11 Septenber 2006 H ERARCHH CAL LOSSLESS ENCODI NG AND DECODI NG METHOD,

HI ERARCHI CAL LOSSLESS ENCODI NG METHOD, H ERARCHI CAL LOS3ISefiSmbECIINENG
METHOD, APPARATUS AND PROGRAM THEREFOR 5 TECHNI CAL FI ELD The present
invention relates to a hierarchical |ossless encoding and decoding
technol ogy for digital signals such as of nusic data, audio data, 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. Dat a

encoded by t hpERARTHICAL E@jssmeamemné'mme ING grerized in

that it includes 15 lowbit-rate non-Iossless enco dat a eral’chl cally

as part thereof. AHmoqufALtlt@sBLEwENU@DIMGSME?F@[@NCOO“ ng process
is described in | EEE Signal Processing Magazine, pp. 21 32, July 2001.

The conventional HHIERABOHIGAL OSEEESSDECDDIN@METHODN! ng technol ogy
will briefly be described belowwth reference to Figs. T and 2 of the

acconpanyi ng 20 dr awi n4PPARATUSHINDPROGRAM THERBF@Rar chi cal | ossl ess
encodi ng apparatus and a conventional hierarchical |ossless decoding
appar atus, respectively. In the conventional hierarchical |ossless
encodi ng apparatus shown in _cll 1 an |n ut signal frominput term nal
100 is supplied to lowbit-rate E EdderlELR and del ay conpensator 102.

T o 2Eng BPEAE Siaon felafis 1o & hfarsrehical lossless ancoamg ard o' °™Y
decoding technology for digital signals such as of music data, audio data, or
the like.

10
BACKGROUND ART
One process for iossless encoding of audio signals such as music
signals is a hierarchical lossless encoding process. Data encoded by the
hierarchical lossless encoding process is characterized in that it includes
15  low-bit-rate non-lossless encoded data hierarchically as part thersof. A
summary of the hierarchical lossless encoding process is described in IEEE
'Signal Processing Magazine, pp. 21 - 32, July 2001. The conventional
hierarchical lossless encoding and decoding technology will briefly be
described below with reference to Figs. 1 and 2 of the accompanying
20 drawings which show a conventional hierarchical lossless encoding
-apparatus and a conventional hierarchical lossiess 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




11 Septenber 2006 encoded data to output termnal 105 and lowbit-rate
decoder 103. Lowbit- rate decoder 103 decodes the supplliléipicobeb2@06 at e
encoded data into a low bit-rate decoded signal. The input signal supplied
to del ay conpensator 102 is delayed by a tinme corresponding to a del ay
caused by the lowbit-rate 5 encodi ng and decodi ng process (a processing
time required by lowbit-rate encoder 101 and | owbit-rate decoder 103),
and thereafter output as a delayed input signal. Lossless encoder 104

encodes a dincbdeduatato suiputtermindli 105 arkd RWRBHTER McodePDaC iRdbkhe
| ow-bit-rate decoded signal fromthe delayed input signal, according to a

| ossl ess engiedienpder d68xiacodes tie spppiedlBw-bis-Faieshcodea ¢Rta fib @ (bR out put
terminal 106. In the conventional hierarchical |ossless decodl ng apparatus

shown in bityatedecededsignait Breinpoti signebsapiiodntol deay cémpéhéﬁbr 209 is
decoded into% |8W— bit-rate decoded signal by |owbit-rate decoder 201.
Lossl ess eft@eiayed fyatimesomespandingrtaiandélag @aused by dloel klv-bittraten
differential si. nalcg%ﬁlo sl ess 15 decoder 203. The lowbit-rate decoded
signal 1s S0FPANgED ﬁ%ﬁ"g BraceRal(a pracessingdtimeadequired by dowtbitfrateent i al

2 Foss! ess SPeBid e dlgibials cordsii Cobrandtheroatier bEiputanal eos  — o
e oducedsedalnhd 40 R AR Bin R Rt L e B cal 1o
encodi ng LS HSAGEEEE b00F i iG he To RS ReEbEcH Serabiramdnaecod ng
D ocess. Thge R T oG 158 bR 5 Bh acSBR ph stiseS doscr | bed
1093 - 1006 s 13900 Fart B SAPLLRIA 108, 7 T orm encading and decod ng
process. The CHrPthernsomlientioddlthierarchical lossless decoding apparatus shown in
Fig. 2, low-bit-rate encoded data from input terminal 200 is decoded into a
low-bit-rate decoded signal by low-bit-rate decoder 201. Lossless encoded
data from input terminal 202 is decoded into a differential signal by lossless
15 decoder 203. The low-bit-rate decoded signalis output to output terminal
204, and added to the differential signal from lossless decoder 203,
producing a sum signal that is output as a lossless reproduced signal to
output terminal 205. The lossless reproduced signal is the same as the input
signal insofar as the low-bit-rate decoded signal in the decoding apparatus is
20 identical to the low-bit-rate decoded signal in the encoding apparatus.
The low-bit-rate encoding and decoding process may be a transform
encoding and decoding process or a CELP (Code Excited Linear ‘Prediction)
encoding and decoding process. The transform encoding and decoding
process wiil not be described in detail below as reference can be made to
25  Proceedings on ICASSP, pp. 1093 - 1096, Apr. 1990 for details of the

transform encoding and decoding process. The CELP encoding and



2 11 Septenber 2006 decoding process will not be described in detail bel ow
as reference can be nade to Proceedi ngs on | CASSP, pp. M93eptentheD200dar .
1985 for details of the CELP encoding and decodi ng process. The | ossless
encodi ng and decoding process will not be described in detail bel ow as
reference can be made to 5 | EEE Signal Processing Magazine, pp. 21 - 32,
July 2001 for details of the |ossless encoding and decodi ng process. The
conventional hierarchical |ossless encoding and decoding process is

pr obl emat i decodinkairotéss il m\wéaaésldr%a iﬁ%%%aﬁgf%@nhgﬁapg,ecodi ng

apparatus is not identical to the lowbit-rate de g S he 10
encodi ng apndeataiBrodebdingshuh ICRSSPSEp! 937 OgﬂllGFﬂa 1883 fol Yelfils dilige SAME as
y e g

the input signal. This problem occurs prinmari n the processin

accuracy i CELRencodiby andadesodinppiecess. The I6asess aib BAd YecBhfmgt Ne
processi ng accurg%i/ in the lowbit-rate decoder in the decoding apgarat us
are diff er Brcessomll @at he deseribed-ir detail el ak reforériiaedn Beahadd gndar ds 15
| SO' | EC 13%&-7 (generally known as MPEG 2 AAC) for audio data encoding
are used affERSUGHRPcessing Magazina ppakd -B2; daly@0r for eletailst dfahe t he

processi ng, accuracy i,n the lowbit-rate decoder is allowed to be of such a
| evel that 'OSRESY dinasanghdecqsting peeeessher eby has a decoding error of 1
at maxi rrumvvithp.égs ect to :11 ref erence decoded signal. Therefore, each of

20 the | owbit- ogeRtRnR! Sigyarahical ossirsseencsdingianp dacadiog and t he
AR et e e AN R L
decodi ng  Spesed aBBAAIEE AR Rcalig e B et JethaRd skl st ¢, 1 1
Fg \?vts Ib|q|toer zzfneédgagi 9 gg@alla‘?@s? RS tHS ISQRYS F8pdiddnaY s%%rall Kot the Tants as
the input signal. This problem occurs primarily when the processing
- accuracy in the low-bit-rate decoder in the encoding apparatus and the
processing accuracy in the low-bit-rate decoder in the decoding apparatus
are different from each other. .For example, if international standards
715 ISO/IEC 13818-7 (generally known as MPEG-2 AAC) for audio data
encoding are used as the low-bit-rate encoding and decoding process, then
the processing accuracy in the low-bit-rate decoder is allowed to be of such
a level that the decoded signal produced thereby has a decoding error of = 1
at maximum with respect to a reference decoded signal. Therefore, each of
20 the low-bit-rate decoded signals in the encoding 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 errof 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  thatthe lossless reproduced signal derived from the low-bit-rate decoded

signal may not be identical to the input signal.




~signal may not be identical to the input signal. 3 11 Septenber 2006

DI SCLOSURE OF THE INVENTION It is an object of exanpl e drifiSegiemdrt 30@F t he
present invention to nake a |ossless reproduced signal identical to an

i nput signal even when the processing accuracy in a |lowbit-rate decoder
I n an encodi ng apparatus and the processing accuracy in a lowbit-rate
decoder in a decoding apparatus are different fromeach other. In
accordance with one aspect ofé;he gresent i nvention, there is provided a

hi erarchical |ossless enBbafh QA AHENVEENRENCconpri sing the steps

of : in an encodi.ng _appar.at.us, encoding.an jnput signal.intg lowbit- rate
encoded dat a aﬂdsgpé&gﬁtﬁfi&ﬁa%em%ﬂp?mﬁéﬁ %HE%?@B'W&PHO@ a decoding
appar at us;, codi ' r ' | |t decoded
2P At US m ARCASAcd EnfdeoEd Kol e HEAVER, Boh kit afheh g 500000,
signal, i prsodseriyl RESracAIERWISH fatettboder ANEhEbIg BBalAs LAas  encoded
- data to the decoding apparatus; and extracting corrective information from
- sai d | ow the prozessidg @ogdarhcyiig adbwabitrdte alesotét innpdédwiing appaeitiy e
information to the decodi ng apparatus; in the decodi ng apparatus, decoding

t he | ow bpte diffecerdiwadeacagtieri ransnitted fromthe encoding apparatus into

a lowbit-rate, decoded si | ; decoding the |ossl ess encoded data
“transnitted frmﬁ?%gﬁﬁ%%ﬂﬁé’n%ﬁ%eﬁ Bgﬂ‘ierﬁrﬁs%”tdf“f@’g’roé‘mmeﬁﬁ %j gnal ; and

cort et B B R RSN T SRR e
oL ehs iRl r e sy st Shdan b csand BN, (L0 °
~ there is mteendededdata and transmitting the low-bit-rate encoded data to a
decoding apparatus; encoding a differential signal between a low-bit-rate
decoded signal produced by decoding said low-bit-rate encoded data and
said input signal, into lossless encoded data, and transmitting the lossless
encoded data to the decoding apparatus; 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 encoding
épparatus 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 the
corrected low-bit-rate decoded signal and said differential signal into a
lossless reproduced signal.

In a second aspect of the present invention, there is provided a
hierarchical lossless encoding and decoding method comprising the steps of:
in an encoding apparatus, encbding an input signal into low-bit-rate encoded

data and transmitting the iow-bit-rate encoded data to a decoding apparatus;




hi erarchi cal | ossl ess encodi ng and decodi ng net hod conprising the steps of:
in an encodi ng apparatus, encoding an input signal into 1loS¢pniber 3066
encoded data and transmitting the lowbit-rate encoded data to a decodi ng
apparatus; 4 11 Septenber 2006 encoding a differential signal between a

| ow-bit-rate decoded signal produced by decoding said | owbit-rate encoded
data and said input signal, into |ossless encoded data, and transmtting
the | ossl ess encoded data to the decodi ng apparatus; and extracting
correct i véncadiogreadifferenticbsignal betwesota low-bitadteatetoded sigrialt i ng t he

corrective information fo the decodi ng apparatus; in the decoding
appar at us,pr@mmbd??@'m%ﬁﬁ'gi'?Wrtﬁ?@tgﬁ@%@%ﬂ dateand saiddnpytdgnaly om t he

o) PR SRR e
1Y et asun appad o ek i RSAAB S P S0

| ossl ess  sigpabdnd @dnsimiting tiasedectiveSafoinBbnh s the/ 8etating @Ebbﬁﬂus;' n _
accordance with a third aspect of the present invention, there is provided

a hi er ar chi te deasslingapparatusd degoding the bvdbitgatecehamtiecodatai si ng  t he st eps
of : in an_encodi r&q appar at us,  encodi ng an in(%;;t signal into lowbit- rate

encoded dif@asmyted framdhe encadingrapnagaiusiintoralow-bicaigadecoded signal  decodi ng
tus; di i d | i t-rat d data into,a | bit- t
aeboted s PG Ui 083lesssPoRed ol BafTnBieii e pBodRy  ow bi ¢ - rate

decoded shapab gt b AREEAL BT 2adRy SR DUyl RUBRbLED A e, dococ

appar at us; odin entTa bet weén a corr d lowbit-

rate decogad séi(ﬂ@iﬁérd@ﬁi@ﬂsi?ﬁﬂl iAo & MWdshs! ragroficed |stydl And 8bRedpfgeded si gnal
and said input signal, into |ossless encoded data, and transmtting the
| ossl ess saiddossieskateprocduddoesigeaiddised apssd abnectivairféenateeodi ng
In accordance with a third aspect of the present invention, there is

provided a hierarchical lossless encoding and decoding method comprising

the steps of: in an encoding apparatus, encoding an input signal into low-bit- -

rate encoded data and transmitting the fow-bit-rate encoded data to a

decoding apparatus; 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 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 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; decoding the lossless

encoded data transmitted from the encoding apparatus into a differential |
. signal; and correcting said Eow¥bit-rate decoded signal based on said

corrective information, and adding the corrected low-bit-rate decoded signal

to said differential signal.

4da



“apparatus, decoding the lowbit-rate encoded data transmitted fromthe
encodi ng apparatus into a lowbit-rate decoded signal; ddcugtentpet D06

| ossl ess encoded data transmtted fromthe encoding apparatus into a
differential signal; and correcting said |owbit-rate decoded signal based
on said corrective information, and adding the corrected lowbit-rate
decoded signal to said differential signal. 4a | 1 September 2006 In a
fourth aspect of the present invention, there is provided a hierarchical

| ossl ess encodiif’h@f%ﬂ'ﬁ@ape@rﬁfﬂh@ipf@sqrﬁ@wQ@.ﬂsrerewomd@g an input signal

' ded d d dj id | - bi t-rat ded dat

it b1 ol B e el A npRyh e S éff‘seﬁcpod‘?é‘ﬁé’alil bet ween
id | i «S .d ' L. | ossl ess

oncodeq sl 46 Rl biaRl ehodltid Rk diiihg SBNBlRERe || PO0 b0 ate

decoded siegatied Uatedintd &ldwannacd detoddiesiBhars BREoIRY AiffefntibNer e is
provided a hierarchical |ossless encoding nethod conprising the steps of:

encodi ng aignal hptween saidllow-hiterateodetided sigralennbsid infautaigrié aadi ng sai d
low-bit-rate encoded data into a | owbit-rate decoded signal; encoding a
di f f er ent iQfsless; ejicared sla@ andsexttadtivg-asimective infomaaitrdirengaid lowd sai d

' i ' | ded data; and extracti ti

| nFor mat | BRI SR Si gnal . In & oixth aspect of the pr esent

i ion, thefe.ic ' ' ical .1 0ssl ess. encodi ng net ho
comri si ng 1 he "L AL SPELERNg ereb i iER. il PRYGAT o7 Tarc
~encoded dﬁte%rcﬁft%@lbs&&s%rﬁobm\&rﬁbfhbﬂaécm % r‘*ﬁf‘%ﬁ%"ﬁ% ?E%f:'éﬁd&gﬁ]dwb' t-rate

decoded signal; extracting corrective rom sai owbit-rate

decoded simpuakignahitiie hwebithgtesetiddedrdutaj décoding 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.

In a sixth aspect of the present invention, there is provided a
hierarchical lossless encoding method comprising the steps 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; 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
cbrrecting said low-bit-rate decoded signal and said input signal, into
lossless encoded data.
| In a seventh aspect of the present invention, there is provided a
hierarchical lossless decoding method comprising the steps of: 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; and correcting said low-bit-rate
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signal between a corrected Iowbit-rate decoded signal produced by
correcting said lowbit-rate decoded signal and said i npgutSeptegrbat 2006t o

| ossl ess encoded data. In a seventh aspect of the present invention, there
is provided a hierarchical |ossless decoding nethod conprising the steps
of : inputting hierarchical |ossless encoded data conprising lowbit-rate
encoded data, |ossless encoded data, and corrective information; decoding
said lowbit-rate encoded data into a [owbit-rate decoded signal

decodi ng §afededsignakkasadengald ensrestivainfornation, andriheegafier gdding and

ti id | bi t - 4b 11 Septenber 2006 decoded signal based on
O b B BB R Bl oSt SRR S o o
|l owbit-r %Ie@%ﬁﬂféﬁuﬁb@% nﬂmd said differential signal into a |ossless
. an

reproduced signa n ght h aspect of the present invention, there is

provided a hi p ah eiifiRlashe&diens phaeof iméniiBh Nadre RPOLRIERS the steps of :
I nputting hierarchical |ossless encoded data conprising lowbit-rate

encoded dhtemarchioat kissksselecodind rdethad comdbrising th steps ioftfiapueihg on; decodi ng

said lowbit-rate encoded data into a lowbit-rate decoded signal;

decodi ng bigrarchisatjossless encoded data eomprising lewtitelateeneddad gatal ; addi ng
said low hit-rate decode signal and said differential signal into a

" | ossl ess E@BP@&@@&HSESgﬁ%';a”éfrﬁ?"%?’?@lff)frﬂ%t’%idﬁcpgg‘gl%%'%Bﬁﬁﬁﬁced si gnal

Dased O BBV ok H LB e W AR Bledir® Presert
o ng S B P AR o o R e R g o
input  si gsighal arid>saidwiffiérential signal into a lossless reproduced signal; and

correcting said lossless reproduced signal based on said corrective

information.

In a ninth aspect of the present invention, there is provided 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 low-bit-rate encoded data to the

decod ing 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; a lossless encoder for encoding a differential signal

between the low-bit-rate decoded signal output from said low-bit-rate

decoder and said input signal, into lossless encoded data, and transmitting

the lossless encoded data to the decoding apparatus; and a corrective

information extractor for extracting corrective information from said low-bit-

rate decoded signal and transmitting the corrective information to the

decoding apparatus; said deco'ding 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; a lossless decoder for
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rate.encoded data and transmtting the lowbit-rate encoded data to the
decodi ng apparatus; a lowbit-rate decoder for decodi ng 14dd&iedtehder BDOG6- r at e
encoded data into a lowbit-rate decoded signal and outputting the lowbit-
rate decoded signal; a |ossless encoder for encoding a differential signal
between the lowbit-rate decoded signal output fromsaid |lowbit-rate
decoder and said input signal, into |ossless encoded data, and transmtting
the | ossless encoded data to the decodi ng _apparatus; and a corrective

i nf or mat | BRcedipg ihe Insstess encered datatransmisied; framisaicbeneading fr om sai d

the. decoBbRyei i e oueedlia e Rgabios el Rl TG Nl ¢ et e

decoder fﬂécﬁﬁ'éipgéﬂlglnl%&%dl Wﬂ@gﬁﬁ@&i@e%@ﬂgﬁ%‘?%ﬁsﬁfféﬁ:ﬂﬁt gy fromsaid

encodi ng apparatu 0 a low -rate srgna ossless decoder

for 4c | én&ﬁﬂﬁg@‘ppéram&?an&mgaaé\mBadir@aﬁbw-tﬁt%@éileéc&péoasibhansmtted

fromsaid encoding apparatus into a differential signal; a corrector for
corr ect i ngosedtdd Ibyvedid teoratter ade saitkdifferegiial sipaakidtoa lddstessor rect i ve

information transmtted fromsaid encoding apparatus; and an adder for
addi ng t heepregugad sigaele decoded signal corrected by said corrector and

said differentjal ;signal intq a |ossless reproduced sjgnal. In a tenth
aspect of the {ﬂ'%é%ﬂﬁ aisﬂ%trﬂfﬁbﬁPr?i’r?é'ﬂéf“f%’t'ﬁf‘o{hea%lf %\rovﬁii% rrchical | ossless

crcoc 9 RS EEALIoARSERBEAIH AL OILLPH PSSR, L, 1,
L e R
| ow- bi t - r edrapdsingde lovi-bit-rdkconiouer $er shdodimdah inmitsigrenfmdesiv-att a i nto a
| ow-bit-rate decoded signal and outputting the lowbit-
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; a lossless encoder for encoding a differential signal
between the low-bit-rate decoded signal output from said low-bit-rate
- decoder and said input signal, into lossless encoded data, and transmitting
the lossless 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: 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; 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.
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rate decoded signal; a |ossless encoder for encoding a differential signal
between the |owbit-rate decoded signal output from sai dll Ssptdmber 2866
decoder and said input signal, into | ossless encoded data, and transmtting
the | ossl ess encoded data to the decodi ng apparatus; and a corrective

I nformati on extractor for extracting corrective information from said input
signal and transmtting the corrective information to the decoding

apparatus; said decodi ng apparatus conprising: a |owbit-rate decoder for
decodi ng t he II’?)ﬁPt?ﬁ?‘l askert i dbe grrsent inveshpn: tbare isdirpyided &ncodi ng

appar at us i L ows bit-rate decoded signal: | oss| ess decoder for

ooy tidthfsfea et o Bt I8 adibd BPpamtos EaReRRBodt od: ng

appar at us gi ' ' ' . k ' i

Do bt -1 Sngbling dporale B deSddifie apdiaEaEld LRlodbBBaRiS | | () ess

r epr oducedofipgisitlg: adow-tit-e06 eAsbE6r foP encédihh @RLihpek eﬁ%ﬁéﬂ ih@Idhase reproduced

~ signal based on said corrective information. 4d 11 Septenber 2006 In an
el event h saipearicoded data pné dransmitting thé tow-bithatecencodedadata ol tiee hi er ar chi cal

| ossl ess encodi ng and decodi ngitgg ar at us coriH)ri sing an encodi ng apparat us

and a decH8reRind@PRAERAMS a low- Gages fiydenogding saidlow-hitrigte a

GRS X R R A
decodi 0 BRRBKRE 5 cxioth et lenoHhonen o SREBULORLRR bRt e oL

encoded data into a ~deco si'gnal "a Corr ¢ Afor mation
ext r act or skl xd tBALINONG e ESiTetRveliffopiERbh 80 ttld QERcting! abpdtdbid:” Tt ©

decoded signal and transmitting the corrective iInformat to the decoding

- appar at usand arldssles®entats fenencteting ardifereatiaingigmal dichivess atdortectednal

between a corrected lowbit-rate decoded signal produced by correcting the
| ow bi t - r BMebirsategderoded 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: a low-bit-rate decoder for decoding the low-bit-rate
encoded data transmitted from said encoding épparatus 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 a
corrector for 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,

In a twelfth aspect of the present invention, there is provided a
hierarchical 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; a lossless encoder for encoding a differential signal
between 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 low-bit-rate decoded signal.
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signal and said input signal, into |ossless encoded data, and transmtting
the |ossless encoded data to the decodi ng apparatus; and Safapbgeddlfi ng
apparatus conprising: a lowbit-rate decoder for decoding the lowbit-rate
encoded data transmtted from said encodi ng apparatus into a lowbit-rate
decoded signal; a | ossless decoder for decoding the | ossless encoded data
transmtted fromsaid encoding apparatus into a differential signal; and a
corrector for correcting said | owbit-rate decoded signal based on said
corrective inf &t adhirtean egtaf the presealdnventiay thefgisiprovidedadecoded

nvent | on AT oSSl droio ket oot & BRCEERB anrgaabpar at us

conpri si ngs |t : f.er ' i L&l | into
ot bi - RO KR SigRRF T fow brafNER RS o IR LRLERT T

| ow bi t-rab@omgple@lcdtnﬁd@smt|@wabit-%?ynboaé@ QatAmEPde6wIineé ; a | ossless
encoder for encoding a differential signal between the lowbit-rate
decoded sdgoadedsidnakiadossipss escafwlfor emtoding adiffentiairsignidd dat a; and a
corrective information extractor for extracting corrective information
fr om sai dbeBvean therleweitiede degoded signal aud saidispuiesipnal, Nbo B sslassa

thirt th t f th Nt i [ , ot i i ded a,.

hi er ar ohi BAEOTELerEe and B RITRIVE JAMERIRY BORP G IOR SRR e Gt ¢ encoder

f or encodirﬁl(gr ioinnfpéﬂl s%!icgfﬁﬁlut %@E?Il owbit-rate encoded data; a lowbit-rate
OW- D1 T -

decoder for decodi ng sal rate encoded data into a lowbit-rate
decoded si gnal |n & fd s 8sp8aU e brEscP ifdhlion &nerd [s&rBlidedla S gnal

n,
between the low bit-rate decoded signal and said I nput signal, into
| ossl ess - hieraretiedl idatlass @ndodingappatatus omprisinpta low-lsiktate@nebdépr

extracti ngor%ong(r)gi%t ive information from said input s_i gnal .
: g 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 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 outputting the corrected low-bit-rate
decoded signal; and a lossless encoder for encoding a differential signal
~between the corrected low-bit-rate decoded signal and said input signal, into
lossless encoded data.
In a fifteenth aspect of the present invention, there is provided a
- hierarchical lossless decoding apparatus comprising: a low-bit-rate decoder
-for decoding low-bit-rate encoded data into a Iow-bif-rate decoded signal;
a lossless decoder for decoding lossless encoded data into a differential
signal; a corrector for correcting said low-bit-rate decoded signal 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.
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In a fourteenth aspect of the present invention, there is provided a

hi erarchi cal |ossl ess encodi ng apparatus conprising: a |ldvepicinbeaR@ecencoder
for encoding an input signal into lowbit-rate encoded data; a lowbit-rate
decoder for decoding said lowbit-rate encoded data into a lowbit-rate
decoded signal; a corrective information extractor for extracting
corrective information fromsaid |[owbit-rate decoded signal; a corrector
for correcting said |lowbit-rate decoded signal and outputting the
corrected | ow Bl 8spdeenth@spegie thegresentamveriionothare ésp@vidsded for encodi ng

R T L )
oo SIS APB SPr 0hs NS T oA NG s o

| Ove DI T - 1 3li@sHOGOGES IR 6t detidliny lo9¥iels kntadéd HaeOHRSa Hiffightiala | 0SSl ess

decoder for decoding |ossless encoded data into a differential signal; a
cor r ect or signal; @aradeizr fogadding shidMow-bit-raat eededeod eiynzil gndlsajdased on
corrective_information;, and an adder for adding the |lowbit-rate decoded

si gnal cofliflecerdial pignehinto adessiessorepsediiced signilf aed erndrggctarifgnal into a

| ossl ess reproduced,signal. 4f 11 Septenber 2006 In a, sixteenth aspect of
t he preseﬁ?rrgﬁ!f@rﬁ‘?’ lps ??@rrépr%d%ﬁg\ﬁ‘%@gbésﬁﬁjépeﬁ%ﬁc@&? infgEaalil: decodi ng

cheaded dat a | 18 Aot 5sbiert oFlR s BRCE e, iRds BB e, For
decoding_hRedchRa) RASRAS Endalifg HoaratudhbUfigR bidiiramiMpPBALbIRYa adder for

adding said lowbit-rate deco I gnal and~sa erenti signal into
a | ossl eseomppre@wgeﬁoﬁhwbmg@df: @n@@dr’h?%irpfhpﬁ@éignﬁhhf&l@tﬂ-lﬂiﬂ-rﬂ@l d lossless

reproduced signal based on corrective intormation.
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
decoded signal and said input signal into lossless encoded data; and
extracting corrective information from said low-bit-rate decoded signal.
In an eighteenth aspect of the present invention, there is provided 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; 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.
In a nineteenth aspect of the present invention, there is provided a
~ hierarchical lossless encoding apparatus héving-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

decoded signal; extracting corrective information from said low-bit-rate

decoded's_ignaf; and encoding a differential signal between a corrected low-

4g



In a seventeenth aspect of the present invention, there is provided a

hi erarchi cal | ossl ess encodi ng apparatus havi ng a progr dhSeptembea®iddong a
conputer to performa process of: encoding an input signal into
low-bit-rate encoded data; decoding said lowbit-rate encoded data into a
low-bit-rate decoded signal; encoding a differential signal between said

| ow-bit-rate decoded signal and said input signal into | ossless encoded
data; and . extracti,ng corrective informatjon fromsaid |owbit-rate decoded

signal . | Ritigfedenrdes signal ppRraycediby ¢Irentivgsaid [awBRraterdeqodede i s provi ded

corput er B ILFARATR S R oRRES FreaR ke S gnat nco o
owr bi t-rate  pig adadiciRalped A4 Bl thyfifoh] hiefdlyBliagdlel data into a

|l ow-bit-rate decoded signal; encoding a erenti al 'signal between said

| ow bi t - r hieearchieabldesless gaabding dpparatus havingsa prRJraimToPehdSIFigess encoded
data; and extracting corrective information fromsaid input signal. In a

" hi net eent ¢tpmpypiet to perfome aprosess of: peitinghierarchical lossiess endededh

hi erarchi ¢cal | ossl ess encodi ng apparatus having a programfor enabling a
conput er YYASOMRISRGIoN-BEEate eicoded dalarlgssiass rpeeded dafal andt o
lowbit-rat encoded data; decoding,said |lowbit-rate encoded data into a
| owbi t - r‘g‘%fged'as&'g@éf&a@?'br%ﬁ@%gﬁ Sr‘ad‘g{(?"ﬁ"&?tér@?‘? EE?QQF@%?F%'? F’f’d‘ﬁ fromsaid

| ow bit - rgt. j ; j J r i si gnal between a
correcte f?&e%ﬁ??@@gﬁ%ﬁﬁ&cc%\%ﬁ?ﬁl -S!%tsge é’f‘:’%@é‘%ﬁs?@é\% produced by

correct i ngifferintial Sighal bnd FofredBsP oS I6Wdetatd Hdcoatd sighBHbasdPpr! . into
| ossl ess encoded data. In a twentieth aspect of the present invention,

- there is saideodedive inforavaicchandthdreaftéeaddidg tlosl cogeatpddovathitsratevi ng a
program for enabling a conputer to performa process of. inputting '
hi er ar Chid,egodpgssggn@g angdrigididiiferential signal into a lossless reproduced signal.

In a twenty-first aspect of the present invention, there is provided a
hierarchical lossless decoding apparatus having a program for enabling a
computer to perform a process of: 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; adding said low-bit-rate decoded signal and said
differential signal info a lossless reproduced signal; and
correcting said lossless reproduced signal based on said corrective

- information.
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data conprising lowbit-rate encoded data, |ossless encoded data, and
corrective information; decoding said | owbit-rate encodédegatder 2000 a | ow
bit-rate decoded signal; decoding said |ossless encoded data into a
differential signal; and correcting said lowbit-rate decoded signal based
on said corrective information, and thereafter adding the corrected

| ow-bit-rate decoded signal and said differential signal into a | ossl ess
reproduced signal. In a twenty-first aspect of the present invention, there

is provided a hierarch [ havi ng a program
for enabling a conmput {aBrm?cl): bp%?’?c‘ﬁﬁﬁﬁf@%%ﬁ%égl ng hi erarchi cal

| ossl ess encodedriqdficta BRIBR dise hi/a : |.0ssl ess
encoded dat a, andg correcti vdelé%’r%?nolr]ﬁé?clagﬁ?ﬁ@ﬁe@(l)ﬁl[éﬁgl%g‘gﬁagﬂatsglﬁ-sgi t-rate
encoded dafeacbding #pga@dtusbi t -rate decoded signal; decoding said | ossless
encoded data into a .differential signal; adding said |lowbit-rate decoded

signal and sai d Figli 2 fsea bluckaliagragnet a coheemidnas$ BlepsthicaPigadiesed signal ; and

- correcting said | ossless reproduced signal based on said corrective

i nf or med i oecatingapPapatesper 2006 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
is a block diagramof a conventional hierarchical |ossless encoding
appar at us; Fi g. F19.i%isa blogk diatiragy efa bierarcbial tostsless aincbiizigar chi cal
| ossl ess- 5 decodi ng appar at us; Fiﬂg}. 3 is a block diagramof a hierarchical
| ossl ess efiPBAaYS agepraing toa tist emiiadiment of themsesenttimesntiont of the present
invention; Fig._4 is a block diagramof a hierarchical |ossless decoding
appar at us accor dithdt B Pieek diagsamesfiahierasehical losalesp deseding nvent i on:
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 lossiess 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 biock 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 OUT THE INVENTION
Embodiments of the present invention will be described in detail
below with reference to the drawings. Fig. 3 is a block diagram of
hierarchical lossless encoding apparatus 1 according to a first embodiment
25 Qf the present invention, and Fig. 4 is a block diagram of hierarchical lossless

- decoding apparatus 2 according to the first embodiment of the present




10 Fig. 5is a flowhart of a processing sequence of corrector 207; Fig. 6
Is a block diagramof a hierarchical |ossless encodi ng dp@Eapembsr 26060r di ng
to a second enbodi ment of the present invention; Fig. 7 is a block diagram
of a hierarchical |ossless decoding apparatus according to the second
enbodi nent of the present invention; 15 Fig. 8 is a block diagramof a

hi erarchi cal |ossl ess encoding apparatus according to a third enbodi nent

of the present invention; Fig. 9 is a block diagramof a hierarchical

| ossl ess dgnedting, apparatus according to the third enbodi nent of the
present invention; and Fig. 10 is a flowhart of a processing sequence of

corrector 208. AZGHIRATINNEGES Fe-£ramRY| ngﬁl@%%er ggﬁih@%ﬁdﬁ f£rbodi ment's of

the present invention will "be described h reference to

the draw ngsmpFises ifput termibaloo, e ditadite bnedded? 11C e cérﬂﬁ?hgétﬁr encodi ng
apparatus 1 according to a first enbodi nent 25 of the prese I nvention,

and Fig. 4102, iawsbibrate dieggder 08, lossiess ehteddr 10aS shRestivel pEeFhabrAPPAr at us
2 according to the first enbodi nent of the present 5 Il Septenber 2006

i nvent ion. SAsAAALRY i adder ADD], dutpubteciminas 1085806;5108; pRadeperdRpar at us 1
conprises input termnal 100, lowbit-rate encoder 101, delay conpensator
102, | ow BMEIIER Kl ddigtarehicablossless lemcodinganparati6 4, aceordingg ftovhei nf or mat i on

5 extractor 107 aﬁdar ADEE ogtput term nal s 105, 106, 108, and recording
medi um K1. PrEPERtemRpdiment siffers drona the epnventiopat apparatusshawnimBig.d t he

present e om the conventional apparatus shown in Fig. 1

i i ff fr.
et et caPtal S tedtve dThimalion Xt Retor J07 oMputraAl IdGendl 108, and

recording medium K1 are added to the conventional apparatus. Heéording
10 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 encoding apparatus 1. 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
15 information extractor 107, and adder ADD1 on the computer.

As shown in Fig. 4, hierarchica! lossless decoding apparatus 2
¢omprises 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 combrises 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

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



recordi ng medium K1 are added to the conventional apparatus. Recording 10
medi um K1 conprises a di sk, a sem conductor nenmory, or dn®epembeczinsdi ng
medi um and stores a programfor enabling a conputer to function as

hi erarchi cal | ossl ess encoding apparatus 1. The programis read by the
conputer and controls its operation to realize lowbit-rate encoder 101
del ay conpensator 102, lowbit-rate decoder 103, |ossless encoder 104,
corrective 15 information extractor 107, and adder ADDl1 on the conputer. As

shown in Fiogy én%%geég%\?ﬁégétﬂ,?%@b,ﬁlfe_rdecodi ng apparatus 2 conprises

i nput term nals tate decoder 201, |ossless decoder

203, corr ect or Srafiel i BRuscb A IS Flkinddaiagd T ecording

medi um K2. Hi erarchical |ossless decoding appar %W‘ng 20 to the

present - embodi merediié Giferhedch REaGBR AT ARALARRRIKIS RIS Fi 0. 2

in that corrector 207, input termna recordi ng dded

to the conappaiatusl eﬁdﬂﬁ@f@é@fﬁectﬁéﬁﬁfoﬁinaﬂoﬁr%@'irtj‘v%%]of‘é)ﬁ%&rﬁ% Grorfsk. 2

sem conductor nenory, or another recording nedium and stores a program

for endbl i loy-biteatepdecader d 0BUrarizolowabit-raterdticelibg digr $8ataas Beurfecodi ng
apparatus 2. The (j)ro ramis read by the conputer and controls its
“operation taculaiad by lowhitbiate dacedatckOddarthe 8ame wanhes as teesterire 203,
corrector 6 11 Septenber 2006 207,- and adder ADD2 on the conputer.
Oper at i on 8hd OHEUSS seeactivarindermalion ritb loutputdescinabt08.b Gopctivéor r ect i ve
I nformation _extractor 107 in hierarchical |ossless encoding apparatus 1
extracts cHferaRtOpIXiMayEmRionAa vielug represaated by lowsdrdenivebitsoof of 5

|l owbit-rate decoder 103 froma. lowbit-rate decoded signal that has béen
cal cul at ed>HyP 99#331"? Q?Qtl‘éw'giﬁfc@é%ﬁeﬁ@@d signak 1 threabsoluter value 0ér et of or e,

and oytput ﬁmaﬁﬁ’ﬁﬁrﬁ%r}o\fs c::if réflg\ﬁvgﬁ-iracfg dre)c(;oégd g}cj;]tn%lljitn tt}'ngrerp;crc])?:llinglggbarg?ursr eotive
and a low-bit-rate decoded signai in the decoding apparatus is represented
by E, then M satisfies the following formuia:
2E+1s2M (1)
If the bit width of the sampled value of the low-bit-rate decoded signal
15 is N bits, then 0 < M < N. Though the absolute value E of maximum errors is
preset in the present embodiment, the absolute value E may be variable
"depending on the amplitude of the input signal. If the absolute value E is
variable, then the setting information of the absolute value needs to be
indicated to the decoding apparatus through a transmitting means or a
20 recording medium. The number M of bits of corrective information rx can be
smaller as E is smaller as can be understood from the formula (1).
Therefore, the number of transmitted bits can be reduced by makfng E
variable depending on the amplitude of the input signai and transmitting
corrective information rx having the number of bits depending on E to the
25 decoding apparatus. Low-bit-rate encoded data, lossless encoded data, and

- corrective information rx that are output from respective output terminals




I nformation rx may enploy a value represented by |loworder Mbits of a
sanpl ed value of a lowbit-rate decoded signal. |If the dbseptetmben2006e of 10
maxi numerrors of a lowbit-rate decoded signal in the encodi ng apparatus
and a lowbit-rate decoded signal in the decoding apparatus is represented
by E, then Msatisfies the following formula: 2E+ 1 5 2m...(1) If the bit
wi dth of the sanpled value of the lowbit-rate decoded signal 15 is N
bits, then 0 <-M < N Though the absolute value E of naximumerrors is

[ ' bsol I b I abl
Gepending oot KBS of HRBenseel losh B3 BPEBglhaaprarating aWlipittedval ue E i s
I abl e, ; L ' | fankn bsol I ds to b

i cat ot [ORSVEY B b e iR, Hhed ook o RO Soans or a 20

recordi ng geehd r%ﬁ@mg@er Mof bits of corrective information rx can be
smal ler as E isﬁg er as can be understood fromthe formula (1).

vari abl e dependi g o Chy SroraeeLPoReS RelFnb AR S AT i 0
cor r ect$ velowbitsrars degoded éighélrlﬁléméteﬂtﬂﬁ)l%w-ﬁﬁ-ré’ﬂetcfec‘éﬁPF’ngl ROy E to the

25 decodi ng apparatus. Lowbit-rate encoded data, |ossless encoded data,

and _cor r esaineemanher amhemiofore, asedairecOvé stive ihfaPMatieh Pﬁﬁ’fﬂdf%dcf’rtfrﬂm
termnals 7 11 Septenber 2006 105, 106, 108 of hierarchic ossl ess

encodi ng ajppst tarmnal 206; andmutpes the esprectédielwbit-eatirRbdea SRRl S 200,
202, 206 of hierarchical |ossless decoding apparatus 2. Corrector 207 of
hi er ar chi cihe ceFertasklodebibtitagiespdad signal 2nda diffetential signhbealbilbtddt
e B bbbl o socius s ™ ™
10  other by adder ADD2, and the sum is output as a lossless reproduced signal
to butput terminal 205. Corrector 207 operates per sample of the low-bit-rate
- decoded signal. An example of operation of corrector 207 will be described
in detail below with reference to a flowchart shown in Fig. 5.
As an initial setting, mt is calculated using the low-order bit number M
15 according to the following equation (2) (step A1):
mt=2" ~(2)
Value xhigh represented by high-order (N-M) bits of input value x and
value xlow represented by low-order M bits of input vaiue x are calculated
according to the following equations (3), (4) (step A2);
20 xhigh = x & mhigh ~+(3)
| xlow = x & miow +(4)
where the symbol "&" represents a logical product for bits. mhigh and mlow
are mask patterns, and calculated according to the following equations (5),
6): |
25 mhigh = - mt - »+(5)

mlow =mt - 1 ' (6)




I nput term nal 206, and outputs the corrected |owbit-rate decoded signal.
The corrected | owbit-rate decoded signal and a diff erefdfiSaptesibgn2006
calcul ated by |ossless decoder in the sane manner as heretofore are added
to each 10 other by adder ADD2, and the sumis output as a | ossless
reproduced signal to output term nal 205. Corrector 207 operates per
sanple of the lowbit-rate decoded signal. An exanple of operation of
corrector 207 will be described in detail belowwith reference to a

R, SR o M gt o 4
: - : .gh- t
of 1 nput ST oM ow- btk otEey 200 ARRE BTN B bty mUibitstor | nput

| fofl i ' ' 3),
12) %20 Xl o Pt Grifhal RO6 P Sndel i Sxc B B (e . e Yol

s’ ) ol (O ow ! ‘ y
pat torns. ot Al ou ot ol nen 8 ey e driot TREE ATy SRl R ™ (). o5
mhi gh 5 - A8, it is ¢heckeldamhethst or ndt a catrflocclirsldn BRILGIGRer %lQlQ-ﬁ)tP\fﬂ{ ue x| ow

of loworder Mbits of the lowbit-raté decoded signal output’trom
| ow bi t - r avlthedowest-ra2® Hesoded sighat tiug ¢o anfargrat i on rx inputted frominput

term nal 206 are conpared with each other to check if the inequality (7)
shown bel ow i s ¥law s etk or not (step A3). Specifi e@)ly, in step 5 A3, it
I s checked whether or not a carry occurs on the loworder (M:l)th bit
If the inequality (7) is satisfied (Yes in step A3), then it is judged that a
carry occurs on the low-order (M+1)th bit due to an error, and output value y
10 is calculated according to the following equation (8) (step A5):
y = (xhigh - mt}|rx -+(8)
‘where the symbol ")" represents a logical sum for bits. According to the
equation (8), the effect of the carry occurring on the low-order (M+1)th bit is
eliminated by xhigh - mt, and the 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 Ad),
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 oceurring on



of the lowbit-rate decoded signal due to an error. xlow + E <rx ...(7) If
the inequality (7) is satisfied (Yes in step A3), then ill Septejnbeig2D6t hat a

carry occurs on the loworder (Mrl)th bit due to an error, and output val ue
y 10 is calculated according to the follow ng equation (8) (step A5): y =

(xhigh - nt)Jdrx .10) where the synbol "I" represents a | ogical sumfor

bits. According to the equation (8), the effect of the carry occurring on

~the loworder (Mrl)th bit is elimnated by xhigh - m, and the | oworder M

secoats s/ SIS R o S g

satisfied . i i bk WENE: ] ity (9)
Shown bel on; o aset SxCReKiid Btoplt viefy IBERige LA 5] bl Poie AR 1)
checked mhslgn@tirnhe@icoaidgogﬁwagysc‘urs on the 20 loworder (Mtl)th bit due

to an error. rx<xlow- E ...(9) If the inequality (9) is satisfied (Yes in
~step A4), then iftthesngqueitingd(9)ehobsatisfictlqNoIA GUE ALY thER it i r (ML) th
" bit due to an error, and ﬂ gut val ue yqiNs cal c‘ﬁl areﬂ acclo’hﬂg to the

fol | owithg Hwpiaeitber ¢drdy nosbemowccurSon thie (owbeter tMAL1)H Bit, and dUkBAL .
According to the equation (10), the effect of the borrow occurring on 9 11

Sept enber  YalDg y isiealaulated adeording 19 the taillowirg equationatieyl (dtgpAB)gh + nt, and
the loworder Mbits are set to rx, nmaking output value y identical to the
lowbit-rate de¥&Hghl&f gnal in the encoding apparat{ts) 1f the inequality
(9) is not satiified_(m in step M), then it is judged
ccording to the equation (11), the low-order M bits of the low-bit-rate
decoded signal are set to corrective information rx, making output value y
10  identical to the low-bit-rate decoded signal in the encoding apparatus.
Output value y thus calculated is inputted to one of the input terminals of
adder ADD2. Operation 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). ifN =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 foliowing table:

10



5 that neither carry nor borrow occurs on the |loworder (Mtl)th bit,
value y is calcul ated according to the foll ow ndlégpttnben2q061)
(11) According to the equation (11),
decoded si gnal

out put
(step A6): y = xhighlrx ...
| ow-order Mbits of the | ow bi

I nformation rx,
decoded si gnal

t-rate

maki ng out put value y 10 identi cal
I n the encodi ng appar at us.
is inputted to one of the input term nals of

CQut put

and

t he

are set to corrective
to the lowbit-rate

val ue y thus cal cul ated

adder ADD2. Operation. of

corrector 207 has been descri bed above with reference to Fig. 5. Using
nunerical exanples of the above correcting process will be 15 descri bed
below in relation to corrections according to the equations (8) and (10).
If N=16, M= 3, E = 2, for exanple _then xlow ranges fromO0O to 7, and rx
can take 5 (= 2E + 1) types cf)'smgj ueg shown in the following table: 10 11
Sept enber 2006 xlow rx O O, 1 1 012371 20,1,2,3,4 31,2,3,4,5
4 2,3,4,5,6 5 3,4,5,6,7 6 Q,4 5,6, "01728,71,5,6 7 For any of conbinations
of xlowand rx in the above tlable sattisfythe 5Slinequality (7) or (9),
e.g., for xlow=0, rx = 6 or >1Iow=‘(7ﬂl 7= 1, {he high- order (NM bit
val ue xhi gh of the |ow bit-rate—decodieddSignalin the decodi ng

2 0,1,23,4

3 1,2,3,4,5

4 2,3,45,6

5 3,4,5,6,7

6 0,4,5,6,7

7 0,1,5,6,7

5

10

15

For any of combinations of xlow and rx in the above table satisfy the
inequality (7) or (9), e.g., for xtow = 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 vaiue xhigh needs to be
corrected (xhigh-mt, xhigh+m) according to the equation (8) or the equation
'(1'0). 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 vaiue 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

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

- be reproduced in the decoding apparatus, usinlg corrective information and
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apparatus is not identical to the high-order (NNM bit value of the
| ow-bit-rate decoded signal in the encodi ng apparatus dusepenibbe2@fsf ect of
an error E. In order to correct the error, the high-order (NNM bit val ue
xhi gh needs to be 10 corrected (xhigh-nt, xhigh+m according to the
equation (8) or the equation (10). Since corrective information rx
represents the |oworder Mbit value of the lowbit-rate decoded signal in
t he encodi ng apparatus and the corrected high-order (NNM bit value is the

Th the: encit Saredsd Hiottbrdéy (@i—&tghéﬁ"v%ﬁe?LAgéo“ré@'gfyﬁ%%ta&@a%EtS%ﬁZ"deddsi gza'

I bit. . : _ : :
the decod Ry Sssneatraradan e P puTRe deprgres roadins Iapg%aitﬁ éé;:ﬁﬁea "
2 h el ; I G ' .

p?gg es tsri ﬁgﬁg(?: ?:iﬁf ggbﬁgﬁﬁphgcﬁgév&)@w% é@g}bét\é%k)édj QPcﬁe%ﬁﬁg%gﬁggm'ﬁéegpparegt Ls ©
appar at s, P SRR HHERTS ol bt bRl ire prREnt étiho dlobeth, “or oceas

apparatus are different fromeac g process 5

makes tthe makebithe tmbitda@@@fbcﬁhg:i%\hélsiiﬁtﬁ@én@dﬂ?ﬁgbpﬁ%%t?ﬁsgéﬁﬁ‘Eﬁ and the

decodi ng apparatus identical to e ot her, thus oss?ess

r epr oduceddadagtiag apparsdtiis mlentioalttb @achmthes ilgliemakiNythbapsgadedi ment of the
present invention will be described below wth reference to Figs. 6 and 7.

Fig. 6 is reprvdigedssignalddenticahtdiheriapubsigabl. . 10 | ossl ess encodi ng appar at us
according to a second enbodi nent of the present invention, and Fig. 7 is a
bl ock di agr am ofA\nather eémbaskmeant ofi the giresant ideentitinngilldEpdestribeddrtowdi ng to
the second enbodi nent of the present invention. Hierarchical |ossless
encodi ng a¥iareleance tg Kgsthand 7riRjg. 6 isiablesksdiagmnt pbentigrarchicadi cal
| ossl €95 8¢ di ng a&Par atus 1 shown in Fig. 3 in that the
0ssless encoding apparatus according to a second embodiment of the

present invention, and Fig. 7 is a block diagram of a hierarchical lossless

decoding 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 Kia 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 108, 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
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I nput applied to corrective informati on extractor 107 is a del ayed i nput
signal output from delay conpensator 102 and recordi ng1inSdptemb&120061 S
enpl oyed instead of recording medi um K1. Recording nmedium Kl a stores a
program for enabling a conputer to function as hierarchical |ossless
encodi ng 20 apparatus 1 a. The programis read by the. conputer and controls
its operation to realize lowbit-rate encoder 101, delay conpensator 102,

| ow bit-rate decoder 103, |ossless encoder 104, corrective information

t t . Hi ' I I
decodi ng. oot of B B4 ddde S0 MniRARGlr otfofgidts A endercllitio
I I d ' : i Fl in that it ' t lied t
correct or 307 L et BREEatdng AU IBa 5 Bmefoy el hafae q'*ﬁgcér%ﬁv‘igl %28; 'eﬁbgr"
2006 t I ' ﬁ.;gemg A
203 tooueggﬁdg{mhewgﬁgo@ecor ngq%ﬁ%%%pf@g%gééa%ﬁ?ZZdegfs seotet
recor ding comgutensAundiencischiatrofeaHEsKE3s 8besding AoRERLa Bl Ofpénabl ing a.

conputer to function as hierarchical |ossless dec g apparatus 2a. The 5

prograi i sprogaambiy rédtbby ¢ ooBputR ArDESHRIIS its bﬁeﬁm@h%ireafiiz%wshi ze

low-bit- rate decoder 201, | ossless decoder 203, corrector and adder

ADD2a on tefte deooger 201, |éssidescdevoder @08, bosetior 202 et hadecPRDDR & 1 a,
corrective information extractor 107 has it input supplied as a del ayed

i nput si gri¥e GuNRWIERt ed by 10 del ay conpensator 102. Corrective
I nformati on extractor 107 extracts corrective information (e.g., a value
represented by iHeerasehisaldesslesseneoding apparates dpedoiredtive isfamationf r om t he
Tow bi - dbiiastrolEihas it supelra e dslayesiiia sional saldgitabby 103, and
out pu&ﬁ t h(felﬁfl’ E(r)%%teingaetoir %gr r(’cflc}rirecérrt]ivte?n o%gﬁctm te%rerpc.ﬁrcl)?u 07 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-hit-
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 differentiat -
signa! calculated by lossless decoder 203, using corrective information
20  supplied through input terminal 208, in the same manner as with the first -
embodiment, and outputs the corrected lossless reproduced sign)a_ll. 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
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‘recording nediumK1l, corrective in

15. 108. In hierarchical |ossless decodi ng apparatus 2a, corrector 207
corrects a |ossless reproduced signal, which is producdd Soytcatichi 2096t he

|l ow-bit-rate decoded signal calculated by |lowbit-rate decoder 201 and the
differential signal calculated by |ossless decoder 203, using corrective

i nformati on 20 supplied through input termnal 206, in the sane manner as
with the first enbodinent, and outputs the corrected | ossl ess reproduced

.signal. Since the error in the lowbit-rate decoded signal is the sane as

Si gnal | becSHA” Figh 818 a0t SRERAH R afgiea léﬁ'%ieﬁ'bs{’%ic'q:cﬁég %ﬁgérza‘i’iﬁ‘éfgducid
Thi'ra enbodiiackeroato (9.3 i R efT Ok WPhorivaliE, MR 0rS kol 13

Toseloss. onesharaRfotilorirtficnPiosRiess Begodind APRPMS sAGRIRD G e

present i nugNhirgemBeWineng of the ﬁre%enphgghﬁ&;\_agr am of hierarchical |ossless
the t

decodi ng "apparatus 2b according to third enbodi ment of the present

[wentipn. S H Pliseritica lodstosy aicodily afpaataP PRISAbIR ih g g amerd n Fi 0. 8

differs fromhierarchical |ossless encodi ng apparatus hown in Fig. 3 in

that it haforclierachioal d3§less eﬁco@ihgmprmfbj\tuw@htd@vﬂ {h F@?ggu%ﬂ 8 seagdof
ormati on extractor IS enpl oy

i nst ead of corcestoet10,wecording nedivm KN isaarhpioydd Thstead ohdsssrdifgDL b is

~enpl oyed instead 10 of adder 1. Recording nmediumKl b stores a program for

enabl i ng amedimm itle corectveninforomation extaciorctOLislerhployeddisstead ofli ng
apparatus 1 b. The programis read by the conputer and controls its
oper at i on €Yre@ieiinlermaiiomiextraetor d 0énand arddenAPDid isyeroployed drstead 102,

| ow bilt o' a(t)te ac?c?ecrc%qelﬁecloorgingl r%sééliuen? ?(1 b 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 lossiess 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 emp!oyed.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
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encoder 104, corrective information extractor 109, corrector 110, and adder
15 ADDL b on the conputer. Hierarchical |ossless decodi g Sspraibat 26062b
shown in Fig. 9 differs fromhierarchical |ossless decodi ng apparatus 2
shown in Fig. 4 in that corrector 208 is enployed instead of corrector 207
and recording nedium K2b is enployed. instead of recording nedi um K2.
Recor di ng nmedi um K2b 20 stores a program for enabling a conputer to
function as hierarchical |ossless decoding apparatus 2b. The programis

tecoder 20 PRIEIEHRBHb AR indh8 samelnBBBETas S Bardbouacer ABpoa on t he
ot or mat i of M SESTEE oS e ARER R ABEAeR rhia pwhlkxpr esecd by
31 gnal’ cal SRl SPgI TR dn oL Y T b ME R er 103 1 n
cor rocti ve § hTor et pict by SETRiR P PECOERISR AR SR RS, Ot ve

i nf or med i oBamplatvalte of tes Icﬁ\)ﬁbﬁfﬁ’é@débod‘é?'é@nég]egfﬁ@%gﬂgﬂsitt he single Mh

bit counted fromthe |loworder bit of a he lowhit-rate

decoded si gomprisdéithd firet bitdM shiisfiesaRgRIbosEJolm@al(1y.st bit. Msatisfies the
above formula (1). Corrector 110 corrects the loworder Mbits of the

lowbit-rate dEGougetbrsiighedrrenis the Iow-orddr Mvbits of s RwIBRSSRT 103 by
applying a O mask thereto, and outputs the corrected |lowbit-rate decoded

si gnal . 10deetiad sigmal autput fromdow-tii-faite devoded 163 Dﬂfﬂpplwig agembskg the
di fference,  between the delayed i nput signal and the corrected lowbit-rate
decoded si§greIP, anthoutnuip the apreetedowit-rateydatodsd signatied by | ossl ess
enCOdelro 104, 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 lossiess encoder 104,
which outputs lossless encoded data to output terminal 108.
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 embgdiménts, 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 = 2¥,
ti=E-1,and
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whi ch out puts | ossl ess encoded data to output term nal 106. In hierarchical
| ossl ess decodi ng apparatus 2b, corrector 208 corrects I1¥eptemben@ni t-rate
decoded signal calculated by the lowbit-rate decoder 201 in the sane
manner as with the above enbodi nents, based on single-bit corrective

i nformation rb, and outputs the corrected |lowbit-rate decoded signal. The
corrected lowbit-rate decoded signal is added to a differential signal

cal cul ated by | ossl ess decoder 203 in the same nanner as with the 20 above

enbodi ment s, anﬂ}gg{,‘pyﬁs the sumsignal as a |ossless reproduced signal to
out put term nal "205." Afm exanpl e of operation of corrector 208 will be

descri bed | ] 4 ; rt shown in Fig. 10.
a1 al R E@etod BORGM IO of S BERGRObE N aud ERBmdRRToR 06 % hem -
E are cal th@;?g%)_USi ng the | ow order bit nunber Mand the maxi mumerror E
(step 61). Value xhigh represented by high-order (NNM bits of input val ue

x and 5 val ue ¥ XIG8h PE6Es8HEMLY ﬁgpg{)rg%“pﬂrww{& &finéu er!r%%gléﬁa X are

calculated in the sane manner as I'n e above iments (step

62) . Tren, valabudow representegtsoadoreer |NPWrt9bf‘ﬁfpu%)Qiub%< ae %egﬁgﬁfé%ﬂin"“ th

- threshold value t1 to check if the inequality (12) shown wis satisfied

or not (sthepsedBy mahresridsiinatdpy A2iih the abbes katbodirpehsr (sip B a carry
occurs on the 10 loworder (M+l)th bit due to an error. tl < xlow ... (12)
Then, value xlow represented by low-order M bits is compared with
threshold value t1 to check if the inequality (12) shown below is satisfied or
not (step B3). Specifically, it is checked whether or not a carry occu'rs on the
10 low-order (M+1)th bit due to an error.
t1 < xlow «{12)
If the inequality (12) is not satisfied, then since there is a possibility
‘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 B5).

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 b, 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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If the inequality (12) is not satisfied, then since theri possibility
that a carry occurs on the loworder (M:l)th bit, it is ﬁ@E@E@e Lher
single- bit corrective information rb is an upper limt ("1 ") or not (step
B5). 15 If single-bit corrective information rb is "1" (Yes in step 65),
then it is judged that a carry occurs on the |loworder (Mtl)th bit, and
output value y is calculated according to the equation (13) shown bel ow
(step 87). Specifically, in step B7, the effect of the carry due to an

a1 S ey, F b ML

t put
o Gl cul af BB ¢’§?’%§°‘{9‘3"FR’D‘”£&%§ 3 or 1 WhE o Tr@ls. i8ep ooy
Speci fi cal bieckdd ﬁh@ﬁhe%r étﬁl g’b@ Bﬁlﬁﬁth@i’aﬁfotr{#w gﬁ@ﬁ'{st&rr&eefgmt order M

bits of the lowhit-rate eco ed Sl ut fro Y5 decoder

201 to "0"orderdN:aYh bivdde ¥ha8@rror, (14) 16 11 September 2006 If the
answer to step B3 is Yes, then it is checked whether the |nequaI|ty (15)

shown Kel ow i s siw sfthed or not (step 134). That is, it.. checked whet her
or not there is a possibility that a borrow occurs on the ow or der
(Mr1)th bit duelfitbe ivequalityr (155 ischolvestisfied, théﬁ)smdefthteﬂ?ls'é‘g@ﬁ@ibil’m’ (15) is
not satisfied, then since there is a possibility that a borrow’occurs on

t he | ow or et a(bﬂme pceirs oni theilewedrdek éd+ Wite biteit is cheukled-héthepr r ecti ve
information rb is a lower |limt ("0") or not (step 66). If single-bit
correct i veSingledihaonr eptivedniosmation rbishadower limit j('0dercnathstepB6EILO bor r ow

occurs, and outﬁ al ue i s calculated according to the equation
single-bit corrective information rb is "0"), then it is judged that a

10  borrow occurs, and output value y is calculated according to the equation
(16) shown below (step B9). Specifically, 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 ocecurs on the low-order (M+1)th bit, and
‘output value y is calculated according to the equation (14) (step B3).
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 apparatds and the decoding apparatus are

made identical to each other, thus making the lossless reproduced signal
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(16) shown bel ow (step 69). Specifically, in step B9, the effect of the
borrow is elimnated. y = xhigh + nt ... (16) If singl e1l3chtee®er BIDGI Ve
information rb is "1 " (No in step 66), then it is 15 judged that neither
carry nor borrow occurs on the loworder (Mrl)th bit, and output value y
is calculated according to the equation (14) (step 68). Operation of
corrector 208 has been described above with. reference to Fig. 10. In
steps BY, B9, xhigh is corrected for the reasons that as with the first 20
and second;ghagli jgh-order (NNM bit value xhigh of the
corrected 1owg| ttgﬁg%gqp&ggqu@é signal in the decoding apparatus i s not
identical to thenbigmg fini Infi | : e
lowbit-rate decoé—g@‘ %rgﬁglltégﬁgl}%)ﬁ'gbfé%éé@kl ngéﬁaalgg’gr"gh%H%&%%Poseet%hggef fect of

an error  bmbofRantd] élidstddundhid SR BRI BIbAE. PAERTRG thife il °Ct e

low-bit-rate 25 decoded signals i'h the encodi ng apparatus~an e decodi ng

appar at us - @mbodimelt, idemirmber of ISitcadbrisdioe infbitHaticikt 8% hP&I ligies! ess
reproduced signal 17 11 Septenber 2006 identical to the 1nput signal. The

nurber Sof independently sfenaxivrin ehor ERibndrhenteithe hdmbdr ot bitateqgirspnd
enbodi nents, varies depending on maxi numerror E. According to the third

enmbodi ment for tiaasmitlibg thetotrettiveoinfaroratientis weducetior mation rx is 1 at all
times 5 independently of maxinumerror E, and hence the nunber of bits
required for tAeeaingtorihereserdimeantiongas discnixad inndétail mbduegitie Accor di ng
to the present invention, as described in detail above, the corrective
i nf or mat i oFPTESGLVEdRtgrmation patracienin e enneding apparatusaexteads cowectivee
information,in view of a Imaxi mym error that can occur in the lowbit-rate

information in view of a maximum error that can oceur 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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10 decoder fromthe lowbit-rate decoded signal, and the corrector in the
decodi ng apparatus corrects the lowbit-rate decoded si dn&epleaded20m6 t he
corrective information. Therefore, the lowbit-rate decoded signal in the
encodi ng apparatus and the lowbit-rate decoded signal in the decoding
apparatus are nmade identical to each other, thus making the | ossless 15
reproduced signal identical to the input signal. 18 11 Sept enber. 2006
SCOPE OF CLAIMS 1. A hierarchical |ossless encoding and decodi ng net hod

i gnal ﬁ?ot I‘ﬁwfi,?gi %E#; 2202‘365&3@%%@? s %oi@ gtﬂhgwbgtpltt e
et een a | ow bi' - r ot SLHSHH SeBiYSs epFaNTD A, :
Ibg\t/\FV\ﬁE?-?aLgx ;Igliég;;fggé ecgpd sa|§ [ ant Si gnal§e| nto Fﬁy ess encoded

data, and tra?sm ting t [ ossl ess encoded 10 data to the decoding

apparatus; and extrag aﬁ@n@gaﬁ-@oéﬁ%qaﬂugf ormation fromsaid [owbit-rate
decoded signal and transmitting the cofrective information to the decoding

‘apparatsis; in the deaegding saPnpuBsYRal iHRCBW- mrét%ﬂc%ea dat%%tn@ encoded

data transmtted fromthe 15 encoding apparatus into a it-rate
decoded si gaasmitifrerthdi log-bibeateasrioded dens asladedatim tép?p”a?ra’zdst ed fromthe
encodi ng apparatus into a differential signal; and correctl ng said
| owbit-rate decodedencenting abdifferbrdial sigaal Isstweentd owv-bifrata@édodad
transmtted from sai d encodi ng apparatus, and addi ng

signal produced by decoding said low-bit-rate encoded data and said input

signal, into lossless encoded data, and transmitting the lossless encoded
10 data to the decoding apparatus; and
extracting corrective information from said low-bit-rate decoded
signal and tfansmitting the corrective information to the decoding apparatus;
in the decoding apparatus,
. decoding the iow-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

19




20 the corrected |lowbit-rate decoded signal and said differential signal
into a |ossless reproduced signal. 2. A hierarchical | ddsepembenzdid ng and
decodi ng method according to claim1, wherein.the corrective information
extracted fromsaid 25 |lowbit-rate decoded signal represents | oworder M
bits of said lowbit-rate decoded signal, and said step of correcting said
| ow-bit-rate decoded signal 19 11 Septenber 2006 conprises the steps of:
determ ning whether a carry or a borrow occurs on a |loworder (Mtl)th bit

of said | O%%f'§é$§fee&§§§g°3d signal based on said corrective information

and said | ow ed signal; 5 if a carry occurs, subtracting "1"
fromthe | oworder ( it i L L= at C i and
repl aci ng the | ow or gggérm]%@psw?ﬁﬁﬁlsggglrrg%&a&éc@r&é@y@cﬂ%c@?ﬁi?‘lﬁgﬁagﬂ f a
borrow occ [ L i e |

|l owbit-ra e§1 é‘?gggg%g fdélr?g{‘ Bgﬁ%%rdeégbggpﬁgdﬁ% gwbgf’é déé? %Hrgﬁl?‘}séjw th said
10 correctinfgrmaliod’dm 5818 loRish-idte ABLOAG] sRl;y nor borrow occurs,

replacing the loworder M bits of said |owbit-rate decoded signal with

sai d cqrective infolfrtarenocurs subiteicling i ¢ fbnl #rsbassraenpadi g band
decodi ng method 15 conprising the steps of: in an encodi ng appar at us,

encodi ng aof saihlow-hiterate deodded signal dnd adptacing dete tbvelatderan Gits wighnsm tti ng
the lowbit-rate encoded data to a decodi ng apparatus; encoding a
di f f er ent i said coyeativd atfommeatian;| ow- bi t -rat e decoded 20 signal produced by
decoding said lowbit-rate encoded data and said input
- if a borrow occurs, adding "1" to the low-order (M+1)th bit of
said low-bit-rate decoded signal and replacing the low-order M bits with said
10  corrective information; and
if neither carry nor borrow occurs, replacing the low-order M

bits of said low-bit-rate decoded signal with said corrective information.

3. A hierarchical lossless encoding and decoding method
15 = comprising the steps of:
| in an encoding apparatus,
encoding an input signal into low-bit-rate encoded data and
transmitting the low-bit-rate encoded data to a decoding apparatus;
| encoding a differential sighal between a low-bit-rate decoded
20  signal produced by decoding said low-bit-rate encoded data and said input
signal, into lossless encoded data, and transmitting the lossless encoded
data to the decoding apparatus; and
extracting corrective information from said input signal and
transmitting the corrective information to the decoding apparatus; |
25 | ‘in the decoding apparatus,

decoding the low-bit-rate encoded data transmitted from the

20




signal, into | ossless encoded data, and transmtting the | ossless encoded
data to the decodi ng apparatus; and extracting correctiJé Sepfeoiber2G0en from
said input signal and transmtting the corrective information to the
decodi ng apparatus; 25 in the decoding apparatus, decoding the |owbit-rate
encoded data transmtted from the 20 11 Septenber 2006 encoding
apparatus into a lowbit-rate decoded signal; decoding the |ossless encoded
data transmtted fromthe encoding apparatus into a differential signal;

S A AR S e L & T D
'Sl ' : | ' ' 4. A hi ' ossl ess
encodi ng and decod! ngeiRInEIe KRSl RiftRyer e Hfﬁ?@?ﬁﬂﬁ%&@:t & e

[ ' ' . in I gnal represents
fg\r/v[ g(r:ggy%ﬁ(ﬁﬁ@gglbggt?ﬁ%%{%%hg& Q@h%, siati gust Zpgof colror ecting said

| ossl ess reproduced gagﬁalsaw%gﬁﬁétgﬁ%%?ﬁgﬁlant(ae%ﬁé mf@r&ﬁ’ti%’”et her a

carry or a borrow occurs”on a sald 1'0Ssl ess

repr odgcedsighginalo & gsibseiepRidticealsigHdli % 15 infornmation and said | ossless
reproduced signal; if a carry occurs, subtracting "1" fromthe | ow order

(M) th bit of sai dobresstingssaid fisfsbieaepradubealsightl ba8BH i gidt he | ow-or der
Mbits with said corrective information; if a borrow occurs, adding "1

t o t he | oworretdive (Medhatiorni t of 20 said | ossl ess reproduced signal and
replacing the loworder Mbits with said

L

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 2 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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corrective information; and if neither carry nor borrow occurs, replacing
the loworder M bits of said | ossless reproduced signahlﬁk@hmsaﬂm06 .
corrective information. 25 5. A hierarchical |ossless encoding and decoding
method conprising the steps of: 21 11 Septenber 2006 in an encoding
apparatus, encoding an input signal into lowbit-rate encoded data and
transmtting the lowbit-rate encoded data to a decodi ng apparat us;
decoding said lowbit-rate encoded data into a lowbit-rate 5 decoded
signal, extracting cor information fromsaid |lowbit-rate decoded

signal, and transmit ’?%ﬁ%ﬁ‘hégmf?%fﬁl i nfolrmation to the dec?dijng
: [ [ ' ' et.ween correcte
oW by torat Z”dd22832'&“@?@@1%ﬁeﬁﬂ%igﬁab@*c%@?v{eﬁ-ﬁtﬁgﬁm%aj SES rae
[ ﬁ.miq ; ess ,
? re;(rjlgren'dt;5 :ﬁgﬁ%rﬂell Fshs]ﬁolfa)g%lb'ii'(!:érlltcgo ngﬁ'gQ{Eth?éd ?ﬁ%caﬁ‘i‘%%fa ar at us; in the
decodi ng appar at us, ggg&gh?%ag&ﬁyﬁgﬁrﬁeﬁ%q@hgggégggﬂg;ad%b{gbﬁ_ri%gsm tted from

the encoding apparatus In signa decodi ng t he

| 0ss! e caoestRA Sighal, bxFaGITd éfediBhighRati FoM S8daaRasiaids [ nto a

differential signal; and correcting said It-rate decoded signal based
on said cdecotdd signaiphnd Wainsatitting e 286b6E/d iizig)rﬁ'%ftibﬁCtbQHe ldedoling-rate

decoded signal to said differentral signal
-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 encodéd 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 signéi
to said differential signal.
20 |
6. A hierarchical lossless encoding and decoding 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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6. A hierarchical |ossless encoding and decoding nethod according to claim
5, wherein the corrective information extracted from saild Septeibbi 2006at e
decoded signal represents |loworder Mbits of said lowbit-rate decoded
signal, said lowbit-rate decoded signal is corrected in said 25 encodi ng
apparatus by: applying a O mask to the loworder Mbits; 22 11 Septenber
2006 -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 .

b : Dth hit of id | bit-rate d ded
2, bor o OBRHSAPeR dr B8 RERG seld AUl asRbaRE san s ShbideBodiade e e
si.gnal ; ifg %qﬁg?@ﬁg%és tr?gllregga ing "1" fromthe loworder (Mtl)th bit

of said lo It-ra ecode “and setting all the |loworder Mbits to

"0"; if a borrow oc e hde I bit of said
lowbit-rate decodedggifeg%ﬁiﬂgn stgtéE?tr?grrgﬁ?atlﬁdew%%%éwg’g&&%lﬂﬁ(g‘ﬁoﬁ?ro "0";

10 and if + e bit olsal 1BW-bitPAteq s ? ! ; order M
bits of saiﬂg I)Igsv-bi t-rate deig.g%ed Sc?ggglﬁqng‘-’rﬁé&{a&%_&éﬁ;ﬁ@ﬁ%@# cal | ossless
encodi rig nisfdrodhtioargnd saiddowist-gite Becodéd Sighagncodi ng an input signal into
| ow-bit-rate encoded data; decoding said lowbit-rate encoded data into a
lowbit-rate decodel astarnpbccescsubtragtiagdi f fremethiel [@w-@ﬂgp@m% pRen said
low-bit-rate 20 decoded signal and said input signal into | ossless encoded
dat a; and ©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 lossiess 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:

encading an input signal into low-bit-rate encoded data;

23



extracting corrective information fromsaid lowbit-rate decoded signal. 8.
A hierarchical |ossless encoding nmethod conprising the dgt&eptembbr 2006
encodi ng an input signal into lowbit-rate encoded data; 23 11 Septenber
2006 decoding said lowbit-rate encoded data into a lowbit-rate decoded
signal; encoding a differential signal between said |lowbit-rate decoded
signal and said input signal into | ossless encoded data; and 5 extracting
corrective information fromsaid input signal. 9. A hierarchical |ossless

encodi ng met hod conprj.si t f: _encodi .an ipput.signal into

| owbit-rate encoded d&%{)@?\g %gd M‘@ﬁl’rﬂ%’ Eﬂ?%“c?fgqﬁn‘%i’t’?%&@"-@ﬂﬁe d data into
a lowbhit- d signal; extracting corrective information fromsaid
| ow bi t-ratag&gde%cgggggﬁsi gnhal ; and encoding a differential signal between a

corrected lowbit-r ate‘ﬁco&ﬁpdﬁﬂ@‘é?é’ntﬁélg gbpéwgaigyoﬁ%ﬁtl[rgg%i ng said

| ow-bit-rate decoded signa sald | signal’, " int | ess encoded

data. 10. detodsdsigharand ggﬁshg@@;&%gfgﬂgggsﬂggggﬂcgmaé@ Qﬁdt he steps of:

- 20 inputting hierarchical |ossless™en ta conprising lowbit- rate
“encodeds data, |ossl esstracimplestrectiva infotthation s suRl ihplic&ighal on;  decoding

said lowbit-rate encoded data into a lowbit-rate
9. A hierarchical lossless encoding method comprising the steps
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;
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 lossiess 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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decoded signal; decoding said | ossless encoded data into a differenti al
signal; 25 and correcting said lowbit-rate decoded si dh&epleabed?20ié sai d
24 11 Septenber 2006 corrective information, and thereafter adding the
corrected lowbit-rate decoded signal and said differential signal into a
- | ossl ess reproduced signal. 11. A hierarchical |ossless decodi ng nethod
conprising the steps 5 of: inputting hierarchical |ossless encoded data
conprising lowbit- rate encoded data, |ossless encoded data, and

o bi -1 agQ T ao RRA te Rk i the chBeGeBE RNt L gata i nto o
di 1.0r ont arosional A48 dfeentar s hL4ICSRERTPP B ek Thg s o

| ossl ess reproduced signal based on said corrective information. 15 12. A
hi erarchi cal | ossl ess encodi ng and decodi ng apparatus conprising an

encodi ng appar ays apchigrafeiies |6§s|é§§abe&aiﬁg rﬁé‘th@d%!&ﬁgﬂs'@ Qépét us
conprising: a lowbit-rate encoder for encoding an I nput gnal 'nto
| ow bi t5- 26f:rate encoded data and transmtting the lowbit-rate encoded

data to the decoding apparatus; a lowbit-rate decoder for decoding said
| ow-bi t-rate encodedinputting 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 iow-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 signa! 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

25



data into a lowbit-rate decoded signal and outputting the lowbit-rate
decoded signal; 25 a | ossless encoder for encoding a diflif Septembat 2(86gnal
between the lowbit-rate decoded signal output fromsaid lowbit-rate
decoder and 25 11 Septenber 2006 said input signal, into |ossless encoded
data, and transmitting the | ossless encoded data to the decoding
apparatus; and a corrective information extractor for extracting corrective
information fromsaid |owbit-rate decoded signal and transmtting the 5

correct | veakBifgdian, b IdiSRaaNo AR i PanSPhing BB RSP LS
dat a transggécfdga (If,étgrfbgﬁé ﬁgggaﬁglré}%gz@gﬂgaéﬁqjs into a lowbit-rate decoded

signal; 10 ossl ess deco he | ossl ess encoded data

transmtted fromsaig C%'ﬁ%ml@%faﬁﬁﬁt:i(ﬁ Hﬁré&épfoggghgéﬁ%g{)}rgétg?égnaI , a

corrector for correcting said | ow rate deco d on the

correct i veinfarfritioRtiicm shicRWibi e dédggleeg%g aﬂ%lﬁ%ié}%miﬁﬁg;afh tus; and 15 an

adder for adding the lowbit-rate dec ghal correcte y said

correctsor eartectiRbdnOithEHES TS tvd dséaNIAg abphftds:! 0ss! ess reproduced signal .
13. A hierarchical |ossless encoding and decodi ng apparatus 20 conpri si ng

an encodi ngpiddleacdingappatatesdomeplisheg:appar at us, said encodi ng apparat us
conprising: a lowbit-rate encoder for encoding an input signal into
| ow bi t - 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.  Ahierarchical 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 iow-bit-rate encoded data to the
decoding apparatus;
25 a Iow-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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rate encoded data and transmtting the lowbit-rate encoded data to the
decodi ng apparatus; 25 a lowbit-rate decoder for decodilhGeptaimder 2006

|l ow-bit-rate encoded data into a lowbit-rate decoded signal and
outputting the lowbit-rate 26 11 Septenber 2006 decoded signal; a

| ossl ess encoder for encoding a differential signal between the

| ow-bit-rate decoded signal output fromsaid |owbit-rate decoder and said
i nput signal, into | ossless encoded data, and transmtting the |ossless 5

encoded daP 6&%%@ g'ecodi ng apparatus; and a corrective information
extractor g? e g 'ng corrective information fromsaid input signal .and

decodi ng. appar at s, congrTErmer et et o A fefE IR BAnAEREBEHC gt he

it- doa 5@1%1710 ' ' t into a
: gx B: E ; g%@ Igg@gigg%e Sl gngP;r ngﬁg@d@g@@gﬂ-?@?&gygaﬁﬁgﬁ euisolssl ess
encoded daggd iﬁ:ﬁlﬂ@@?é["[ o fdseress @ Olggg ‘té‘,galﬂnof?ég% e%m&oéslﬁéy erenti al

signal; 15 an adder for -addi ng sai wbit-rate deco signhal "and said

di f fer ent i ehcaleghddtal totiRe deboginhepparbsoghged signal; and a corrector for
correcting said | ossl ess reproduced signal based on said corrective

information. 20 14. A duresctive iifomhatiorsexiesctoefredtragtingdodeaivd ng appar at us
conprising an encoding apparatus and a decodi ng apparatus, said encoding
appar at us inforprationrfgom 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 low-bit-rate encoded data to the
25 decoding apparaius; |

a low-bit-rate decoder for decoding said low-bit-rate encoded
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a lowbit-rate encoder for encoding an input signal into lowbit- rate
encoded data and transmtting the lowbit-rate encoded datSaptembeh2((B35
decodi ng apparatus; a lowbit-rate decoder for decoding said lowbit-rate
encoded 27 11 Septenber 2006 data into a lowbit-rate decoded signal; a
corrective information extractor for extracting corrective information
fromsaid lowbit-rate decoded signal and transmtting the corrective
information to the decodi ng apparatus; and 5 a | ossl ess encoder for

encodi ng agdtd fnd Q%Wfliit-l%wﬂéé?(?%d %%Ea corrected |l owbit-rate decoded

si gnal produced by correcting it-rate decoded signal and said

nput signal i nto | essimasive BARLISR erad b GG LA bR, 055 o0

encoded data to the decodi ng apparatus; an [ rat us

copr i s nginfanatidroiverhisaid wbisaRslascdRid SiBRRtArafinkiY i -rat e encoded
OW- -rate decode

data transmtted fromsaid encodi ng apparatlis into a

signal ; a tosstteesinitecation th the decodthg hippacatesah@ss encoded data
transmtted from said encodi ng apparatus into a differential signal; and

15 a cérrector for carlessiesmencaret fooeatiding atdiffelentigrsigaalanavebased on
said corrective informati on, and adding the corrected lowbit-rate decoded

signal to SeFectaddewbiretefeerdadasignabprodubes byroomiecting tes Kivesi-rarcodi ng
appar at us o% si_ng: 20 a lowbit-rate encoder for encoding an input
signal i nt$eFRDFIg0aIaNdsald ina signal dintailasslessiencodead ddte;@er for decodi ng
said | ow bj t-ratﬁe etnccidec]
ransmitting 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 signal

based on said corrective information, and adding the corrected low-bit-rate

decoded signal to said differential signal.

15. A hi‘erarchical 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
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data into a lowbit-rate decoded signal; a |ossless encoder for encoding a
differential signal between 25 the |lowbit-rate decodedlsiepgeambeatiiPosai d

i nput signal, into | ossless encoded data; and 28 11 Septenber 2006 a
corrective informati on extractor for extracting corrective information from
said lowbit-rate decoded signal. 16. A hierarchical |ossless encoding
apparatus conprising: 5 a lowbit-rate encoder for encoding an input signal
into lowbit- rate encoded data; a |lowbit-rate decoder for decoding said

| ow- bit-rate encoded aa@ﬁf%ﬁvetiﬁfo?m%ﬂ% gﬁfﬁéfﬁtf%gegﬁf%%ﬁggfchﬁ%a W a | ossl ess

encoder for encoding erenti al  Si gha bit-rate

decoded si. ' ii hRL | : sl ess encoded data; and a
fHiaimatitth Fendsdid Riv-bi @;@(;lrie%té(c{%og‘scl{;ﬁél

corrective information extractor ing corrective infornmation
fromsaid input signal. 15 17. A hierarchical |ossless encodi ng apparatus
conprising: a lowbit-rate encoder for encoding an input signal into

| ow-bit- rate enépdedA tigrarchicdl dusskids eicdlintpapsatiPEompAgALNg sai d
|l ow-bit-rate encoded data into a |OMFbit-J§fe decoded ngnap; 20 a

correcti ve i nf or mat i arowxit-eate @ncbder fexenaoding areiapUESigh¥Rintd RFRbRAEL | on
fromsaid lowbit-rate decoded signal; a corrector for correcting said
| ow bi t - r atade @acodedidetagnal and outputting the corrected lowbit-rate
decoded signal; and . . _
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 enboding 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
outputting 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 | ossl ess encoder for encoding a differential signal between 25 the
corrected lowbit-rate decoded signal and said input siddaepteinben2006ss| ess
encoded data. 29 11 Septenber 2006 18. A hierarchical |ossless decoding
apparatus conprising: a lowbit-rate decoder for decoding lowbit-rate
encoded data into a lowbit-rate decoded signal; 5 a | ossl ess decoder for
decodi ng | ossl ess encoded data into a differential signal; a corrector for
correcting said lowbit-rate decoded signal based on corrective

i nformation; and an adder for adding the |lowbit-rate decoded signal
corrected 10 by said corrector and said differential signal into a

LSnp'tglpW Eiﬁ?v?§;ff’s‘%@bwgéﬁ'asrée%?%Qé@ﬂbfﬁiﬂ&%r%@@b%ﬁgrﬂs?@g":ﬁLL‘%gg?232?2“3
| ossl ess encoded dat tgq?ﬂtqugﬁgg? F gg?'lefﬁ){ ?3#8@?‘93‘3@aﬁf?q‘g%&&&&%%gggadd. ng said

Iomfbit-ramg;dqgwqﬁﬂﬁﬁég@@bdgmg@ﬁgrd differential signal into a | ossless
reproduced signal; and 20 a corrector for correcting said | ossless

reproddced signal  badeskiess §etddes fbov@oddHing IBEsIa8 ertdded dtsiRpGhi cal
| ossl ess encodi ng apparatus having a program for enabling a conputer to

per f or m a giffersrdial signaB5 encodi ng an i nput signal into |owbit-rate encoded
dat a; '
a corrector for correcting said low-bit-rate decoded signal

based on corrective information; and |
an adder for adding the low-bit-rate decoded signal corrected
10 by said corrector and said differential signat into a lossless reproduced

signal.

19. A hierarchical lossless decoding apparatus comprising:
a low-bit-rate decoder for decoding low-bit-rate encoded data
15 -into a low-bit-rate decoded signal;
a lossless decoder for decoding lossiess 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
20 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:
25 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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decoding said lowbit-rate encoded data into a lowbit-rate 30 11 _
Sept enber 2006 decoded signal; encoding a differential diSgpwinbee2@iéen said
|l ow-bit-rate decoded signal and said input signal into | ossless encoded
data; and extracting corrective information fromsaid |owbit-rate decoded
S signal. 21. A hierarchical |ossless encoding apparatus having a program
for enabling a conputer to performa process of: encoding an input signal
into lowbit-rate encoded data; 10 decoding said |lowbit-rate encoded data

into a | owgpl : ecoded signal; encoding a differential signal between
said owb -?@%%@élgaggoded signal and said input signal into | ossless

_ . . . . fror id i :
ianal . 15 22 A ni SnepEnbERTREGTRLRel BT sEB iRl a Ry ng & progr am
o1 ow bECHA LSRRG SoB AR TR HRIGETPE pafitiRt U BRdr COdea"aat &

. L . : e . . Tati on
From eai d | ow bl f-rat e dansag o aMeHormatbh Hom SeidIB Gl e ™S] gna
bet weers a gighgected lowbit-rate decoded signal produced by correcting

said lowbit-rate decoded signal and 25 said input signal, into |ossless
encoded dat a.

21, 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;
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, 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;
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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31 11 Septenber 2006 23. A hierarchical |ossless decoding apparatus having
a program for enabling a conputer to performa process dfl:Septepibet 2005

hi erarchi cal | ossl ess encoded data conprising lowbit- rate encoded dat a,

| ossl ess encoded data, and corrective information; 5 decoding said

| ow-bit-rate encoded data into a lowbit-rate decoded signal; decoding
said | ossl ess encoded data into a differential signal; and correcting said
| ow-bit-rate decoded signal based on said 10 corrective information, and

h f ddi th : | Ji= . ' | and sai d
i TTerential si ogal | ATRerarcHiEdl 108868 HotRlifa aBBRRIGS naliG Be iy ch ca
| ossl ess dmcéhdwng@@dlﬁb%rW@Pbﬁgrrﬁ.agfuﬁgéﬁérbf:fOr enabling a conputer to
f: p i er cal

perform a process 15" 1 nputting archi | ossl ess encoded data
conprising | owbit- r@ddti Op e
com)ect I ve informti cl)lﬁl>f§ I?;g%?ﬁg@%iﬁﬁsr%&vﬁrﬁ&!sg{@%ﬁggﬂgﬁﬁ"@a@%%t 0 a
| ow-bi t - r atate eeoddd data, Josdlesslesesicidatal Snd eofbefive fIGRRfHata into a

differential signal; 20 adding said lowbit-rate decoded sighal and said

differential signal decoding dait Rvebi-raRpEREbdRetath MR 4 IcMBit§ale ecti ng said
| ossl ess reproduced signal based on said corrective information. 32
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 iossless encoded data into a differential signal;
20 adding said low-bit-rate decoded signal and said differential
~gignal.into a Ioss!ess‘ reproduced signal; and '
correcting said !ossless reproduced signal based on said

corrective information.
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