ampwns of
buffer for storing infut data in its input sequence; a | ossless restorer
for | ossldesmpximamn dritralg anwk fouri gate Beingnthdgn¢adpditaudicf data efthegpertiont i ng
audi o dat a;

exceeding the maximum bitrate. The fourth data is shown as hatching portions in Fig. 2.

The bitrate controller 17 adds identification information by which the fourth data and the
third data corresponding to the fourth data can be distinguished from data of the other
frame, to the fourth data and the third data corresponding to the fourth data. Then, the
bitrate controller 17 controls the output buffer 15 in such a manner that the fourth data is
output from the output buffer 15 at the same time as that of the second data of the other
frame. In this embodiment of the present invention, the bitrate controller 17 selects a
particular frame temporally preceding the frame of the fourth data, and controls the output
buffer 15 in such a manner that the fourth data is output at the same time as that of the
second data of the selected frame. In this case, the bitrate controller 17 selects a
preceding frame in order to add the fourth data based on the bitrate corresponding to a
predetermined number of frames preceding the frame of the fourth data. In response to
the control of the bitrate controller 17, the output buffer 15 outputs the second data, both
the second and fourth data, or the third data in the form of a bitstream, in correspondence
to a respective frame of the encoded audio data supplied from the lossless compression
unit 13.  Thus, in the case of the frames having the numbers shown in Fig. 2, the output
buffer 15 outputs the bitstream as shown in Fig. 3. In Fig. 3, the frames which are not

hatched are frames output from the output buffer 15 in the same sequence as that input to



a buffer controller for controlling the input buffer in a manner that first
data having no identification information anong the data stored in ta{kf

i nput buffer is supplied to the |ossless restorer and second data h P%L 2003
identification information conbined with third data having identification
information is supplied to the | ossl ess, restorer, wherein the first data

has a data anount by which a result obtained by | ossless encodi ng audio
data of a predeterm ned data unit does not exceed a maxi numbitrate, and

the_secong s I8 itk doRRR LR BHOS u ke BN S5

obt ai ned by | 'eSs” enco espondi ng ‘pr edet’er m ned

encaded alfh Bon i SAER T THEspichd B A SARE GBI pREERAE SODAS e

fourth datﬁ% %nd the third data is encoded audio data of the portion
exceedi ng & maxi mum bitrate anong the fourth data; and an output buffer
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ﬁ;v} Ee gncodégdoeauﬂgl ohgafig sg?ogg’g‘hleﬁ ‘{‘tg gdtﬂlufr b]u%?eesr ﬂﬂ or4f I'rst dga gvi A
dat a amoude el uREE EGHoMl: h iSRRI Bl i iy Wi REOBE b A3V 10

thi rd dat Subishiohdibe S0F AR YA SUmBAY N BBl GPURL Rl D Bam1 UM

bitrate an he "encode ata e portion exceedi ng

over the 'E%és?gﬂaihk b6 %ﬁeefoumddﬁgm%eﬂa' o) Pnfif gkb {iﬁ&mﬂwm&dgajw ffe Mffat hat

the fourth data s output at t é sanme ti1ne e secon ata I's output,
and wher eigha Salidnt ?&ﬁ*}?&ﬁgde}fﬁ’@'h&ﬂbiﬂpd’ﬁfs@td% iS QUL RPfhe 18ssHRE RtbréNPIL
buffer for storing Infut data 1n 1ts I nput sequence; a |l ossless restorer

for 1 osslepsd ¥he SafEr l‘d?ﬂroﬂ@xt ?3 QefeRHined 'il*flrgeh c& ¢ fitsRefa AMdithekednd
a buf er ‘o I

generating audi o dat a; er control r controlling the second i nput

buffer i ndga B 8hphl&Rf thei158iesd #soriady Bled On tHCcbhd 8&th1aA8 theThrdN@itd. on
anong the data stored in the second input buffer is supplied to the

| ossl ess TR, Ghothe 2ASk SRE AN sctdh@ damVprecedes Y tHirddCadth @honBftRE Rl GMihe
conbined with third data having identification information is supplied to

the | ossl aR&reaafingieto, thaiipuebifférng, fhe'stéondatat ib@ﬁtfp@t ftatha |@RRsE Yestber ubi ch a
result obtained by | ossless encoding audi o data of a predeterm ned data

uni t doesandiheAxhefifht dataRyiredponbing o dHe@hird@ala iPNGutpRQo ik Idadiéss adtbréMds.d dat a
constitutes fourth data by which a result obtained by | ossless encodi ng

audi o dat Asafresulg derigpduteny] pircuppipthe Neéd datado thel 1bssiss A bser4liaonirti mum
bitrate, and wherein the second data is encoded audi o data having a data

amount of tHelessiax rastoretd 3 dantrestare@ag witlbuf ajrddlaydat a and the third data is
encoded audi o data of the portion exceeding the maxi numbitrate anong the

fourth data; dhd lasskssoestorontd perfomid ereverse Fdauss 0f) aasighal poocBssitd in2he3 - ~z
outputting audi o data generated in the | ossless restorer.
A LA AGabaEieAlesénibed, lodsess ASmprisiiyn Addt .13, in Sider 8 restore audio data, and outputs
the restored audio data to an output buffer 47. The output buffer 47 stores the audio data
supplied from the lossless restorer 45 and supplies the stored audio data to a following
device (not shown).
Since it is apparent 10 those who are skilled in the art that the above lossless

encoding apparatus and the above lossless decoding apparatus can be employed in the

lossless encoding and decoding system although it has not been shown in the drawing and
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o)) Lo A B BB i P S g (-
c#10% & () - ( As*deScribedZabove, the lossless encoding and decoding system including the

lossless encoding apparatus and the lossless decoding apparatus controls the bitrate of the
encoded audio data so that the encoded audio data can be decoded on a real-time basis.
Thus, the present invention can be used in a real-time system with limited bitrate as in a

disc playback device or a communications channel.
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What is claimed is:

1. A lossless encoding apparatus comprising:

an input buffer for storing input audio data;

a lossless compression unit for losslessly compression encoding the audio data
stored in the input buffer in units of predetermined data and outputting the encoded data
in sequence;

an output buffer for storing the encoded audio data output from the lossless
compression unit; and

a bitrate controller for dividing plurality of the encoded audio data stored in the
output buffer into first data having a data amount exceeding the maximum bitrate and
second data having a data amount less than the maximum bitrate, dividing the first data
into third data being the encoded audio data having a data amount of the maximum bitrate
and fourth data being the encoded data of the portion exceeding over the maximum bitrate,
and controlling the output buffer so that the fourth data is output at the same time when
the second data is output.

2. The lossless encoding apparatus according to claim 1, wherein said output
buffer sequentially outputs the data stored by said bitrate controller at the output bitrate
which is equal to or less than the maximum bitrate.

3. The lossless encoding apparatus according to claim 1, wherein said bitrate
controller adds the fourth data to the frame of the second data preceding the frame of the

fourth data.
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controller controls said output buffer in such a manner that the second data, both the
second and fourth data, or the third data can be output in the same sequence as that by
which the encoded audio data is supplied from said lossless compression unit.

5. The lossless encoding apparatus according to claim 1, wherein said bitrate
controller adds same identification information to the third data and the fourth data
corresponding to the third data.

6. The lossless encoding apparatus according to claim 5, wherein said
identification information is a frame number.

7. A lossless decoding apparatus comprising:

an input buffer for storing in[ut data in its input sequence;

a lossless restorer for losslessly restoring data output from the input buffer and

generating audio data;

a buffer controller for controlling the input buffer in a manner that first data having
no identification information among the data stored in the input buffer is supplied to the
lossless restorer and second data having identification information combined with third
data having identification information is supplied to the lossless restorer, wherein the first
data has a data amount by which a result obtained by lossless encoding audio data of a
predetermined data unit does not exceed a maximum bitrate, and the second data and third
data constitutes fourth data by which a result obtained by lossless encoding audio data of
a corresponding predetermined data unit exceeds the maximum bitrate, and wherein the
second data is encoded audio data having a data amount of the maximum bitrate among
the fourth data and the third data is encoded audio data of the portion exceeding the
maximum bitrate among the fourth data; and

an output buffer for storing and outputting audio data generated in the lossless
restorer.

8. A lossless encoding and decoding system comprising:
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a lossless encoding apparatus; and

a lossless decoding apparatus,

wherein said lossless encoding apparatus comprises: a first input buffer for storing
input audio data; a lossless compression unit for losslessly compression-encoding the
audio data stored in the first input buffer in units of predetermined data and outputting the
encoded data in sequence; a first output buffer for storing the encoded audio data output
from the lossless compression unit; and a bitrate controller for dividing plurality of the
encoded audio data stored in the output buffer into first data having a data amount
exceeding the maximum bitrate and second data having a data amount less than the
maximum bitrate, dividing the first data into third data being the encoded audio data
having a data amount of the maximum bitrate and fourth data being the encoded data of
the portion exceeding over the maximum bitrate, and controlling the first output buffer so
that the fourth data is output at the same time when the second data is output, and

wherein said lossless decoding apparatus comprises: a second input buffer for
storing infut data in its input sequence; a lossless restorer for losslessly restoring data
output from the second input buffer and generating audio data; a buffer controller for
controlling the second input buffer in a manner that first data having no identification
information among the data stored in the second input buffer is supplied to the lossless
restorer and second data having identification information combined with third data
having identification information is supplied to the lossless restorer, wherein the first data
has a data amount by which a result obtained by lossless encoding audio data of a
predetermined data unit does not exceed a maximum bitrate, and the second data and third
data constitutes fourth data by which a result obtained by lossless encoding audio data of
a corresponding predetermined data unit exceeds the maximum bitrate, and wherein the
second data is encoded audio data having a data amount of the maximum bitrate among
the fourth data and the third data is encoded audio data of the portion exceeding the

maximum bitrate among the fourth data; and a second output buffer for storing and
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outputting audio data generated in the lossless restorer.



