; e3ej veTj ~w HI ERARCHI CAL LOSSLESS ENCODI NG AND DECODI NG METHOD,
H ERARCHI CAL LOSSLESS ENCODI NG METHOD, HI ERARCHI CAL LOSSLESS DECODI NG
* METHOD) APPARATUS AND PROGRAM THEREFOR 5 TECHNI CAL FI ELD ﬂ mm‘l
invention relates to a hierarchical |ossless encoding anc“mmmmwm m
,~technol ogy for digital signals such as of nusic data, audio dgfas or the
i ke. 10 BACKGROUND ART One process for |ossless encoding of audio signals
such as nusic signals is a hierarchical |ossless encoding process. Data

encoded by t MERARGHRIAL ROSSIESS ENCOTANCIAND PERSIDING METRRIS! [ zed I

that it includes 15 lowbit-rate non-lossless enco ierar'’chically

as part thereof. A FIBRARCHICALNEOSSYESS ENCODINGIVEIHEHCOdi ng process is
described in | EEE Signal Processing Magazine, pp. 21 - 32,  July 2001. The

conventional hi er ar EIERARCHICALCEO SSLESH DECODINGAMETHDDEChNol ogy wil |
briefly be described below with reference to Figs. 1 and 2 of the
acconpanyi ng 20 dr awi ngfRARARUSHANDEPRQGRAM THEREF®Rar chi cal | ossl ess
encodi ng apparatus and a conventional hierarchical |ossless decoding
appar atus, respectively. In the conventional hierarchical |ossless encoding
apparatus shown in Fig. 1, an igput skggal frominput termnal 100 is
supplied to lowbit-rate 2 5 end&fSINIQAL IMELBel ay conmpensator 102. The
i nput si gnal suqﬁlied tg. ow bit-rate encoder 101 is encoded thereby and is
[

out put as | ow bitl'eIEgent imieptignJelaigs 1o adieiarchicaklessiesaeneeding amnd
lowbit-ra 3. Lowhitrate decqoder 103 decodes the supplied

| owbit-r a@gccgcﬁﬁggéﬁ'ré)g?gay foﬁ\lﬁ—bg'@t' SlgRgis sycli as g E'wgdggﬁgﬁﬁﬁ'.o data, Brnput

si gnal supg|d |% to del ay conpensator 102 is delayed by a tine corresponding
to a delay caused by the lowbit-rate 5 encodi ng and decodi ng process (a

proceggj ng time required by |lowbit-rate encoder 101 and lowbit-rate
decoder 103), and thereafter output as a delayed input signal. Lossless

encoder 104 encodes a differentgACKEROMN {€h i s produced by subtracting
the lowbit-rate decoded signal fromptj?ue cPe}MaFg/ed i nput signal, according to

a | ossl ess enco@negprocese i loselgsDehduting bP aldrs3igesls SueAImdsica to out put
termnal 106. In the conventional hierarchical |ossless decodi ng apparatus

shown i n Fsignals, is ladvietsrchicak lesslase éadodiagprocess. | Dats etcydedy the0 i s
decoded into a |owbit-rate decoded signal by |lowbit-rate decoder 201.
Loss| ess ehigtarebicablogsiess encaging processis cheoactesized dothed it intlades
differential signal by |ossless 15 decoder 203. The |owbit-rate decoded
signalld s '8&’["%‘?3@&%@5&93{3@(’\@15@15 date higgawhiaadiy @stpart thereof fAr ent i al

i gnal f | ossl decoder. 203, duci i gnal that i t put
o Pocsi escovmiiEty Bt SiefarghicaliossBssencedina poooss s deroribeddn iSEE. o o

o bi 1~ r e BT BLEtoneRekREMBBAFRE b Bc 33 vub i AR Rernalienti cal to
e i o BT PEREECs 8108 i Uec I UM ooy ™
D ocess: ThE o Pe el R RIoR G Fals. i 20132 sEBGAPRRINE", . “Geccr bed
in degai | drawings@hictf SHoW B ORIBNISHATHIS akéhical lossless encoding

apparatus and a conventional hierarchical lossless decoding apparatus,

respectively. _

In the conventional hierarchical lossless encoding apparatus shown in
Fig. 1, an input signal from input terminal 100 is supplied to low-bit-rate
25  encoder 101 and delay compensator 102. The input signal supplied to low-

bit-rate encoder 101 is encoded thereby and is output as low-bit-rate

T
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2 5 Proceedings on | CASSP, pp. 1093 - 1096, Apr. 1990 for details of the
transform encodi ng and decodi ng process. The CELP encoding and 2 decodi ng
process will not be described in detail below as reference can be nade to
Proceedi ngs on | CASSP, pp. 937 - 940, Mar. 1985 for details of the CELP

, ~encodi ng and decodi ng process. The | ossl ess encodi ng and decodi ng process
wi |l not be described in detail below as reference can be made to 5 | EEE

Si gnal Processing Magazine, pp. 21 - 32, July 2001 for details of the
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decoder iniga@laymwim@na%ﬁggbaﬁdiﬁg%fa%lg\g ea68&d Bgitlﬁt??dW-%‘ﬁyr]aié‘ the

| ow-bit-rate decoder in the decodl ng apparatus are erent tTrom each

ot her. 3-or eagading@and dedodirty pRiceS8d pPdcuzemgitimé » ibh&?
(generally knownbas MPEG Z@AEZC) fo?égudi o data en?:%@%%ggrlée@use ¥eas t he

| ow- bi t - r aeacederotl ngnchiviv-Bitaatt decater d@3y, aridtreréatervitpasas Y accuracy in
the lowbit-rate decoder is allowed to be of such a level that the decoded
si gnal pr odakyediinputstignalad oasless edcoderct0oencédes 4 differantialngignali t h r espect
to a reference decoded signal. Therefore, each of 2 o the lowbit-rate
decoded si Whighsisipfodueedbby subtractingthedowsbitrate tdecoded sitinal frapptheat us nmay
possi bly havgya decoding error of t 1 at maxinumw th respect to the

r ef er ence . 8EYBAANRYIGigNal, asrerdisade a Ipssless gncedingrprocess@ndooutputs: at e

possi 01 BRBIs roopSoEREta AR rdaal OB 'S poccibia 275 that the

I I d ' . i.ved f. t I bit-rate d d si I

ot b1 dent 1 calt 115 SeRNpiE! biHaiicatiossiBee 8eaiing Bearabs MonanaN 1« 1 <
bj ect 1 KRS i | : [ I

o) ect - Plo. E0RBRSAR ohcodl 40 fin TR ErhRBELOS T ERIAGRGpS! 002

| ow bi t - I alo-BRregrAteddiclbIGNAYY IBA-RRRRE UetodBA doi "EoREREE BhcBARGCCUT ACY

! . ' 5
inalowbit-rate decoder ih acbg‘ecodl ng apparatus are SI @iger ent Trom each

ot her. Accdatd frgmtiepithterrings 202 is ayssdddinto bftﬁﬁ@reinﬁapéigﬁé Ig@s[@%@”s for
extracting corrective information froma |lowbit-rate decoded signal in a

1o hi érfar ctecader| 203 | Fiss lowbitdateodestideddsighalas oathutdo ouiu teasmaess encoded
data) a differential signal between a |owbit-rate decoded signal which has
been produ2e4, ayd sddeditotheadifferential signabiromriossiesswibtoders®@3,encoded dat a
and decoding the lowbit-rate encoded data, and an input signal. There is
al so pr ovi BEWUSINg:a §YTY gnaldhatistauiputas avpssiess repsodiseastisignal ignal  based on

£ R e b e i
dat o Accor OrRGECYel S F S itAle rfoded SEREE R B8 Rsdding aSmareriss

ow b r o Enea AR Bbotioe YEAGHR AR SRERMINGat RS can occur
2w bl t-rat o TeaHitate Eféodng B odidind prd B iy R 3PRERTBHT SThce:

the | ow bi gnéciifig BAG ekRddMdBbess of Q%%ﬂsgébag EBRR8G LinkarididiBn)

| ow-bit-rate decoded sign I'n the decoding apparatus are thus

i dentical émcatied afl tiicod S HeSHIng Insitppde
identical to the input Cgi rg@r.@éeéé’é@g%&"g@ﬁﬁ% ON rcifi—a%ﬂéje[c)!l%g\l/\v GS Fig. 1

i's a bl ockprdicegs will nbt lbe desoribed inrddtainbelow adirefetendtscarebs madge t Ng
apparatus; Fig. 2 is a block diagramof a conventional hierarchical

| ossl @Ss SPeeedings arplA38Es ppF1093 31096 aApE. d@80dordetails @f the hi er ar chi cal
| ossl ess encodi ng apparatus according to a first enbodi ment of the present
i nvent i on;trgngform ensodingl anckde¢ading pragess. hihe GELR endoding ahdss decodi ng
apparatus according to the first enbodi nent of the present invention; 1 o
Fig. 5is a flowhart of a processing sequence of corrector 207;



Fig. 6 is a block diagramof a hierarchical |ossless encodi ng apparatus
,according to a second enbodi nent of the present invention; Fig. 7 is a
bl ock di agram of a hierarchical |ossless decoding apparatus according to
t he second enbodi nent of the present invention; 15 Fig. 8 is a block

, -diagram of a hierarchical |ossless encodi ng apparatus according to a third

enbodi nent of the present invention; Fig. 9 is a block diagramof a
hi erarchi cal | ossl ess decodi ng apparatus according to the third enbodi nent

equonce cpomhEBRaessdun A5 be oot i el REAIT b BlorSn B SRRBRTI o

Embodi ment gk tbhﬁo@é@éigg_é obﬂgﬂ@séﬁgbdgdg:?dﬁmj%ﬁ 888 1bPagag o 1R oW Wi th

[
reference to the drawmn dlagf§n1of hierar chi cal
| ossl ess e i AR ' Idait i t he
present i neggﬂ ég?\b, andélfi}:fi 5’% céd;agcpa}bg?%%k-r@? ;hgsisfrgg o?rﬁr??gﬁa?@ﬂpgéﬁdiﬁgssl ess

decodi ng aprdeess Will RoBlsé iagéé:mmed i ddigil bblow a§ réfefBrite darPbe Mgddfgesent S

invention. As shown in F 3, hierarchical |ossless encoding apparatus 1

conpri $es IHEESigrel Procésshiy Magauird, bp! 81 € 32002000 desdiRyofaREPENsat or

102, lowbit-rate decoder 103, |ossless encoder 104, corrective information
5 extract olossless endddingAldidldecndimy prdomssi nal s 105, 106, 108, and recording
medi um K1. Hierarchical |ossless encoding apparatus 1 according to the
present enbodi mthe coniertiend! hiaratdiical tossiass encadingaad decedisigown in Fig. 1
in that corrective information extractor 107, output term nal 108, and
recor di ng REgREIKRroplematiclisuthasifthe lavwhitaate deeadeashgignakindhe Recor di ng 10
medi um K1 conpyr.i ses a di sk, a sem condyctor penory, or, anqQther recording
medi um anéeg@?%paaﬁ%fsam@tﬂé@nmiim loyy- @m@eo@fwlmms

hi erar.chi cal | pssl ess encqdi ng apparatus 1., Th rogramjs read by the
Conpuridt saeadiig ABparatis Wt e TRleRs TRediqunad Sasdlis Ppbihe b &S 101
delay co S, . ' iWf-ra r. I coder 104,
correcti %ﬁ%ﬁ#%&ﬁéﬁ|trﬂ¥\@g¢¢|8'§\%$°u?§§ﬂg%qy &ﬁﬁ@#ﬁé\éﬁ&%ﬁﬁ{bﬂe conputer. As
shown in Fi i e I Cég.@'o ri ses input
termnals %cgcourﬂ%)g'l ﬂfggwlgﬁtgiﬁégﬁiﬁgggo erawrg{s easrzd gecoder 203,

corrector B&Bes@iﬁﬁ%cclﬁﬁ&in%é RI-bitsratd 8ksderQr the?Becoding dpgﬁ?étﬁbng medi um

K2. Hi erarchical [lNossl ess decodi ng apparatus 2 according 2 to the present

enbodi ment ad different firopnehble otitery FurigxamplePp iitéinasiondicstandardsi 9. 2 i n that
corrector 207, input term nal 206, and recordi ng nedium K2 added to the

convertd onlBOMREar3A18s7 (Gervvally kigowe disIMPEG-200AC) foeaudialdale, a

sem conductor nenory, or another recording nmedium and stores a program for
enabl i ng aerending are used asdhe low-hil-rateenceding and| decodingpmcessdbedi ng
apparatus 2. The programis read by the conputer and controls its operation
to real i zetheRIOEPBSIPG BECHRSYdB the PW-bityaty decodesivalowed o beafstshor 6

Wil be ded e dumtins incoded SERE Biodued Reieturasse deebapomondt = 1
T i evRomeghiul i RERC e F PR Gt qedi S0 diergRhe raa o ™ ' "
| ow bidy 1 o 18GE0HRte HedBkd SiiHald #FthRS& toding apparatus and the decoding

apparatus may possibly have a decoding error of + 1 at maximum with

respect to the reference decoded signal, and hence the total error of the low-

bit-rate decoded signals in the encoding apparatus and the decoding

apparatus may possibly reach + 2 at maximum. As a result, it is possible

25 that the lossless reproduced signal derived from the low-bit-rate decoded

signal may not be identical to the input signal.



calculated by lowbit-rate decoder 103 in the sanme manner as heretofore,
.and outputs corrective information rx to output termnal 1 O8. Corrective
information rx may enpl oy a value represented by |oworder Mbits of a
sanpl ed value of a lowbit-rate decoded signal. If the absolute value of 1

.~0 maximumerrors of a lowbit-rate decoded signal in the encoding apparatus

and a lowbit-rate decoded signal in the decoding apparatus is represented
by E, then Msatisfies the following fornula: 2E + 1 < 2"~ ... (1) If the
bit width of the sanpled value of the |owbit-rate decoded signal 15 is N
bits, then 0 < M< N Though the absolute value E of maximumerrors is

preset in the present enb?j'%gtﬁ]suéﬁebﬁm N?EnﬂléﬁhE may be vari abl e

dependi ng on the anplitud e I nput signa e absolute value E is

variable, then s sredtieeicofitfib predirtfivetitionts mlRoL Ib<ad reprafasy 10 be

indicated to the decodi'ng apparatus through a transmitting ans or a 2 0

recording_signeliveribeltoarimpubbighabien Ahefi¥hé pRIASINUAIARY ! X can be

smaller as Eis smaller as can be understood fromthe™for ).

Ther ef & e, lavhbitrrateodecarertin ansricotitg @ﬁaa&@hrﬁtﬁtﬁeeﬁlmeésihg avelitaty E
vari abl e depending on the anplitude of the input signal and transmtting

cor r ect i vein afaw-bittiaterdecodenin modedoaling apparatds bie diffdrrtfidimeach E to the 2
5 decodi ng apparatus. Lowbit-rate encoded data, |ossless encoded data, and
correctiveOth®ormation rx that are output fromrespective output termnals .
105, 106, 108 of hierarchical |oss|ess encoding apparatus 1 are inputted
respecti vel y t oACRBIAING &9 Hepnesenbinvention, thew isfpravided ecmeans foross| ess

decodi ng aggﬁlr e*t us 2. ?orr,e tor 207 of hierarchical |oss|ess decoding
appar at us Artng earrectiye igiprmation from adewdtbraie glespded stanehined by

O oAb AT s S BB eRES T ot o e
corr ected it B ding Rl BGRIFRLRT (IR G BR AN SRR TS, 00507
. . A , dth
renner o5 BRI PoRtl uh RGN A0 D LR AR R e
207 oper at s oaRERhe ol ittt BHeAida e HOGHELFLREL. TR T © O

operation of correcto e desc in de ow wth reference

to a flowchsbtprovided d mebhe fobcorfscting a [vi-bitlratedéddtibd Sihnalhdsldcen at ed
-using the | oworder bit nunmber M 15 according to the follTow ng equation (2)

(step 141 ) comectve infarm@dipn\ialou losislesis reprodieedtsighdlin hitéraesisieal (N-M bits
of input value x and value xlow represented by | ow order Mbits of input
val ue x arl@sgl@ssdegodingamethasi ofdaceding:hiesarichisahtpsetpsatancoded ata (4) (st ep
A2): 20 xhigh = X g r]hlgg xlow=x &mMow ... (q,) where the synbol "&"
r epr esent sWHIGhJPrlude Iowditeate epcoded dataand lossirssrensededdatask patter ns,
d cal cul ated i t he fol | ow. ti . (5), ..

and calcutate i\%ggrrd‘?r'mgnpo {h% pregentO mvgl\!l\flgr% aeggr?eétﬁlréslngor%atlon extractor

in an encoding apparatus extracts corrective information from a low-bit-rate

20  decoded signal in view of a maximum value that can occur in a low-bit-rate

decoder, and a corrector in a decoding apparatus corrects a low-bit-rate

decoded signal based on the corrective information. Since the low-bit-rate

decoded signal in the encoding apparatus and the low-bit-rate decoded

“signal in the decoding apparatus are thus made identical to each other, the

25 lossless reproduced signal is made identical to the input signal.



(6): 25 mhigh =- n mMow=mnt - 1 .. (6) 8 Val ue Wl oe of | oworder M
bits of the lowbit-rate decoded signal output fromlowbit-rate decoder
201 and corrective information rx inputted frominput termnal 206 are
conpared with each other to check if the inequality (7) shown below is

..satisfied or not (step A3). Specifically, in step 5 A3, it is checked

whet her or not a carry occurs on the loworder (Ml )th bit of the
| ow-bit-rate decoded signal due to an error. xlowtE<rx ... If the

[ it 7) i ti | ' |t | udged t hat
carry ocours on the | oRFIETRESRAIPTIORERE Thik DRMINGS of - “and out put

I 10 i : t di t he f.oll ow ' 8 t A5) :
V= i an -t © & Bty a8 chfentions? AldtghBliaicstessoyi cal oum
for bits. @ﬁrggaiqug?tp g equation (8), the effect of the carry occurring

on the | ow order 'bit is elimnated by xhigh - nt, and the

| ow- order M bi thi%r?is%bl diég’aﬁﬁgtﬁggﬁ%'ﬂw“é@dﬁ%ﬁﬂd ical to the

| ow-bit-rate decoded signal 1n°t I Ng apparat us. € 1 nequality

(7) is mot dé@@diﬁﬁiaﬁ)a('é{(!sj n step A3), then it is checked whether the
I nequality (g) shown below is satisfied or not (step A4). Specifically) in

step A4, it is Cigckisth bloekitiigram 604 hierBfhicaleedsSertbdifly 20 | ow or der
(MtD)th bit due to an error. rx < xlow- E ... (g) If the inequality (g) is

sati sfied @pparatus aceqrdig to a fiest embodimentigkthet fretent inoenton;occurs on the
| ow-order (M+tl )th bit due to an error) and output value y is cal cul ated
according to th&ig.dt isanblegkstiagranvef @ bra(chicad losslessatecoding xhi gh + nt) ~r x
~~~(10) According to the equation (10), the effect of the borrow occurring
on 9 apparatus according to the first embodiment of the present invention;
10 Fig. 5 is a flowchart of a processing sequence of corrector 207:
Fig. 6 is a block diagram of a hierarchical lossless encoding
apparatus according to a second embodiment of the present invention;
Fig. 7 is a block diagram of a hierarchical lossless decoding
apparatus according to the second embodiment of the present invention;
15 Fig. 8 is a block diagram of a hierarchical lossless encoding
apparatus according to a third embodiment of the present invention;
Fig. 9 is a block diagram of a hierarchical lossless decoding
apparatus according to the third embodiment of the present invention; and
Fig. 10 is a flowchart of a processing sequence of corrector 208.
20
BEST MODE FOR CARRYING OQUT THE INVENTION
Embodiments of the present invention will be described in detafl
below with reference to the drawings. Fig. 3 is a block diagram of
hierarchical lossless encoding apparatus 1 according to a first embodiment
25 ofthe present invention, and Fig. 4 is a block diagram of hierarchical lossless

decoding apparatus 2 according to the first embodiment of the present



the loworder (Mtl )th bit is elimnated by xhigh + nt, and the | oworder M
*bits are set to rx, nmaking output value y identical to the lowbit-rate
decoded signal in the encoding apparatus. If the inequality (9) is not
satisfied (No in step A4), then it is judged 5 that neither carry nor
“borrow occurs on the loworder (Ml )th bit, and output value y is

cal cul ated according to the follow ng equation (11 ) (step AG6): y =

xhi gh~rx ~~~(11) According to the equation (11 ), the loworder Mbits of
t he | ow bi weatien.decoded signal are set to corrective information rx,

- making output value y 1 o identical to the lowbit-rate decoded signal in
the encodi ng apParshows indtigp3it hieedrokical lossiess ehcodiageppasatuspiut t ed t o one
of the input termpals of adder ADD2. QOperation of corrector 207 has been

descri bed SHUPESEH Ut taremiRalckOq, dowshit-rate engodrr Hlinslelayacorapansatos of t he
above corr G%I n%_tg{_o e[sd('s? W | ﬁi 15 described belowin relation to
correctloni JRBrI-Fafe docoder 203, dPseiRsS epsoderd Q4 prrectivayinformeation = 3, E =
2" "B P AU AT SRl Joo ! fof B ™ 2% 7 1)
770,15, 6, FoRR K, wiratohican sSisns Sioling Aunhie T Ao REE IS abi e

tisfy th i ' : = = 6. | =
2k L 1 PreRehfesegdndditefs rdmine Spfenidtial bBA(aTu spbpio Fidi L gecoded
si gnal i n jntAabiespsitneg iﬁfb‘?ﬁaraﬁbH%xir%ggﬂ?idﬁgpfquﬁ?%nﬁiﬂafT@B M- or der (N-M

bit value of the lowbit-rate decod he ‘eéncodi ng appar atus due

to the effrecbrdifg atediomoK1 arécadted @ €8s covertiohBFapparatd. Récoﬁﬁ@n
hi gh-order (N-M bit value xhigh needs to be 10 corrected (xhigh-nt,

xhi ghif) awedium KJ campiiseses diski, arsendicondudtbememeryi onahdPlbr rédordng
corrective information rx represents the | oworder Mbit value of the

| ow bi t - r snediseRnstistoremalprogranh boreanainting @ egmputer ve furnddionhes corr ect ed

hi gh- or der ,gl\l- I\% bit value is the 'sane as the high-order (N-M bit value
of the | owWligrarchigallogsless encedigaappanatusd . cike progranpisaeadiby, tha si gnal
which is 15 the sa as . the lowbit-rate decoded signal in the encoding

appar at us $RPWEr ABECONtOkts APerationde serlize lappbit-ratesenoedendOt odeleyt i ve
| nformat i o, A0thektor 102, low-bit-rate decoder 103, lossless encoder 104, corrective
15 information extractor 107, and adder ADD1 on the computer.

As shown in Fig. 4, hierarchical lossless decoding apparatus 2
comprises input terminals 200, 202, 206, low-bit-rate decoder 201, lossless
decoder 203, corrector 207, adder ADD2, output terminals 204, 205, and
recording medium K2. Hierarchical lossless decoding apparatus 2 according

20  to the present embodiment differs from the conventional apparatus shown in
Fig. 2 in that corrector 207, input terminal 206, and recording medium K2
added to the conventional apparatus. Recording medium K1 comprises a
disk, a semiconductor memory, or another recording medium, and stores a
program for enabling a computer to function as hierarchical lossless

25 decoding apparatus 2. The program is read by the computer and controls its

operation to realize low-bit-rate decoder 201, lossless decoder 203, corrector



the corrected high-order (NNM bit value. Accordingly, even when the
.processing accuracy in the lowbit-rate decoder in the encodi ng apparatus
and the processing accuracy in the lowbit-rate decoder in the decoding
apparatus are different fromeach other, the present correcting process 5
-makes the lowbit-rate decoded signals in the encodi ng apparatus and the
decodi ng apparatus identical to each other, thus naking the | ossless
reproduced signal identical to the input signal. Another enbodi nent of the

present inggE{%@agﬁéﬂAQB%g{iﬁﬂgﬁkow with reference to Figs. 6 and 7.

Fig. 6is a agram Ier ical 10 | ossless encodi ng apparat us

according to a ERARfrPEPeR aGbnimbOENRIA AN be dRKEAbEABeIGH Fig. 71 a

bl ock di agram of "a hierarchical |ossless codi ng apparatus according to
the second enbo@omittiveinfoiRatisreeRPdctbNYENin RidrarchRaRINS8ies8 encdaflgess
encodi ng apparatus 1 a shown in Fig. 6 differs 15 from hierarchica

| ossl ess eappariahgs hpxiastsusoriectiveforrmafioryrx B viewtdia makinmummttoragipl i ed to
corrective information extractor 107 is a delayed input signal output from
del ay conplonehitvateidecagied 108dmmdianigwatitiratendétoded signab khatdas besread of
recordi ng nmedi um K1. Recording nmedium K1 a stores a program for enabling a
conput er t 62leulaéed by lew-bitrratexdecoder 1030sdhe semenvanneyag heretpfereat us 1 a.
The programis read by the conputer and controls its operation to realize
| ow bi t =r a8Bd OHEBHE corgetiveiivfennatipnixite sutputterminabi®8 . Camestivecoder 103,

| ossl ess en?oder. 104, corrective information extractor 107, and adder ADD1
on the con{iRTEpatON X A GMPIPY pd’@@%@’ﬁ%ﬁi’ﬁ’g'ﬁﬂﬁﬂﬁf Ysbigok@own in Fi g.

¢ o oes GaBldR O Rk BEBheH SAEAP 1 BREBLH VA e ool
i S s ool e Al SR shPRUA )

instead of aﬁ@%%@'tmgrd@@e'éaaéasig?%ﬁr ﬁi&@e@@% 104 RBprdbchhagr am for

enabling a conputer to functionas hierarchi ossl ess ng appar at us
2a. The 5 py@tieen Mesdtishids ive fdiRwWIgR3thflaand controls its operation to
realize |lowbitrate decoder 201, |ossless decoder 203, corrector 207, and
adder ADD2a on RRer ¢anpiter. In hierarchical |ossl eq$) encodi ng apparatus 1
a, corrective informati on extractor 107 has it input supplied as a del ayed
i nput signal calfdbé bitexidtyofithe sérhpled vaiyeeokthedowHiRratCadecoded signal
informati on extractor 107 extracts corrective information (e.g., a value

r epr esént el§ WpitsHibendh<dd gN. Wihough the abeelute valiedE chmaxirmugnellrdrsfisom t he
del ayed inBut signal in view of a maxi mumerror that can occur in the

[ ou bi - SPCALEVIECD SPefs nbarloin T e apalda e Busanbeoegebko, and
e o cArseibes Faalul il athe il i, Slistbsummmiefie: o
decoded si gﬁiﬁ%&ﬁgﬂﬁﬁgghwm%t'?mrpoﬁ@g%ggglﬂger V%H? r%r?gsﬁﬂ@edi fferential
Siignal cal pelcaidid dasldhis sBBGRAR 17 gn UG ReRHS g f or =t on 2 0

mbodi tp t i [ hedl th
MR kR R S e e PR

| ossl ess rempaleiasE is satler askan msah@sstdrRPkOAULAE Jormh@agh ) .becomes
identical to the input signal when the |ossless reproduced signal is

corr ect ed. Thgrefdre, tecnubenbbitansmitiduasitsieanbe escuiddbby alakieg EA third
enbodi mrent of the present invention will be described in detail 13 bel ow,
Fig. 8 is \arsdhiekepgeadingrorotheramplitudbiof dhe inpas skl and adinseittipgar atus 1 b
according to a third enbodi nent of the present invention, and Fig. 9 is a
bl ock di ageeireaivetinformation ¢xhavimgstheswinteeraafibits depemdingien Ftoatheor di ng to
the third enbodi ment of the present invention. 5 Hi erarchical |ossless
encodi@ry @ apparatesolawrbit-ratg engoded data, lessieasheacedarhdata, andssl ess
encodi ng _a&g_arqii usfl shogwn i Fi@g. 3.in that it has corrector 110,

recor di ng YRR Wpﬂ%m?goﬁﬁbﬂw oiqupe it resraciivainipwderinala
corrective information extractor 109 is enployed instead of corrective

i nformati on extractor 107, and adder ADDl1 b is enployed instead 10 of adder
1. Recording nediumKl b stores a programfor enabling a conputer to
function as hierarchical |ossless encogi ng apparatus 1 b. The programis
read by the conputer and controls its Operation to realize lowbitrate
encoder 101, del ay conpensator 102, lowbit-rate decoder 103, |ossless
encoder 104, corrective information extractor 109, corrector 110, and adder
15 ADD1 b on the conmputer. Hierarchical |ossless decoding apparatus 2b
shown in Fig. 9 differs fromhierarchical |ossless decoding apparatus 2
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Corrector 110 corrects the loworder Mbits of the lowbit-rate decoded
.signal output fromlowbit-rate decoder 103 by applying a 0 nmask thereto,
and outputs the corrected lowbit-rate decoded signal. 10 Adder ADDl b
outputs a differential signal representing the difference between the

- del ayed input signal and the corrected |lowbit-rate decoded signal. The
output differential signal is encoded by | ossless encoder 104, which

out puts | ossl ess encoded data to output term nal 106. In hierarchical

| ossl ess deg®0i0E) 198G HGEScHEal 168816665 téocﬁﬂ@aggggagﬁéﬁ 2‘—%@ |ﬂ|i[$]\.ﬁ'tl Pwbit-rate

decoded si gnal cal cul ated by the -rat e sane

manner as mgspbctivily ehmpR t@émﬂﬁalg‘ﬁlﬂOSQOEaéﬁsiof’ﬁle‘iaﬂ&ﬁic%d iaggé‘sg”ec“ve

information rb, and outputs the corrected lowbit-rate ed signal. The
correct ed deveding apparmatdse@oded signal is added to a differential signal
cal cul ated by | ossl ess decoder 203 in the same nmanner as with the 2 0 above

ermbodi ment s, an@otectont207t dfchisrancisicaiiossless detoding epparatps @dswrasttsagnal to
out put term nal 205. An exanpl e of operation of corrector 208 will be
descri Bed low-biratel dasoded signal oatm&tedcbeylow -hit-fateweicader 20bimthen Fi g. 10.
As initial settings, 25 nm =2"", t1 =E-i,and 15 th=nt-E are cal cul ated
usi ng the $ATE SRAYNENAS th@ﬁﬂf@Fe asad %@TMIVWMOQM%QHB((WdBEOm Val ue

1 ow r epr doBHttEEMIRA 20 andeumutbithe arrerindioweal %eﬁd%‘ééeé&?é‘%hit e n the
T
xl ow ?23?2@%%?8%598%“%5%%} (e cieRea Siaral ahpn Ofelartil SRPBLHIPWRIRH ue 11 to

Spect 11 cal 15 0sR 8 Bechliet e HME e s e Blardls G0 iadkllo qd™o
| ow onrger 6%%#/%;%@? FAUQ% arft 6 ifrh outplut és)g Bsigss ?el;?rbgkéeé gfgn?pequal 'ty

(12) is not sat i ed n since ere 'S a posSI rry

occurs on folsuthanepmil 208t Icaréetdi o7 bbera%e§*p%9§§ﬁ'1gwsm%r|owmg@§b' t

corrective information rb is an upper [im ste 15 | f

si ngl e- bi tdesydeecsighal. i A examblerof dforation bf Cofr¥6dr 207%%%e3féscnbé&n it is
judged that a carry occurs on the |oworder (Ml )th bit, and output value

y is cal cuhatetail belowWIthgetememdmtmlﬂaWCbart(sh&)Nrﬂhﬂg $el ow (step B7).
Specifically, in step B7, the effect of the carry due to an error is

el im nat ed y xABgtﬁumtlaLsei(hmg)mmcalt':ulatetgwnguthe taw-oeder bitnumber Mat i on rb
is "0" step then it is judged that neither carry nor borrow
occur§5on @mrqila@ﬂemeifoltqwng)eqnamm (2)a6$tﬁ‘libﬁﬂbut value y is cal cul ated
according to the egﬁatl on (14) shown below (step B8). Specifically, in step
B8, a signal d by setting all the | oworder Mbits 3} t he

.l. 8}{% Ib ist ;)L?:)ﬁt ge\fllg_@%%ﬁglﬁ rr‘e%re%%ﬁt% to Fugw or% a\ltM) Bits of mput va%g gcee{ndz 01 to
value xlow represented by low-order M bits of input value x are calculated
according to the following equations (3), (4) (step A2):

20 xhigh = x & mhigh ~+(3)
xlow = x & mlow +(4)
where the symbol "&" represents a logical product for bits. mhigh and miow
are mask patterns, and calculated according to the following equations (5),
(6):
25 mhigh = - mt ~+(5)

miow = mt - 1 | *++(6)



If the answer to step B3 is Yes, then it 'is checked whether the inequality
.(15) shown below is satisfied or not (step B4). That is, it is checked

" whether or not there is a possibility that a borrow occurs on the | ow order

(M1 )th bit due to an error. 5 xlow<th ~ ~ ~ (15) If the inequality (15)
..is not satisfied, then since there is a possibility that a borrow occurs on
the loworder (Ml )th bit, it is checked whether single-bit corrective
information rb is a lower Ilimt ("0") or not (step B6). If single-bit
corrective info tionrb.is "0 hen,jt is judged that a, 1l borrow
occurs, and out uQ/é'PMVeOfylo%o'@Q} Mlbﬁ? Qﬁl@c'@?ﬁ’l’@k{ﬁ%@t@cpa@d ion (16)
shown bel o . i ficall in ste 9, .the effect of the borrow
is elim naﬁgﬁ’i&ﬁ?ﬁ@ﬁ?ﬁ?gﬁeﬁ?%‘%ﬁ@1&?@?@%&"%8%’@@6'90&i'fm tionrb
is "1 " ( g 4] I t .t het rry nor borrow
occurs onl\?ﬁg{qllngt?j\f %’E@?Q'ﬁqﬁ%ﬁ@’ﬁﬁ?@a‘k@g gﬁ&bb%&%@g&ﬁffﬁém cul at ed
accordi ng e gﬂﬁé,e@ ' dd&?,- i : ti4n ct.0L:208 has
been descri bgg abo §\F/‘\llb\'?ﬁ. re e'éf é%@le??rﬁ?@%g.A@h %@%%@6%&: anét,eaxhi gh is
cbodi mont s heo SR e or it oYX, R e v BRdbr P8 bt
| ow- bi t-rabf,%tl'féeloMBidrétbinodbﬂsﬁ faldeeadidiemsinar atus is not identical to
the high-order (N-M bit value xhigh of the corrected |owbit-rate decoded
signal in the entwdi<agparatus due to the effect .af7yan error t E
According to the Er esent correcting process, the correct.eo_l lowbit-rate 2 5
decoded si gnal slfithetimegquadity ()rig satisfiech(Ves iaratep A8) dbendt isjudgehtat as ar e
made identical to each other, thus naking the |ossless reproduced signal 17
i dentical EJTY ReCUisan the lgnaerder i+ thtit dug tran ermer, and output vallieny or nat i on
rx in the fi rslt a{% second enbodi nents, varies dependi ng on maxi mum error
E. Accdt di BPaleripied geqarding e dbe fellowing equatiom é8) GtemABE of correcti ve

i nformation rx '&s_ax at, all., tinmes 5 i ndependently of xi mumerror E, and
hence t he nunbel hf)ql'f 's"F)é'd&n red for transmtting’t corrective

B e
o occur Sotanér f8) el efdct 6 e bAATBEL Mot Irtlofois TR B 8 e -
signal, angiithiMaté@byShigH - M, ddtPthe low-order M bits are set to rx, making

15 output value y identical to the low-bit-rate decoded signal in the encoding

apparatus.

If the inequality (7) is not satisfied (No in step A3), then it is checked
whether the inequality (9) shown below is satisfied or not (step A4).
Specifically, in step A4, it is checked whether or not a borrow occurs on the

20  low-order (M+1)th bit due to an error.

rx < xlow - E ~+(9)

If the inequality (9) is satisfied (Yes in step A4), then it is judged that a
borrow occurs on the low-order (M+1)th bit due to an error, and output value
y is calculated according to the following equation (10) (step A7):

25 y = (xhigh + mt)|rx «+(10)

According to the equation (10), the effect of the borrow occurring on



decodi ng apparatus corrects the lowbit-rate decoded signal based on the
.corrective information. Therefore) the lowbit-rate decoded signal in the
encodi ng apparatus and the lowbit-rate decoded signal in the decoding
apparatus are nade identical to each other, thus naking the | ossless 15
.reproduced signal identical to the input signal. 1s SCOPE OF CLAIMS 1. A
hi erarchi cal |ossl ess encodi ng and decodi ng net hod conprising the steps of:
in an encodi ng apparatus, 5 encoding an input signal into lowbit-rate

encored Soi Bk P IR s BN B o) 5B S0 e 4000
o onal pr OB B SR LR R oA SR SRR, o

10 data to ighggqqﬁggngggﬁgp%jﬁr%s and extracting corrective information
W eco

fromsaid It-rate Sighal and transmtting the corrective
information to 1fhﬁeq%(§g§|i A fiol s@%ﬁ | I decodi ng
the lowbit-rate enco E}g‘gz%t)rgﬁ%ér}tl%{ﬂteggl\lpp@m t gql'gagﬁ?gsijﬁdgd appar at us

into ag ovihait helthérecalpr ABEBoROWBBcUrsIeS 85 v-biar! (MRS BSISIt, fiMePs@puiat a
transmtted fromthe encoding apparatus into a differential signal; and

correct i ngvalaeq is catduldted @ceortitng tethesiofjowingegeatiom(itihéstepragct i ve
information transmtted from said encodi ng apparatus, and adding 2 o the
corrected | ow byt=xhigh|rdecoded signal and said diffgiéhtial signal into a

| ossl ess reproduced signal. 2. A hierarchical |ossless encoding and

decodi ng et hodAggersting tathecequatiom (11).ihelewrordereMdits eftheJewihit-taterat i on
extracted fromsaid 2 5 lowbit-rate decoded signal represents |oworder M
bits of safecqqss gignalareseal e sasacivainiormation ramakingpuiput valueatt i ng sai d

whet nd0 & EapHgAIdP The T Blialk derdlehoian AR Bp aBICoREEARAIEb of oai ¢
o bi t -  apEUARSANELY B Gric BB s JRadfeq 1 Bht AL N BpuF b & 77 om the
low-order fddidr AbB2D! Gperation of corrector 207 has been described above with
reference to Fig. 5.
Using numerical examples of the above correcting process will be
15  described below in relation to corrections according to the equations (8) and
(10). N =16, M = 3, E = 2, for example, then xlow ranges from 0 to 7, and

rx can take 5 (= 2E + 1) types of values shown in the following table:

10



of said lowbit-rate decoded signal and replacing the loworder Mbits with
.said corrective information; if a borrow occurs, adding "1" to the

| ow-order (Mtl)th bit of said |owbit-rate decoded signal and replacing the
| ow-order Mbits with said 10 corrective information; and if neither carry
.nor borrow occurs, replacing the loworder Mbits of said lowbit-rate
decoded signal with said corrective information. 3. A hierarchical | ossless
encodi ng and decodi ng method 15 conprising the steps of: in an encodi ng
apparatus, encoding an input signal into lowbit-rate encoded data and
transmtting the lowbit-rate encoded data to a decodi ng appar at us;

encoding a differenti al
produced by decoding said |lo

si gnal
nebit-ra

between a lowbit-rate decoded 2 o signa

ta and said input signal,

into | ossl ess encoded dat a,
t he decodi ng appar at us;

Q

and e

o

ransg
ctin

e encoded d
ting the

n%&
g arrectiv

| ossl ess encoded data to
p information fromsaid

i nput si gnal
apparatus; 25 in the decodi ng

and transmtting
| nppnr a

bhe co

NEL o

odin

prmation to the decoding
) the lowbit-rate encoded

data transnmitted from the 20

decoded signal; decoding the
encodi ng apparatus into a di f

and said diffe

fgrent|<
al

ront

Jd % gzpar at

ls into a lowbit-rate

atransmtted fromthe
Idi ng said lowbit-rate
o0 a | ossl ess reproduced

decoded si gna
signal; and correcting said

LI L MI

ogsless

1,00, #guced

5i gnal based on said

corrective information. 4. Arh
met hod 10 according to claim

1"mrcradaro

34 wher ¢

LLI bal | UDDI C

2,3,4,5')‘,6 corr

5Ss encodi ng and decodi ng
pctive information

extracted fromsaid i nput si
signal, and said step of corj

mat—Tep

ebting

UDUIIL IS I UV

33,4;5 6,3ssl es

rder Mbits of said input
reproduced signa

D

conprises the steps of: dete
| ow-order (Mtl )th bit of sa

T g
d6l ossl ¢

petter—a ca

154,5,@/7r oduc

ry or a borrow occurs on a
bd signal based on said

corrective 15 informati on and

occurs, subtracting "1" from

Sai a1
t Aie | ow

SSIess Tepr

duced signal; if a carry
h bit

Gl 568,7( Mr1)

For any of combinations of xlow and rx in the above table satisfy the

inequality (7) or

(9), e.g., for xlow = 0, rx = 6 or xlow = 7, rx = 1, the high-

order (N-M) bit value xhigh of the low-bit-rate decoded signal in the decoding

apparatus is not identical to the high-order (N-M) bit value of the low-bit-rate

decoded signal in the encoding apparatus due to the effect of an error = E.

In order to correct the error, the high-order (N-M) bit value xhigh needs to be

10

corrected (xhigh-mt, xhigh+m) according to the equation (8) or the equation

(10). Since corrective information rx represents the low-order M bit value of

the low-bit-rate decoded signal in the encoding apparatus and the corrected

high-order (N-M) bit value is the same as the high-order (N-M) bit value of

the low-bit-rate decoded signal in the encoding apparatus, a signal which is

15

the same as the low-bit-rate decoded signal in the encoding apparatus can

be reproduced in the decoding apparatus, using corrective information and

11



of said | ossless reproduced signal and replacing the loworder Mbits with
-said corrective information; if a borrow occurs, adding "1 " to the

| ow-order (M+tl )th bit of 2 0 said | ossl ess reproduced signal and repl aci ng
the loworder Mbits with said corrective information; and if neither carry
-nor borrow occurs, replacing the loworder Mbits of said |ossless
reproduced signal with said corrective information. 25 5. A hierarchical

| ossl ess encodi ng and decodi ng net hod conprising the steps of: 21 in an

encodi ng am&}éaﬁ%ﬁww_@g%m%| g&g&aqrgmp&;e%g@%%m@tee encoded data

and transmtting t encode appar at us;

decodi ng S?i&ebﬁﬂg%dw?@égﬁp&ﬁé%%iﬂ%ﬁédé &brﬂn'tﬁé‘*ghi:%c\i/\ibg}a@_pr%é ggoded

signal, extracting corre ve information from sal e decoded

signal , andnd tisapradeisbing ddtRirasy W\Qﬁéild\ﬁ-ditﬂrfa@(llé ag&b@ér ihthé %cé&iﬁgggng

apparatus; and encoding a differential signal between a correc

| ow bi t - r aipparetusiaxk diffgrenit flonveack ditier, iy prRebhnEorBEdthg ockss - r at e
decoded signal and 1 o said input signal, into | ossless encoded data, and

transnid t i mpkeadhe tovebisateedecatist! sighalstio théendedingiappasatpaaadithe i n t he
decodi ng apparatus, decoding the lowbit-rate encoded data transmtted from
t he encodi fgcedina eppamtusidenticable e¢ach othes thus oaling thenlissless decodi ng t he

| ossl ess encoded data transpmitted fromthe encoding apparatus into a
differenti ﬁﬁpregw@(f,&gaahldeamaédo ithey inouit 8idn&v- bi t - r at e decoded si gnal based
on said correctiyve, informat.ion the corrected lowbit-rate

decoded si gnal Pﬁo_ﬁ};ﬁfcﬁwq 'E\eé‘ﬁp?g]de. S’?eglﬁg?i.“vﬁpti@.‘ will be QP&?"MQ:QP'OWJSSI ess
i ormat 1 o EREE R PORTE A7 Tobleh s Budiofh el CioghgrareBishboent s
ot TP, UaesS eoP e st e A e i
mask to thgrds@nt PRERfion! &d Fig. 7 is a block diagram of a hierarchical lossless
decodihg apparatus according to the second embodiment of the present
invention.
Hierarchical lossless encoding apparatus 1a shown in Fig. 6 differs
15 from hierarchical lossless encoding apparatus 1 shown in Fig. 3 in that the
input applied to corrective information extractor 107 is a delayed input signal
output from delay compensator 102 and recording medium K1a is employed
instead of recording medium K1. Recording medium K1a stores a program
for enabling a computer to function as hierarchical lossless encoding
20  apparatus 1a. The program is read by the computer and controls its
operation to realize low-bit-rate encoder 101, delay compensator 102, low-
bit-rate decoder 103, lossless encoder 104, corrective information extractor
107, and adder ADD1 on the computer.
Hierarchical lossless decoding apparatus 2a shown in Fig. 7 differs

25 from hierarchical lossless decoding apparatus 2 shown in Fig. 4 in that the

input applied to corrector 207 is an output from adder ADD2a which adds the

12



22 and said step of correcting said |lowbit-rate decoded signal in said

. decodi ng apparatus conprises the steps of: determ ning whether a carry or a
borrow occurs on a loworder (Mtl )th bit of said |lowbit-rate decoded
signal based on said corrective 5 information and said | owbit-rate decoded
-signal; if a carry occurs, subtracting "1" fromthe |oworder (Mtl)th bit
of said |lowbit-rate decoded signal and setting all the loworder Mbits to
"0"; if a borrow occurs, adding "1 " to the loworder (Mtl )th bit of said

o oy eyt a8 A b BSOS 16, 1, L

and if neith carry nor borrow occurs, OWF Or s of

said | ow beach @tr%rdm%rélhﬁﬂﬁédlh& KQa is %mpfojéc?fn@féaa GﬁJechﬁﬁ¢ €ss

encodi ng nmethod conprising the steps 1 ding an input stgnal into

| ow- bi t-ramedﬂnﬂded@ér@mgﬂméﬂﬁJrﬁG(@%t@réS)é\fp%érahﬁfcﬁ e‘?i&%ﬂﬁﬁ% data into a
|l ow-bit-rate decoded signal; encoding a differential signal”between said

I ow bi t - r acempuoted¢o durelion Mbr&roﬁlcaﬁlbdsllew'dtecéd@@%%:)&?h@s'ZEESTﬁéS encoded
data; and extracting corrective information fromsaid |owbit-rate decoded

si gnal .5 8. pragnamariaread byith¢ cesipeter amboohtrals ite tdpetatioriy iealling Idvrditst eps 2 5
O : encoding an input signal into lowbit-rate encoded data; 23 decodi ng
sai d | ow biate dgcedenadtidassiesmdecnderL03owotrector 207, aad atiebr A@@& pnencodi ng
a differential signal between said |lowbit-rate decoded signal and said

i nput si gn e‘FCHFB ¥®bssl ess encoded data; and 5 extracting corrective

' i ' A hi erarchical |ogssless encoding

IerI g(r)(r:lm E:i)ggr T ;?%ﬁ%k%cbgggtosgllpgs &ngcedingprparatisuta, Sogrestive infermalini t - r at e
encoded dat&astor 107 has it input supplied as a delayed input signal calculated by
10 delay compensator 102. Corrective information extractor 107 extracts
corrective information (e.g., a value represented by the low-order M bits of
the delayed input signal) from the delayed input signal in view of a maximum
error that can occur in the low-bit-rate decoded signal calculated by low-bit-
rate decoder 103, and outputs the corrective information to output terminal
15. 108.
In hierarchical lossless decoding apparatus 2a, corrector 207 corrects
a lossless reproduced signal, which is produced by adding the low-bit-rate
decoded signal calculated by low-bit-rate decoder 201 and the differential
signal calculated by lossless decoder 203, using corrective information
20  supplied through input terminal 206, in the same manner as with the first
embodiment, and outputs the corrected lossless reproduced signal. Since
the error in the low-bit-rate decoded signal is the same as the error in the
lossless reproduced signal, the lossless reproduced signal becomes identical
to the input signal when the lossless réproduced signal is corrected. The
25 second embodiment has been described above.

A third embodiment of the present invention will be described in detail

13



1 o decoding said lowbit-rate encoded data into a lowbit-rate decoded

. signal; extracting corrective information fromsaid |lowbit-rate decoded
signal; and encoding a differential signal between a corrected lowbit-rate
15 decoded signal produced by correcting said |owbit-rate decoded signa
-and said input signal, into | ossless encoded data. 10. A hierarchical

| ossl ess decodi ng nethod conprising the steps of: 20 inputting hierarchical
| ossl ess encoded data conprising lowbit rate encoded data) | ossless

e e L L T e
Fowbr - 2 GBI Tl e g Exte T SoBER e on. anc
it orenti oS OAr o JeEAPABA) logtiofs 4ot o RERLRKS DIROBROLS Chi ca

| ossl ess dgrofir@BriBadiRent @FtHd Sidd8nt MeehtiGs S of - inputting hierarchical

| ossl ess encoded data conprising lowbit rate encoded data, |ossless

encoded; dat a, apgerafdHicsl losktedsénedting appadRes dbshowd I*igy\e Riiffersat e
encoded data into a lowbit-rate decoded signal; 1 o decoding said |ossless

encoded datram Mierarehidaf besless ienbodingregiparaitdi Nshevan th Fig3ointthaeit Aagecoded
signal and said differential signal into a | ossless reproduced signal; and

corr ect i ngcaraéctor $38) recerding nuetiomdsh imemplyeddnsieadafdecondirerct i ve
information. 15 12. A hierarchical |ossless encoding and decodi ng apparatus
conpri si ngMedium doldiceteshye infoimationiexrartioo O is ampgvy&mgae@diaf encodi ng
appar at us corljgcri Si n?: a lowbit-rate encoder far_encodi ng an input signal

into | ow bFerrectyyerintasmation fadragiara Ofn @nd adderARD Y is e@pieygddnsteas: e
encodeldo dagfal aéé’ertr.eﬂecording medium K1b stores a program for enabling a

computer to function as hierarchical lossless encoding apparatus 1b. The

program is read by the computer and controls its operation to realize low-bit-

rate encoder 101, delay compensator 102, low-bit-rate decoder 103, lossless

encoder 104, corrective information extractor 109, corrector 110, and adder
15 ADD1b on the computer.

Hierarchical lossless decoding apparatus 2b shown in Fig. 9 differs
from hierarchical lossless decoding apparatus 2 shown in Fig. 4 in that
corrector 208 is employed instead of corrector 207 and recording medium
K2b is employed.ihstead of recording medium K2. Recording medium K2b

20  stores a program for enabling a computer to function as hierarchical lossless
decoding apparatus 2b. The program is read by. the'computer and controls
its operation to realize low-bit-rate decoder 201, lossless decoder 203,
corrector 208, and adder ADD2a on the computer.

In hierarchical lossless encoding apparatus 1b, corrective information

25 extractor 109 extracts corrective information expressed by a single bit in view

of a maximum error from the low-bit-rate decoded signal calculated by the

14



decodi ng apparatus; a lowbit-rate decoder for decoding said lowbit-rate
.encoded data into a lowbit-rate decoded signal and outputting the

| ow-bit-rate decoded signal; 2 5 a | ossl ess encoder for encoding a
differential signal between the lowbit-rate decoded signal output from

.»said lowbit-rate decoder and 25 said input signal, into | ossless encoded

data, and transmtting the |ossless encoded data to the decodi ng apparat us;
and a corrective information extractor for extracting corrective

cor et vo RAPBTRIP SR b SoE AT o800 BRaBHRIST 1 Shpar e
. - r.at ] . t-
dat & f - anay oditeRts, o8 daaE Sl Y crt iRtk '?f?fa%ra%aoﬁmpvﬁa‘i%fge%ioﬁed
H ’ 1 . . i v I | ‘%
flrgzgm' ttgéémlgénpiscﬁZseﬁcogﬁﬁgfﬁg%%gf@?ﬁ]g@ht 0 ahgﬁﬁeg?%nﬁbiﬁagi anglt?1 a

corrector Walug@bresinté®b§ e singns Mtﬁbit@o%ngﬁgﬁgﬁﬁh%ilg%rdgﬁpﬁ;ﬁf%n the

corrective information transmtted from sai ncodi ng appara and 15 an

adder f®r sdripied valaelafth®idw-biratel@sSsRY Qgﬁalﬁ'mé)roweléd%ww sai d

corrector and said differential signal into a | ossless reproduced signal.

13. A hi er gootprises thefist bits M satisiesatheraboledeehom @ppar atus 2 o conpri sing
an encodi ng apparatus and a decodi ng apparatus, sald encodi ng apparat us
conprising: a | &ereacton titGcemectd dhe law-oederddibig efithe tgwibitsiaggal 1 nt o

|l ow-bit rate encoded data and transmtting the lowbit-rate encoded data to
t he decodi A§cagpmpignakoutpgt fomvlawisbit-ratetdecddeod68 Hyoappivingdi Ognask d

| ow- bit-rafe encoded data jnto a | owbit-rate decoded signal and outputting
the I ow b 187k 288 OutBuEShE eogRgied low-bit-rate decoded signal

10 Adder ADD1b outputs a differential signal representing the difference
between the delayed input signal and the corrected low-bit-rate decoded
signal. The output differential signal is encoded by lossless encoder 104,
which outputs lossless encoded data to output terminal 106.

In hierarchical lossless decoding apparatus 2b, corrector 208 corrects

15 the low-bit-rate decoded signal calculated by the low-bit-rate decoder 201 in
the same manner as with the above embodiments, based on single-bit
corrective information rb, and outputs the corrected low-bit-rate decoded
signal. The corrected low-bit-rate decoded signal is added to a differential
signal calculated by lossless decoder 203 in the same manner as with the

20  above embodiments, and outputs the sum signal as a lossless reproduced
signal to output terminal 205.

An example of operation of corrector 208 will be described in detail
below with reference to a flowchart shown in Fig. 10.
As initial settings,
25 mt = 2V,
t1=E-1,and
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a | ossl ess encoder for encoding a differential signal between the
.lowbit-rate decoded signal output fromsaid |owbit-rate decoder and said
i nput signal) into | ossless encoded data, and transmitting the |ossless 5
encoded data to the decodi ng apparatus; and a corrective information
.extractor for extracting corrective information fromsaid input signal and
transmtting the corrective information to the decodi ng apparatus; said
decodi ng apparatus conprising: io a lowbit-rate decoder for decoding the
low-bit-rate en 093% qsta transmtted from said encodi ng apparatus into a
| ow-bit-rate detoded stgnal; a |ossless decoder for decoding the |ossless

encoce b A ANSE 5l 50 By ST PR Belhdrm b €L o

differenti@teﬁ' al into a lossless reproduced signal; and a corrector for
correcting sai ossl ess reproduced signal based on said corrective

i nformation. 20vthe fhifh P&resBhtedl b ﬁigﬁlcﬁaér m%%iwoﬁnggmgeim&ppar at us

conpri sing an encodi ng-appar at us and decodi ng 'apparatus, said encodi ng

appar atgis ¢8R Pepredehted BBy low-ider M BREBF inpt vaRROdacalBulalfddin Si gnal
into lowbit rate encoded data and transmtting the lowbit-rate encoded

data to ththeamemahng asopatep A2.indhé abobe emiridimdatso@tsp Ba). decoding said
| ow-bit-rate encoded 27 data into a lowbit-rate decoded signal; a
corrective infoifhanj waluexiovacepresénteddoyt ioaeorideg M bits isccompaied withmt i on from
said lowbit-rate decoded signal and transmitting the corrective

i nf or mat i othreghaldvaluscd dorahegls ifthatinequalite (12) shovasbelow issetiatied por

encodi ng a di&geerenti I nal between a corrected | owbit-rate decoded

Si. D
si gnal proBAtEeMmB3bo P@E'f'gﬂb/:ﬂtHéchSG\kQﬂ whethes o &b a&Rre) oFruUrs SRdheai d
i nput signal, int | esg encoded data, and transmtting the | ossless
encodéed’ da@'f’@é’ﬁgﬁﬁ}}ﬂfa@egbﬁaﬂ'@s; and sai d decodi ng appar at us
conprising: 10 g.l | Q- bit-rate decoder for decoding the I"pgl-i)i t-rate encoded
data transmittel Frisaid encodi ng apparatus into a Iow( ? -rate decoded

stgnal; a lossl f3Re ity (12) i€IR6PSHRAEPeh¥iniS ter W A Fshfitd
that a carry occurs on the low-order (M+1)th bit, it is checked whether single-
bit corrective information rb is an upper limit ("1") or not (step BS).

15 If single-bit corrective information rb is "1" (Yes in step B5), then it is
judged that a carry occurs on the low-order (M+1)th bit, and output value y is
calculated according to the equation (13) shown below (step B7).
Specifically, in step B7, the effect of the carry due to an error is eliminated.

y = xhigh - mt ~+(13)

20 If single-bit corrective information rb is "0" (No in step B5), then it is
judged that neither carry nor borrow occurs on the low-order (M+1)th bit, and
output value y is calculated according to the equation (14) shown below
(step B8). Specifically, in step B8, a signal produced by setting all the low-
order M bits of the low-bit-rate decoded signal output from low-bit-rate

25 decoder 201 to "0" is output.

y = Xhigh ++(14)
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transmitted from said encoding apparatus into a differential signal; and 15
.a corrector for correcting said lowbit-rate decoded signal based on said

" corrective information, and adding the corrected | owbit-rate decoded

signal to said differential signal. 15. A hierarchical |ossless encoding
-~apparatus conprising: 20 a lowbit-rate encoder for encoding an input
signal into lowbit rate encoded data; a |lowbit-rate decoder for decodi ng
said lowbit-rate encoded data into a lowbit-rate decoded signal; a

o5l ess_encodet fiariRadh atertBds Yeseio uiAbd inidiierya S ¢ e

| ow-bit-rate decoded signa said I hput si g ess encoded

data; and %quaﬁtwasogﬁbwmemm@aﬁsf@a gidtq%greiorm%tui%fs' ng corrective

information from'said |lowbit-rate decode i erar chi cal

| ossl ess egheckethwhptir dr wdt GRsTRlis ald&subﬁntﬁtﬁéﬂ/& Bbttroﬁ/%uﬁdqéﬁ@?é |oviRr
encoding an input signal into lowbit rate encoded data; a lowbit-rate

decoder f oordrrddtiiith bihddetownlertorr at e encoded data into a lowbit-rate
decoded signal; a | ossless encoder for encoding a differential signal
betweerS 1 o t heXJawBht - rate decoded si gnal and said i npufl5%ignal, into
| ossl ess encoded data; and a corrective information extractor for

extracting corr &chevaequaliy fth)iienot satisfie themgince therads a passibility A
hi erarchi c I ossl ess encodi ng apparatus conprising: a lowbit-rate encoder
for encodi ﬂ'@’i ‘P"ﬁ%‘ﬁfto@l’bﬁﬁ'l‘ th‘%lod" pederdM+ Tyt kit, dtis sheakerhwhether ow bit-rate
Gecosen LB SR Al IO oo 15
For correcting. SanoRal fstfecedritiiafioh bk fuf BRE it mefane
o ek, o et SR o ARG PR
and sai d i (B)ishowiBélow @téh BOFSEBESifically, in step B9, the effect of the borrow
is eliminated.
y = xhigh + mt ++(16)
If single-bit corrective information rb is "1" (No in step B6), then it is
15 judged that neither carry nor borrow occurs on the low-order (M+1)th bit, and
output value y is calculated according to the equation (14) (step B8).
Operation of corrector 208 has been described above with. reference to Fig.
10.
In steps B7, B9, xhigh is corrected for the reasons that as with the first
20  and second embodiments, the high-order (N-M) bit value xhigh of the
corrected low-bit-rate decoded signal in the decoding apparatus is not
identical to the high-order (N-M) bit value xhigh of the corrected low-bit-rate
decoded signal in the encoding apparatus due to the effect of an error = E.
According to the present correcting process, the corrected low-bit-rate
25  decoded signals in the encoding apparatus and the decoding apparatus are

made identical to each other, thus making the lossless reproduced signal

- 17



encoded data. 29 18. A hierarchical |ossless decodi ng apparatus
.conprising: a lowbit-rate decoder for decoding lowbit-rate encoded data
“into alowbit-rate decoded signal; 5 a | ossl ess decoder for decoding

| ossl ess encoded data into a differential signal; a corrector for
.-correcting said lowbit-rate decoded signal based on corrective
information; and an adder for adding the lowbit-rate decoded signal
corrected 10 by said corrector and said differential signal into a | ossless

reproduced, | rchical |ossless decodi ng apparat us
conpri si ng: &éarﬁiéél tobtht:%-méyl}g'g@@oder for decoding lowbit-rate encoded data

15 into a | ow bt @y rﬁbQPSPﬂ?sdoif#&Féﬂtlveqnﬁoﬂﬁé i T HEHR gﬁété cfisgg@rg:?' ng

| ossl ess encoded data Into erent i al nal ;" an a ng said

| ow bi t - r alefniStRGH lg s sl ess
repr oducedbg? gnal éﬁgén%bggggeggﬁg@gt@r H?orn?%@?}rta@tg nb‘ggg'ilddl' q]%ds)ts'% ﬂhﬂﬁ

r epr oduced esitggimeRt 86 NOMBERIOf Bt 'oY@ofré&Wéﬁ%‘férﬁihtlo?\q'x |§1|'&teﬁllat'irﬁ85 cal
| ossl ess encodi ng apparatus having a programfor enabling a conputer to

perfornda [ndepensiently of maxirmani evoraB, amphiense Greahumbes of bits Péduifedf € encoded
data; decoding said low.bit-rate encoded data into a lowbit-rate 30

decoded si §prdranssitting the cordictive infotrnatiors isppeducee: ween said | owbit-rate
decoded signal and said input signal into |ossless encoded data; and
extracting corr éeqcpc@ng 0 Hiaratasent inventieni as deseriied inadetailaboddhs si gnal .
21. A hierarchigcal,K | ossless encodi ng apparatus having a program for
enabl i ng aceHﬁﬁh\fee&anrmqimeiﬂfﬁCéprpn Be encedingappaiatg exdractpoorrectiyeal into
|l owbit-rate encoded data decodlqﬂ ﬁald | ow-bit-rate encoded data into
a | ow bi t - ffpEmation’in view ot a maximum errof that can ocour in the low-bit-rate
10 decoder from the low-bit-rate decoded signal, and the corrector in the

decoding apparatus corrects the low-bit-rate decoded signal based on the

corrective information. Therefore, the low-bit-rate decoded signal in the

encoding apparatus and the low-bit-rate decoded signal in the decoding

apparatus are made identical to each other, thus making the lossless

15 reproduced signal identical to the input signal.
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decoded signal; encoding a differential signal between said [owbit-rate
. decoded signal and said input signal into |ossless encoded data; and
extracting corrective information fromsaid i nput signal. 15 22. A

"~ hierarchical |ossless encodi ng apparatus having a program for enabling a
.computer to performa process of: encoding an input signal into

| ow-bit-rate encoded data; decoding said lowbit-rate encoded data into a
lowbit-rate 2 o decoded signal; extracting corrective information from

said |lowbit-rate decoded si gnaécgg%@p&m'ﬁg a differential signal _
ow bi - rate degoded Shanak A T nnur sLanal. Lotk Lossl ess o
e(rz\(lzvg)dletj (rj:% g. 31 Zé. ""%ﬂﬂ.l’gﬁgf'@%?@a?%@9@1"5@@%@%@%nsfaﬁgﬁat us having a

program f ogq@BASI ter to performa process of: inputting
hi er ar chi ca? Pogibpgggé}a coded data conprising lowbit rate encoded dat a,

| ossl ess encoded dat ¢ aafhco8in ' jonf ormation; 5 decoding said :
| ow-bit-rate encoded data I nt ob:éﬁdgx?%{sf -rate decoded signal; decoding said

| ossl ess encoded dat @nb@@iﬂp%rﬁhbﬁ?éi@ﬂhi i;?«(tjo FﬂgBBﬁJrateaé}S’chdHJ c?“éot iy sai d

| ow-bit-rate decoded signal based on sai corrective 1 ntormation, and

t her eaf t er transtniting e low-biteatecbrioaded data a6 @ direaitryapbaratls;and sai d
differential signal into a |ossless reproduced signal. 24. A hierarchical

| ossl ess decodi ng appacadling ehdifferential pignal Bewwesn & abbithratedessaad er to
performa process of: 15 inputting hierarchical |ossless encoded data

conpri si ngsigoal produced byalecoding shid dowibitsiaite saceherbdath ared saidanputor recti ve
i nformation; decoding said lowbit-rate encoded data into a lowbit-rate

decoded si §aaat ijalosslens encadaddaipeand diapsmilting be losslesseentodesr ent i al

signal;_ 2 addi aid lowbhit-rate decoded signal and said differential
si gnallq nt@atéqpéggldggggﬁn&ﬁﬂﬂﬁﬁﬁm; 8gnal : and

extracting corrective information from said low-bit-rate decoded
signal and transmitting the corrective information to the decoding apparatus;
in the decoding apparatus,
decoding the low-bit-rate encoded data transmitted from the
15  encoding apparatus into a low-bit-rate decoded signal;
decoding the lossless encoded data transmitted from the
encoding apparatus into a differential signal; and
correcting said low-bit-rate decoded signal based on the
corrective information transmitted from said encoding apparatus, and adding
20  the corrected low-bit-rate decoded signal and said differential signal into a

lossless reproduced signal.

2. A hierarchical lossless encoding and decoding method
according to claim 1, wherein the corrective information extracted from said
25  low-bit-rate decoded signal represents low-order M bits of said low-bit-rate

decoded signal, and said step of correcting said low-bit-rate decoded signal
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correcting said | ossl ess reproduced signal based on said corrective
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correcting said lossless reproduced signal based on said

corrective information.

4, A hierarchical lossless encoding and decoding method
10 according to claim 3, wherein the corrective information extracted from said
input signal represents low-order M bits of said input signal, and said step of
correcting said lossless reproduced signal comprises the steps of:
determining whether a carry or a borrow occurs on a low-order
(M+1)th bit of said lossless reproduced signal based on said corrective
15 information and said lossless reproduced signal;
if a carry occurs, subtracting "1" from the low-order (M+1)th bit
of said lossless reproduced signal and replacing the low-order M bits with
said corrective information;
if a.borrow occurs, adding "1" to the low-order (M+1)th bit of
20  said lossless reproduced signal and replacing the low-order M bits with said
corrective information; and
if neither carry nor borrow occurs, replacing the low-order M

bits of said lossless reproduced signal with said corrective information.

25 5. A hierarchical lossless encoding and decoding method

comprising the steps of:
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decoding said low-bit-rate encoded data into a low-bit-rate
5 decoded signal, extracting corrective information from said low-bit-rate
decoded signal, and transmitting the corrective information to the decoding
apparatus; and
encoding a differential signal between a corrected low-bit-rate
decoded signal produced by correcting said low-bit-rate decoded signal and
10 said input signal, into lossless encoded data, and transmitting the lossless
encoded data to the decoding apparatus;
in the decoding apparatus,
decoding the low-bit-rate encoded data transmitted from the
encoding apparatus into a low-bit-rate decoded signal;
15 decoding the lossless encoded data transmitted from the
encoding apparatus into a differential signal; and
_ correcting said low-bit-rate decoded signal based on said
corrective information, and adding the corrected low-bit-rate decoded signal
to said differential signal.
20
6. A hierarchical lossless encoding and decodihg method
according to claim 5, wherein the corrective information extracted from said
low-bit-rate decoded signal represents low-order M bits of said low-bit-rate
decoded signal, said low-bit-rate decoded signal is corrected in said

25 encoding apparatus by:

applying a 0 mask to the low-order M bits;
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and said step of correcting said low-bit-rate decoded signal in said decoding
apparatus comprises the steps of:

determining whether a carry or a borrow occurs on a low-order
(M+1)th bit of said low-bit-rate decoded signal based on said corrective

5 information and said low-bit-rate decoded signal;

if a carry occurs, subtracting "1" from the low-order (M+1)th bit

of said low-bit-rate decoded signal and setting all the low-order M bits to "0";
~ if a borrow occurs, adding "1" to the low-order (M+1)th bit of
said low-bit-rate decoded signal and setting all the low-order M bits to "0";
10 and
if neither carry nor borrow occurs, setting all the low-order M

bits of said low-bit-rate decoded signal to "0".

7. A hierarchical lossless encoding method comprising the steps
15 of:
encoding an input signal into low-bit-rate encoded data;
decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal;
encoding a differential signal between said low-bit-rate
20 decoded signal and said input signal into lossless encoded data; and
extracting corrective information from said low-bit-rate decoded

signal.
8. A hierarchical lossless encoding method comprising the steps

25 of:

encoding an input signal into low-bit-rate encoded data;
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L1096 & () - encoding an input signal into low-bit-rate encoded data;
10 decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal;
extracting corrective information from said low-bit-rate decoded
signal; and

encoding a differential signal between a corrected low-bit-rate

15 decoded signal produced by correcting said low-bit-rate decoded signal and

said input signal, into lossless encoded data.

10. A hierarchical lossless decoding method comprising the steps
of:
20 . inputting hierarchical lossless encoded data comprising low-bit-
rate encoded data, lossless encoded data, and corrective information;
decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal;
decoding said lossless encoded data into a differential signal;
25 and

correcting said low-bit-rate decoded signal based on said
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inputting hierarchical lossless encoded data comprising low-bit-
rate encoded data, lossless encoded data, and corrective information;

decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal;

10 decoding said lossless encoded data into a differential signal;
adding said low-bit-rate decoded signal and said differential
signal into a lossless reproduced signal; and

correcting said lossless reproduced signal based on said
corrective information.

15
12. A hierarchical lossless encoding and decoding apparatus
comprising an encoding apparatus and a decoding apparatus, said encoding
apparatus comprising:

a low-bit-rate encoder for encoding an input signal into low-bit-

20 rate encoded data and transmitting the low-bit-rate encoded data to the
decoding apparatus;

a low-bit-rate decoder for decoding said low-bit-rate encoded
data into a low-bit-rate decoded signal and outputting the low-bit-rate
decoded signal;

25 a lossless encoder for encoding a differential signal between

the low-bit-rate decoded signal output from said low-bit-rate decoder and
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10 F a corrective information extractor for extracting corrective
information from said low-bit-rate decoded signal and transmitting the
5 corrective information to the decoding apparatus;
said decoding apparatus comprising:

a low-bit-rate decoder for decoding the low-bit-rate encoded
data transmitted from said encoding apparatus into a low-bit-rate decoded
signal;

10 a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal;

a corrector for correcting said low-bit-rate decoded signal
based on the corrective information transmitted from said encoding
apparatus; and

15 an adder for adding the low-bit-rate decoded signal corrected
by said corrector and said differential signal into a lossless reproduced

signal.

13. A hierarchical lossless encoding and decoding apparatus
20 comprising an encoding apparatus and a decoding apparatus, said encoding
apparatus comprising:

a low-bit-rate encoder for encoding an input signal into low-bit-
rate encoded data and transmitting the low-bit-rate encoded data to the
decoding apparatus;

25 a low-bit-rate decoder for decoding said low-bit-rate encbded

data into a low-bit-rate decoded signal and outputting the low-bit-rate
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5 encoded data to the decoding apparatus; and
a corrective information extractor for extracting corrective
information from said input signal and transmitting the corrective information
to the decoding apparatus;
said decoding apparatus comprising:

10 a low-bit-rate decoder for decoding the low-bit-rate encoded
data transmitted from said encoding apparatus into a low-bit-rate decoded
signal;

a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal;

15 an adder for adding said low-bit-rate decoded signal and said
differential signal into a lossless reproduced signal; and

a corrector for correcting said lossless reproduced signal

based on said corrective information.

20 14. A hierarchical lossless encoding and decoding apparatus
comprising an encoding apparatus and a decoding apparatus, said encoding
apparatus comprising:

a low-bit-rate encoder for encoding an input signal into low-bit-
rate encoded data and transmitting the Iow-bit-rate encoded data to the

25 decoding apparatus; |

a low-bit-rate decoder for decoding said low-bit-rate encoded
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information from said low-bit-rate decoded signal and transmitting the
corrective information to the decoding apparatus; and
5 a lossless encoder for encoding a differential signal between a
corrected low-bit-rate decoded signal produced by correcting the low-bit-rate
decoded signal and said input signal, into lossless encoded data, and
transmitting the lossless encoded data to the decoding apparatus; and
said decoding apparatus comprising:

10 a low-bit-rate decoder for decoding the low-bit-rate encoded
data transmitted from said encoding apparatus into a low-bit-rate decoded
signal;

a lossless decoder for decoding the lossless encoded data
transmitted from said encoding apparatus into a differential signal; and

15 a corrector for correcting said low-bit-rate decoded signall
based on said corrective information, and adding the corrected low-bit-rate

decoded signal to said differential signal.

15. A hierarchical lossless encoding apparatus comprising:
20 a low-bit-rate encoder for encoding an input signal into low-bit-
rate encoded data;
a low-bit-rate decoder for decoding said low-bit-rate encoded
data into a low-bit-rate decoded signal;
a lossless encoder for encoding a differential signal between
25 the low-bit-rate decoded signal and said input signal, into lossless encoded

data; and

28



3 S10%"& ()- ylo%"& ()- Y 10%"& ()- _|[:vU4l0 "10%"& ()- Y
CMO% " & ()- 10%"& ()- Y10%"& ()- 3 L10%"& ()- Y!'10%"& ()-

[\ [:vU410 F10%"& ()- ,T 10%"& ()- & 10%"& ()- YF(MO%"& ()-
Yf& 10%"& ()- F $10%"& ()- \4~|[:-410r" 9<10% "& ()- 3F710% " & ()-
.y5!10%"& ()- F310%"& ()- F110%"& ()- /110%"& ()- :bA410r"

yml0% "& ()- 110%"& ()- 3 &10%"& ()- 13 10%"& ()- |S10%"& ()-
10r"10r" h|[: A410r" Y&10%"& ()- F 10%"& ()- 1f10%"& ()- 110%"& ()- 3

S T L L
1S3100 & Womolpiion Syt filgon 0% 8 () 30075 )

16. A hierarchical lossless encoding apparatus comprising:
5 a low-bit-rate encoder for encoding an input signal into low-bit-

rate encoded data;

a low-bit-rate decoder for decoding said low-bit-rate encoded
data into a low-bit-rate decoded signal;

a lossless encoder for encoding a differential signal between

10 the low-bit-rate decoded signal and said input signal, into lossless encoded

data; and

a corrective information extractor for extracting corrective

information from said input signal.

15 17.  Ahierarchical lossless encoding apparatus comprising:
a low-bit-rate encoder for encoding an input signal into low-bit-
rate encoded data;
a low-bit-rate decoder for decoding said low-bit-rate encoded
data into a low-bit-rate decoded signal;
20 a corrective information extractor for extracting corrective
information from said low-bit-rate decoded signal;
a corrector for correcting said low-bit-rate decoded signal and
outputiing the corrected low-bit-rate decoded signal; and
a lossless encoder for encoding a differential signal between
25 the corrected low-bit-rate decoded signal and said input signal, into lossless

encoded data.
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a lossless decoder for decoding lossless encoded data into a
differential signal;

a corrector for correcting said low-bit-rate decoded signall
based on corrective information; and

an adder for adding the low-bit-rate decoded signal corrected
by said corrector and said differential signal into a lossless reproduced

signal.

19. A hierarchical lossless decoding apparatus comprising:

a low-bit-rate decoder for decoding low-bit-rate encoded data
into a low-bit-rate decoded signal;

a lossless decoder for decoding lossless encoded data into a
differential signal;

an adder for adding said low-bit-rate decoded signal and said
differential signal into a lossless reproduced signal; and

a corrector for correcting said lossless reproduced signal

based on corrective information.

20.  Ahierarchical lossless encoding apparatus having a program
for enabling a computer to perform a process of:
encoding an input signal into low-bit-rate encoded data;

decoding said low-bit-rate encoded data into a low-bit-rate
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extracting corrective information from said low-bit-rate decoded

5 signal.

21. A hierarchical lossless encoding apparatus having a program
for enabling a computer to perform a process of:
encoding an input signal into low-bit-rate encoded data;
10 decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal;
encoding a differential signal between said low-bit-rate
decoded signal and said input signal into lossless encoded data; and
extracting corrective information from said input signal.
15 |
22.  Ahierarchical lossless encoding apparatus having a program
for enabling a computer to perform a process of:
encoding an input signal into low-bit-rate encoded data;
decoding said low-bit-rate encoded data into a low-bit-rate
20 decoded signal;
extracting corrective information from said low-bit-rate decoded
signal; and
encoding a differential signal between a corrected low-bit-rate
decoded signal produced by correcting said low-bit-rate decoded signal and

25 said input signal, into lossless encoded data.
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decoded signal;
decoding said lossless encoded data into a differential signal;
and
correcting said low-bit-rate decoded signal based on said
10  corrective information, and thereafter adding the corrected low-bit-rate

decoded signal and said differential signal into a lossless reproduced signal.

24.  Ahierarchical lossless decoding apparatus having a program
for enabling a computer to perform a process of:
15 inputting hierarchical lossless encoded data comprising low-bit-
rate encoded data, lossless encoded data, and corrective information;
decoding said low-bit-rate encoded data into a low-bit-rate
decoded signal; |
decoding said lossless encoded data into a differential signal;
20 adding said low-bit-rate decoded signal and said differential
signal into a lossless reproduced signal; and
correcting said lossless feproduced signal based on said

corrective information.
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