1 SPECI FI'CATI ON DI G TAL SI GNAL CODI NG APPARATUS, DI A TAL SI GNAL DECODI NG
APPARATUS, DI G TAL SIGNAL ARI THMVETIC 5 COBI NG METHOD AND DI Gl TAL SI GNAL
ARI THVETI C DECODI NG METHOD TECHNI CAL FI ELD The present invention relates to

a digital 10 signal coding apparat @il ol gnal decodi ng appar at us,
a digital signal arithmetic codinggﬁg?ﬁ%gkgﬁgﬁg gigital signal a ithnetic
decodi ng net hod used for video conpression coding and conpressed vi deo data
transm ssi on. 15 BACKGROUND ART In International standards for video

codi ng such pscREG, apd dNAL TcldiZbXc HY S aRA a8l N T@sTheens veah i or
entropy codi ng. Huffman codi ng 20 provides an optimum codi ng perfornmance
when i ndi vi dDAK ODf 6 MatE DRR AT SDAGEL TALLES FERAESAREFTHIETAC vi dual
codewords. Optinmum performance is not, however, guaranteed when a signal
such as & vi 8680 INGnME TP bAND | DEGILT A 33 GRAT aBiFHTBYEThEE t he
probability of appearance of information synbols varies. Arithnetic coding
i s proposed %ECQDprkNﬁoHﬁ%?Dadapt s dynanmically to the probability of
appear ance of individual information synbols and is capable of 30

representing a plurality of synbols as a single
TECHNICAL FIELD

The present invention relates to a digital
-10 .signal -coding apparatus, a digital signal decoding
apparatus, a digital signal arithmetic coding
method and a digital signal a. ithmetic decoding
method used for video compression coding and
compressed video data transmission;
15

BACKGROUND ART

In International standards for video coding
such as MPEG and ITU-T H.26x, Huffman coding has
been used for entropy coding. Huffman coding

20 provides an optimum coding performance when
individual information symbols are to be
represented as individual codewords. Optimum
performance is not, however, guaranteed when a
signal such as a video signal exhibits localized

25 variation so that the probability of appearance of
iﬁformation symbols varies.

Arithmetic coding is proposed as a method that
adapts dynamically to the probability of appearance
of individual information symbols and is capable of

30. representing a piurality of symbols as a single



2 codeword. The concept behind arithnmetic coding will be outlined by
referring to Mark Nelson, "Arithnmetic Codithg + Statistical Mdeling = Data
Conmpression 5 Part 1 - Arithmetic Coding", Dr. Dobb's Journal, February
1991. It is assuned that an information source generates information
symbol s conpGFeYCaldrhabet s and a nessage "BILL GATES' is arithmetically

coded. 10The proba?h{it¥ ofégg earance .of individual characters is_defined
as shown in Fig. 174 7RIS dPieh B doPdint MRRREE GPYRIRYY Yilbrbeons of

babi lit ' fi,ned , ' I bl.ished f
B T N o

codi ng procege,d Fheste 408 cett £k 2184 30004Rp = Thizt 4 ScBHIP: LA ey Of M of

identifying a rangé [0.2, 0.3) on the pro ity line for acter.

Therefores thadtetler "B edmespendsd 9nd0 2 5l Fobbok Bbuemid, a Low
value in the range [0.2, 0.3). To code "I" subsequently, the range

(0.2, 0.3) | tteviiidaeg il ehe priocéss adsamadidgt hBt isn r égarabed aas ¢on new
segnent [0, 1) so that a sub-segnent [0.5, 25 0.6) is identified therein.
The process 8PULg¢t Begterated nhnifo nmat dogs ss phbsuce es simper ¥ skioundi ng
rages on the prqbability line. Repeating the process for the characters,
the result ofl&NARFES ARddend @fsamg " BATES GATER" r &Fresented as a Low

val ue "0.2572167752" , of segnent .after the coding of the letter "5" is
conpl et ed. g%lthmeth§ﬁly Eodedt |

10 The probability of appearance of individual
characters is defined as shown in Fig. 1. As
indicated in a column "RANGE" of Fig. 1, portions
of a probability line defined by a segment [0, 1)
are uniquely established for respective characters.,

15 Subsequently, the characters are subject to a
coding process. First, the letter "B" is coded.
This 1is done in the form of identifying a range
[0.2, 0.3) on the probability line for that
character. Therefore, the letter "B" corresponds to

20 a set of High value and a Low value in the range
[0.2, 0.3).

To code "I" subsequently, the range [0.2, 0.3)
identified in the process of coding "B" is regarded
as a new segment [0, 1) so that a sub-segment {0.5,

25 0.6) 1s identified therein. The process of
arithmetic coding is a process of successively
bounding rages on the probability line.

Repeating the process for the characters, the
result of arithmetic coding of "BILL GATES" is

30 represented as a Low value "0,2572167752" of a



A decoding process is an inverse of the coding process. 5First, the coding

result "0.2572167752" is exanmined to detergine a range on the probability

line in which the result lies and determ ne a character assigned to the
range. In this case, we restore "B". 10Thereafter, the Low val ue for "B" S

subtract ed fr%r@éxhénrtﬁsé'ktteazndth@e é@&&!h ncsfvaéws 1les ey dagd. b

magni tucl e of the range of "B", producin .572167752". This ena es us to
restore "I" cegmgspertddg to the segnent [0.5, 0.6). The 15 process is
repeated until "BILL GATES" is restored by decoding. By perform ng an
arithmetic coding aa - diesordibed gphovesss nessage bhvextsenme f engich soulith e

mapped onto a single codeword. In actual 20 inplementation, it is

i mpossi bl e toP&t@f&-with infinite decimal precision. Mreover,

mul tiplication and division are necessary for _coding and decodlng so t hat

heavy conmput ati onal Ild?a?dtvs tihposed i ngede pr ehf - Qrfe"" Aad@rieksed bys 25

fl oati ng-poi nt_decj mal. conputati on usin for codemnrgﬁ£epresentat|on

registers of gﬁlqﬂ%ﬁgrq?p CHRERIR & o uéqgggmﬂ%x BT BY &P iy of 2

so that nmultiplicatj nd_divi.sion are,replaced aShy gperations. 30

deal 1y, ari t RREE - Boahge RodtFar g S ELERd Lhgyand° deteRYTe' S
character assigned to the range. In this case, we

restore "B".
10 Thereafter, the»Low;value=for*“B“ is
subtracted_from the result and the resultant value
is divided by the magnitude of the range of "B,
producing “0.572167752%. This enables us to restore
"I correspénding to the segment [0.5, 0.6).fThe
' 15 process is repeated until "BILL GATES" is restored
by decoding.
| By performing an arithmetic coding as
described above,'a message of extreme length could
be mapped onto a single codeword. In actual
20 implementation, it is impossible to operate with
infinite decimal precision. Méreover;
multlpllcatlon and d1v1s;on are necessary for
coding and decoding so that heavy computational

load is imposed. These problems are addressed by
25 floating-point decimal computation using, for

codeword representation, registers of an integer

type. The Low value is

approximated by a power of 2 so that multiplication

4

and division are replaced by shift operations.

30 Ideally, arithmetic coding according to the above-



4 described process enables entropy coding adapted to the probability of
occurrence of information synbols. Mire spécifically, when the probability
of occurrence varies dynamcally, the coding 5 efficiency higher than that
of Huffman coding is available by tracing the variation and updating the
tabl e of Fig.desgupibed aiedyess nerabie sl ghtalopygeald angt lnda pe esbdi ng
met hod and digital arithnmetic decoding nmethod 10 according to the rel ated
art are confi ghifedBRPa&Ik I BEd caho9e Cudaedn 9Rd&OE f Ao TBadideRed into
segnments for transmission in units, that allows resynchronizationp, (for
ool e. MPEE BB LR (MRS FBESHE OPad Y o SR DO SIchF Sk bh 11y of
occurring in -C .vi de i t ra L $Si.ONn errors.

Huf f man codiHggﬁggéh?ﬁﬁFvﬁ%ﬁgf%godg%ééggﬁ%%F¥§Vnﬁ%ﬁgogg%%igg-of an i nteger
bit 1enath soetlalc {4 A09MPRERAN Aahs dARALE Gy rda{d ACE P RGP 20
of codewords. In arithnmetic Co |ng,_ﬁomever, a special code tor~explicitly
suspendi ng a LRAENGQWPIOCESS tBacdiiy l €he |Vaddition, 4104 LpHHRLLY Ge
codi ng, the process of |earning the probability of occurrence of earlier

synbol s shoulttebéer st Fd@y asl 2apgmroptpdtdlys for establishing a code. As
a result, the coding efficiency may suffer prior to and subsequent to the

suspensi on. Anot herS brokl dnheoddey htddessegnad taad t hovehign eedimgetic
coding process is not reset. while codLn% a video frane and 30 the frame has
to be divi ded§hh8sRf Ghigstadcrrrithmetic decoding method

- 4% 104 aeeording to the related art are configured as
described above, each video frame is divided into
segments for transmission in units that allows
resynchronization (for example, MPEG-2 slice
structure) in order to minimize degradation

15 occurring in an entropy-coded video signal due to
transmission errors.

Huffman coding maps individual coding symbols
into codewords of an integer bit length so that
transmission unit is immediately defined as a group

20 of codewords. In arithmetic coding, however, a
special code for explicitly suspending a coding
process is required. In addition, for resumption of
coding, the process of learning the probability of
occcurrence of earlier symbols should be reset so as

25 to output bits for establishing a code. As a result,
the coding efficiency may suffer prior to and
subsequent to the suspension. Another problem to be
addressed is that, when an arithmetic coding
process is not reset while coding a video frame and

30 the frame has to be divided into small units such



as packet data for transm ssion, decoding of a packet cannot take pl ace
w thout the imredi ately precedi ng packet daga so that significant adverse
effects on video quality result when a transmission 5 error or a packet
| oss due to a delay occurs. The present invention addresses these

probl ens and h&s @mackejtecdave ofo pr @wah 89 is s ght, ald se gdaln godifnga
apparatus and a digital signal coding nethod capable of ensuring a high
degree of errpacloetesidriraty taklei piraveny it koditng: kef icieadyadfely
arithnetic coding. . The present invention has a further objective of
provi ding a dPFSeRdinghdaa&eddi Ag tappae attd angd ig i §ilcansi §feneodi ng
nmet hod capabl e .of 15 proper . decoding.in a situation where the coding .,
appar at us confaifrﬁf’e%tﬁoﬂ’i gvégre&qugL}n’dgyoFetsr% tmwslgc?gnaurﬁlfg,nswgs:mn

i nheritin i res [ h ri tic_.cod] st for earlier
transm ss?jon g%ltr?%do(?}t e éé%#c:elgt pg'co)%a%i ﬁilﬁtg;q“fb ?e;%(rjéni!]%g sf:?éagflﬁ_g.s ‘DI SCLOSURE
OF THE INENTION  pne i 8geaidance ahton dighkdls sbanalneedi no:appandl us

and a digital signal codi ng net 25 according to the present i'nvention, a
digital signahngarfidsi anethbhle@ tiives d5 pRORF £ESAY by ankigieeli G TeHRNI.
Information representing an arithnmetic coding status, occurring when a
transm ssi on apidtirmpsapeearstded, andy ded3gimdli pliexedli moddaiga method
constituting a subsequent 6 transmi ssion unit. Alternatively, a
probability ofapedureende ohsuotimg synbbib Wesgbecde? &r ®HwRr based on
dependen % of the djgital signal coded on the signal included in one or a
pl ural ity Yf 5egdjlak@RE Yt ramdnildep R Vi 958 GRd pPchaBE FittSL B8RCFc @k rence
may be | earned_by.coupting a.frequency of occurrence of coding synbols and
i nf or mati on r%ﬁﬂégg%?gﬁé’ QAdReht 1ity | earning status, occurring when a

giventranmﬁSSim1¥HEtﬂf@sgﬂ¥]invention has a further objective
of providing a digital signal decoding apparaﬁus
and a digital signal decoding method capable of

15 proper decoding in a situation where the coding

apparatus continues coding across bounds of
transmission units, by inheriting, instead of
resetting, the arithmetic coding status for earlierx
transmission units or the symbol probability

20 learning status.

DISCLOSURE OF THE INVENTION
In accordance with a digital signal coding

apparatus and a digital signal coding method

25 according to the present invention, a digital
signal partitioned into units is compressed by
arithmetic coding. Information representing an
arithmetic coding status, occurring when a
transmission unit has been coded, may be

30 multiplexed into data constituting a subsequent



10 coded, may be multiplexed into data constituting a subsequent

transm ssion unit. Wth this, it is ppssible to continue coding
across bounds of transmi ssion units by inheriting, instead of resetting,
the earlier arithnetic coding 15 status or the synbol probability |earning

status. Thus, tadYighidedr®e afhef [ onreskhiadnceedd an b@‘mﬁdﬁ?@*”gf
efficiency of arithnetic coding result. In accordance wth a digital signal
decodi ng 20 appanattsena @fdicgid ihgsigymbodecodanpg et Hed emmdaved pg to
the present invention, a decoding process nmay be initialized when decoding
of a transnisbiasredinn idepeadienic ebastdtbr it ol atl onimnal peoxdeaidi o
data constituting the transm ssion 25 unit and representing an arithnetic
codi ng st at ustDR teFgaRilvel PClade8bdn) | PRE &Y s§nBdU BRI EEnOd used in

decodi he t 1 Ssi it .be initiali wh | K f
{1 ansm Ssioon BROCTSS 6t SHARS IR A08h FREGATal FBR A 0 PRFOKEASMIDE dat a 30

const 1wt g bleADRIoSi o) L LA f R SSPILLO0 I SYTDRL frEHLLenCe

probability | earni'ng status,-the compressed I'grial” recei I

units may be gecedtdrbeflet S N 8A i 4 QR d1LY a0l OfiHd £RgE Kn

restored synbols, based on dependence : the digital signal decoded on
the signal ingkydesdséntaify 08 pROUEHIL YLl 1ashaaaniq t s&RSEAESI ON units,
and by learning the probability by counting a frequency of the restored
synbol s. Wt hothiuxr pngperh elecadi g vien pbsainsEnei s i dOusiittuahiaen vdene t he
codi ng agparatus continues coding across bounds of transm ssion units, by
inheritihf, i98tesy ohayedeetinng tipd exedhimtie dadimngesmatd thoriedr R er
transm ssion unjts or the probabi|ity |earning status. 15

subsequent transmission unit.

With this, it is possible to continue coding
across bounds of transmission units by inheriting,
instead of resetting, the earlier arithmetic coding

15 status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result.

In accordance with a digital signal decoding

20 apparatus and a digital signal decoding method
according to the present invention, a decoding
process may be initialized when decoding of a
transmission unit is started, based on information
multiplexed into data constituting the transmission

25 unit and representing an arithmetic coding status,
Alternatively, a probability of symbol occurrence
used in decoding the transmission unit may be
initialized when decoding of a transmission unit is

started, based on information multiplexed into data

30 constituting the transmission unit and representing



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows the probability of
occurrence of individual characters when a -phrase "BlILL GATES' is
arithnmetically coded. 20Fig. 2 shows an arithnetic coding result when the
phrase "BILL GATES" is arithnetically coded. Fig. 3 shows a
construction of symbd@o cOding capPar girishadiigi ialy digpnah inedi ogaanpay at us)
according to a first enbodi nent of the present 25 invention. Fig. 4 shows a
construction dhe epies adesedi iyl @pparlat s gedi i relcesiyadl idecblliengunits
apparatus) according to the first enbodi ment. . Fig. 5 shows an

i nternal consfaicthendeicehedo &yt Helieemdadimg anitr@babid §tyz ofg

0 8 L7 2 PLASIEEL o p0 sy BERICITEY B A0S Ut TR e
SFig. 8114 ushiatepe ) sgprph e f o S9N LBt 87 ehgekiighygetor
included in one or a plurality of adjacent
transmission units, and by learning the probability
by counting a frequency of the restored symbols.
With this, proper decoding is possible in a
woz..l0 gituation where the coding apparatug-continues

coding across bounds of transmission units, by

inheriting, instead of resetting, the arithmetic

coding status for earlier transmission units or the

probability learning status.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the probability of occurrence of
individual characters when a phrase "BILL GATES" is
arithmetically coded.
20 Fig. 2 shows an arithmetic coding result when

the phrase "BILL GATES" is arithmetically coded.
Fig. 3 shows a construction of a video coding
apparatus (digital signal coding apparatus)
according to a first embodiment of the present
25 invention.
Fig. 4 shows a construction of a video
decoding apparatus (digital signal decoding
apparatus) according to the first embodiment.

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 9 shows a slice structure. Fig. 10 shows an exanple of bit stream
generated by the arithnetic coding unit 6. g0Fig. 11 shows another exanple
of bit stream generated by the arithnetic coding unit 6. Fig. 12
shows anot her exanple of bit stream generated by the arithnetic coding unit
6. Fig. 13 shows an Fhger al igoastiflewictmof ahckbiayi pyretées sdecodi ng uni t
27 of Fig. 4. Fig. 14 is a flowhart of processes perforned by the
arithmetic mxﬂﬁrﬁ@ﬁmﬁg P¥ ofhei @righmEitgic 18 oshiomg amiwtérmaf Fig. 5.

construction of the arithnetjc coding unit 6 according to a second 20
enbodi nent of the pries@nt /i nvkhtisdrates a epgcempti 8f; 3| 6REHa® K tshowi ng

processes pernﬁégg by the arithmetic coding unit 6 of Fig. 15.
Fig. 17 illustra ‘a context nodel |earning 25status. Fig. 18 shows

ot aTELSES! bl SRS SR LA A LA FeCaY NoHP, mde
construction ofothg pafbhhrRi&Ecsdecoding unit 27 according to the second
Fig. 9 shows a slice structure.
Fig. 10 shows an example of bit stream
generated by the arithmetic coding unit 6.
«10- ¢ «..rovFig. 11 shows another-example of bit ‘stream -
generated by the arithmetic coding unit 6.
Fig. 12 shows another example of bit stream
generated by the arithmetic coding unit 6.
Fig. 13 shows an internal construction of an
15 arithmetic decoding unit 27 of Fig. 4.
Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.
Fig. 15 shows an internal construction of the
arithmetic coding unit 6 according to a second
20 embodiment of the present invention.
Fig. 16 is a flowchart showing processes
performed by the arithmetic coding unit 6 of Fig.

15‘

Fig. 17 illustrates a context model learning
25 status.
Fig. 18 shows an example of bit stream
generated by the arithmetic coding unit 6 according

to the second embodiment.

Fig. 19 shows an internal construction of the

30 arithmetic decoding unit 27 according to the second



9 enbodi nent. Fig. 20 is a flowhart show ng processes perfornmed by
the arithmetic decoding unit 27 of Fig. 19.95Fig. 21 shows an exanple of

bit stream generated by the arithnetic coding unit 6 according to a third
enbodi ment of the present invention. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON 10%@?@?ﬁéﬂﬂ%ﬁntdetalls of the invention will be explained by

descri bing the best de faor carrying out the invention with reference to
the attached drawi ngm) IFi Izé}t %ﬁb@dl%‘t’ci’%?l ?é*to‘éhﬁédlmé‘h‘?e@fmtlﬁe pr esent

i nvention is Rr S exanp, sed e
"Vi deo Conpre sﬁﬁg&?en&g t§3< égsJe‘dﬁ’,Bﬁ ‘fv eEr‘?‘ilth@t i‘{;lrl 2nij"°f Fig.
I nt ernati onal 1@nference on I mage Processing 2001, in which 20 arithnetic

coding is applied to a video coding schene where a square area of 16 x 16
pi xel s (hegei nafter Firf epned f&was o NBLH 9@:9@‘()0 @reﬁ%cesdt%a%' formy
dividing a video frame is a coding unit. I g. 3 shows construction of a
vi deo codi ng gmnEEBMQdc%glmﬂesagmﬁthGWM)@@ﬂ&ﬁﬁuﬁhﬁﬂm@r@dﬁbkaﬂﬂﬁ
first enbodi nent of the present invention. Referring to Fig. 3, a notion

to a third embodiment of the present invention.

estimation

BEST MODE FOR CARRYING QUT THE INVENTION

- 10 + - Hereinafter, details of the invention will ‘be
explained by describing the best mode for carrying
out the invention with reference to the attached
drawings.

First embodiment
15 A first embodiment of the present invention is

presented using an example, disclosed in D. Marpe
et al. "Video Compression Using Context-Based
Adaptive Arithmetic Coding", International
Conference on Image Processing 2001, in which

20 arithmetic coding is applied to a video coding
scheme where a square area of 16 x 16 pixels
(hereinafter, referred to as a macroblock) produced
by uniformly dividing a video frame is a coding
unit.

25 Fig. 3 shows a construction of a video coding
apparatus (digital signal coding apparatus)
according to the first embodiment of the present
invention. Referring to Fig. 3, a motion estimation
unit 2 extracts a motion vector 5 for each of the

30 macroblocks of an input video signal 1, using a



unit 2 extracts a notion vector 5 for each of the 30 macrobl ocks of an

input video signal 1, using a 10 referencedgmge 4 stored in
menory 3a. A notion conpensation unit 7 constructs a tenpora

a frane
predi ct ed

i mge 8 based on the notion vector 5 extracted by the notion estimation
unit 2. A 5 subtfectenicbl idefgenunest ardid f eneacer bghweatehbey npHt, v deo
signal 1 and the predicted i mnage 8 and outputs the difference as an
tenmporal predintetoorercompsignat id.n Auspat i al cpmedi chbdrs uai tefporefers to
the 10 input video signal 1 so as to generate a spatial prediction error
signal 11 by rR&k®ddcd 9heditagensdf dons efattinl LR engighbom ngeataas Bn a
gi ven video franme. A codi % node determnation unit 12 sel ects a node
r&%%ﬁgeg

capabl e of codi*hly

melch 8b PGk ABste S B 1 BA kP Bty Bind -oud put s

ot or m nat  on "UNE LS B8 ng ‘oo bE 10 HoP Lo CARIAREE O MoRERr ciding

the tenporal %y?%€“4¥385r@%§%ﬁﬂaHS%nﬁ.%%B qf 8% By Cag

noti on vector 20 zero an

e?e t.h
e tenporal prediction error signa §has a

nul | Comxﬁmnbuﬁﬁﬁt@TEﬂbr@i@@ér@ﬁcéogdﬁhﬁh%%ﬁgﬁk@l eIl & L7 oy T or

signal 11. An orthogonal transformunit 15

ects the signa

sel ected for eadiong kyighelcadi ng node 25 determination unit 12 to
orthogonal transform so as to output orthogonal transform coefficient data.

A quanti zation unit Al6 pa#ritd zeprekel ot tikogonali tt rhhaf orenf epef fioi &édte dat a
with a granularity indicated by a quantization step paraneter 23 30
det er mi néd byilBRbHi Nd dent sddrilod salam tavaenededt i 2asipnt inilt 18

subj.ects

prediction error signal 11 by making a prediction

from spatially neighboring areas in a given video

frame. A coding mode determination unit 12 selects

a mode capable of coding a target macroblock most

15 efficiently and outputs coding mode information 13,

the mode selected by the code mode determination

unit 12 being one of a motion compensation mode for

coding the temporal prediction error signal 9, a

skip mode for a case where the motion vector $ is

20 2zero and the temporal prediction error signal 9 has

a null component, and an intra mode for coding the

spatial prediction error signal 11.

An orthogonal transform unit 15 subjects the

signal selected for coding by the coding mode

25 determination unit 12 to orthogonal transform so as

to output orthogonal transform coefficient data. A

quantization unit 16 quantizes the orthogonal

transform coefficient data with a granularity

indicated by a guantization step parameter 23

30 determined by a coding controller 22,



ort hogonal transform coefficient data 17 output fromthe quantization unit
16 with the granularity indicated by the quanti zati on step paraneter 23. An
5 inverse orthogonal transformunit 19 subjects the orthogonal transform
coefficient data subjected to inverse quantization by the inverse
quantization unit 18nAisw ¢rhiengrwant i52a sébectisnfiar bait pub fdetisenpor al

predicted image 8 output fromthe notion 10 conpensation unit 7 or a
spatial predi c?E8hiogyRa20 tovapatt drmnrotef Epatientpdediat 18n amtputOa, in
de information 13 output fromthe codi ng node

accor dance mﬁtﬂﬁthe odi ng no .
det er ni nati on vhPE .eAﬂaﬁR@FZ§§%ﬂHsuﬂﬁ¢o&@mﬂl§mgmﬂefB@ﬁm%éamity

i tchi It: 52. t ' | £ th ' th I it 19
S0 as 1o generaTa 8 eed) B bhed s FE AR AT HarBEd 15 devocbe
' 21 it t f ' . A It ti
coding uni T 6 Sby EERs haies ORata T RRP S R hbt o SEBIGCES ke ©

codi ng node i fﬁlﬂiﬁﬁﬁbld&fhi3t13éh§E%tﬂ1@|cB%%jffé'i%@Dﬁ%tjéLsﬁﬂg QL L Begang!
transformcoefficient data 17 to entropy coding, so as to output a coding
result via a Znteassrigshat brhtaor24bgs 1a8DReSsEH s dRva Hatiaz 2841 ohhe
coding controller 22 controls conponents including the codi ng node
determ nati onwnit 138,. thesguisnthzatg oundni t526 sanbetites i fwer smtput the

guanti zation unit 18.
temporal predicted image 8 output from the motion

10 © compensation unit 7 or a spatial predicted image 20
output from the spatial prediction unit 10a, in
accordance with the coding mode information 13
output from the coding mode determination unit 12.
An adder 53 adds the output signal from the

15 switching unit 52 to the output signal from the
inverse orthogonal unit 19 so as to generate a
local decoded image 21 and stores the locally
decoded image 21 in the frame memory 3a as the
reference image 4.

20 - An arithmetic coding unit 6 subjects coding
data including the motion vector 5, the coding mode
information 13, an spatial prediction mode 14, the
orthogonal transform coefficient data 17 to entropy
coding, so as to output a coding result via a

25 transmission buffer 24 as compressed video data 26.
The coding controller 22 controls components
including the coding mode determination unit 12,
the quantization unit 16 and the inverse
quantization unit 18.

30 Fig. 4 shows a configuration showing a video



30Fig. 4 shows a configuration showing a video 12 decodi ng appar at us
(digital signal decoding apparatus) according to the first enbodi nent of
the present invention. Referring to Fig. 4,14n arithmetic coding unit 27
perforns entropy decoding 5 so as to restore paraneters including the

noti on vectordf tge codi ng node i nformation_13,, the spatial_ prediction,
mode 14, the SYEFOGIMNT RBEATRFES i 9 iR AnS t9BaduafEFLAIBA step
paraneter 23. The_invyers uantization_unit 18 10 subjects t.he orthogonal
coef fi ci ent dé’tpaP‘TiaanudSFh ccﬁl%ﬂfziili‘aqigﬁ &RG Far ﬁgt eerm]t?gdr]é%?arteoo%y e
arithmetic decqdi ni - 0. j,nv ] i.zat |l op.; The,i nverse

or t hogonal trg’%%g%%unil?gf&ésh Jhéc'?{séfﬁg%hog%é]a J'tgrIan‘slf’oran%rlcoeffi ci ent
data 17 and 13iihenfleant szl §t o Par Qnie:gé_r?z%fﬁgs ¢ AY Sy El.l@é‘@hzﬁgg
to inverse orthogonal transform The nbtion conpensati on unit
restores the temos akoddredseloate | paGtaBete g Hhr: RHEIg VeH O nd v £§HOr ed
by the arithnmetic decoding unit 27. A 20 spatial prediction unit 10b
restores the gpatiatr prediheedodige 2o Breon hlifespatiiadn plédi cthen node 14
restored by the arithnetic decoding unit 27. A switching unit 54

sel ects for oéppitiahe prepgdcdipnediaded lidmge hd corttheogpatal predi ct ed
25 image 20 in accordance with the_coding node information 13 réstored by
the arithmeti€o8&dobFA§ i €222 M AR@r t38 gy A hé ZHeEPSt ihePr ror

signal output_fromthe inverse orthogonal transfarm ) )
parameter 23. The inverse guantization unit 18

10 subjects the orthogonal coefficient data 17 and the
quantization step parameter 23 restored by the
arithmetic decoding unit 27 to inverse quantization.
The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient‘data 17 and

15 +the quantization step parameter‘23 thus inverse--
quantized to inverse ofthogonal transform.

The motion compensation unit 7 restores the
temporal predictea image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
/20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
14‘rest§red by the arithmetic decoding unit 27.
A switching unit.54 selects for output the
temporal predicted image 8 or the spatial predicted

25 image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
signal 6utput from the inverse orthogonal transform ‘[
unit 19 to the output signal from the switching h

30 unit 54 so as to output a decoded image 21. The



unit 19 to the output signal fromthe switching 30 unit 54 so as to out put
a decoded image 21. The 13 decoded inage ﬁé Is stored in a frane nenory 3b
so as to be used to generate a predicted image for a frane subsequent to

t he decoded image 21. A description will now be given of the 5 operation

di to t HELSt | t. Fi tne; | f | d di
Apparat uS and 1 0 okc NRSSH . Agnet SPEE T T Be bhOMIdaCRErY (5B S N9

(1) Qutline ofgd hgeo ' t ' 1Q, cQding: at u The
I nput i mage siagnal 01%?{‘&?%%& Q{cr)] E%iq/ésg%?errgdcrggleggkge eri %{ga%‘er ojrfr?gi \r/}ll si on

of individual fuigiee bruan®squbiet Meid avhestigimdded Uhhge of 1the video
codi ng apparatus estimtes the notion vector 15 5 for each nmacrobl ock using
the reference i nage24 descedpinidme Wihie nmenobye 3pivEre obt itdre
conpensation unit 7 constructs the tenporal predicted i nage 8 based on the
not i on 5 vemorabighenache ndbingn et b ohigsit embad BBERt20 the
notion vector 5. . The suybtractor 51 receives the tenporal_ predicted

i mage 8 from the nofidi® tomFdizaPP&F Ui n7 Ghdtdet eFAdRR S0d¥0grence

between the i apylat IReS 8% e 209 ddE HEREEh P SRR FIL P PL ve
outlined.

(1) Outline of the operation of the video

10 coding apparatus

The input image signal 1 is input in units of
macroblocks derived from division of individual
video frames. The motion estimation unit 2 of the
video coding apparatus estimates the motion vector

15 5 for each macroblock using the reference image 4
stored in the frame memory 3a.

The motion compensation unit 7 constructs the
temporal predicted image 8 based on the motion
vector 5‘when the motion detection unit 2 extracts

20 the motion vector 5.

The subtractor 51 receives the temporal
predicted image 8 from the motion compensation unit
7 and determines a difference between the input
image signal 1 and the temporal predicted image 8.

25 The subtractor 51 then outputs the difference, the
temporal prediction error signal 9, to the coding
mode determination unit 12.

The spatial prediction unit 10a refers to the

input video signal 1 so as to generate the spatial

30 prediction error signal 11 by making a prediction



25 The subtractor 51 then outputs the difference, the tenporal prediction
error signal 9, to the coding node deterniqﬁtion unit 12. The
spatial prediction unit 10a refers to the input video signal 1 so as to
generate the spatial 30 prediction error signal 11 by nmaking a prediction

14 from spati n hghp [ | Qi Ve L,deo: f.r ;
codi ng node dgit%?'(ﬁi %ati ojr?lgl:}nrl% aqgageqﬂe%?é%g/nﬁﬁéa%:pﬁﬁl %ngqlg(%} n‘élgeetoarget '
macr obl ock nostr&mefficiently and outputs the coding node information 13
to the arithmetic coding unit 6, the node selected by the code node

determ nation unit Theecngimg mbde Nkitermdnpensahi am iwda X os egedi 1y
the tenporal prediction error signal 9, a skip node 10 for a case where the
nmoti on vect or 3 Nadeecd RAY lteheo £ emput Bh gpreedi arigert emaor ab §oal k Imbast: a
nul | compopent,_ and, an intra npde for coding the spatial _prediction error

signal 11.° Whé&T SkF 2etitnby t RaGo® &P PF&ditdts oRoddy PRl odinfp HBad i
determ nation,unit 12 outputs.the tenporgl, prediction error signal 9 to the
or t hogonal tr%&ﬁ%9n1&ﬁtg5§2ﬂ@%t§%yﬁﬁgﬁﬁﬂ YR&di s ERF nBOYMen

sel ecting theint deg, , t codi def ey mi_nat | uni t. .12 out puts the
spatial 20 prg pc({(?%%aeﬁjr%r Iﬂzﬁegng?a%lwggfhéf%#?ﬁglgorh%fgltorréngfnolrtm5] it 15

as a signal tBali @IS 804 Hotion o Pt ST} OR R &k Gl 0&'0&‘14&99“
romt I't7 2

sel ected, the notion vector 5 i s output e notion estimation un
to the arithmehiec tcomlpag aMi brée@bcas dMf erFes ¥ 0B ilged 17 equi hes PHi Rbde
When the intra node is selected, the intra prediction node 14 is out put
fromtheldpat £alr pr edastd omhenid fHe twothe mrvébmetr c5cdd ngewu t agdas
information that requires coding. 30The orthogonal transformunit 15
recei ves the the temporal prediction error signal 9 has a null
component, and an intra mode for coding the spatial
prediction error signal 11. When selecting the
motion prediction mode, the coding mode
15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding.
When selecting the intra mode, the coding mode
determination unit 12 outputs the spatial
20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.
When the motion prediction mode is selected,
the motion vector 5 is output from the motion
estimation unit 2 to the arithmetic coding unit 6
25 as information that requires coding. When the intra
mode is selected, the intra prediction mode 14 is
output from the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
requires coding.

30 The orthogonal transform unit 15 receives the



15 signal that requires coding fromthe coding node determ nation unit 12,
subj ects the signal to orthogonal transfornlgnd out puts the resultant

ort hogonal transform coefficient data to the”5 quantization unit 16.

The quantization unit 16 receives the orthogonal transform coefficient data

fromthe orthogeRalair Ror | 4t ntd 0 a
transform coeffi ??Jen% gg?fwf%ﬁ%alﬁ%ég?%?ggi tfygﬁ]d?tg):? egBE&l&g{?ﬁel‘I‘Ode
quanti zation paeareireln23d ideh enmiinediby tdengedity AR rok hen P2¢o By
allowing the coding controller 22 to control the quantization step
paraneter 23, apphowomad batance denwaend accagdivigs r athe: andsiblgHald ty is
ensured. Cenerally, the volune of arithnetically coded data stored in the
tranmﬁssiontﬂﬁFéPﬁHﬁ@érﬁﬁ@n§ﬁquoﬁqgféiQMGmw d@a tpr etiet erlnened

i nterval s g0 that the quantization step paraneter 23 is adjusted in

accor dance”wi tR 28 tHFA T &9ifdual 1ol Lfre 25 of the data that remain in the
buf fer. For exanple,,,when the, residual vol ume Is large, the coding rate
i's controlled to be bW chﬁ“M&r?‘EHénré’s‘?ﬁEallzédfﬁﬁ@l Fs tﬂb‘?at i vely
smal |, the cody ' I t igh so 2 hat -t he quality is
| nproved. thggﬁgkﬁH%grggn%ﬁgkfﬁggt?S%E%ﬁiglfgn%eggﬁb sf%ﬁgnogﬁﬁbgonal

transform coefdi €hedlb et atlih 580 heuAUaNt { 2ati g yidnd6,and syly ects
t he orthogonal transformcoefficient data 17 to I nverse
orthogonal transform coefficient data with a
10 granularity indicated by the quantization parameter
23 determined by the coding controller 22.

By allowing the coding controller 22 to
control the quantization step parameter 23,
appropriate balance between a coding rate and

15 gquality is ensured. Generally, the volume of
arithmetically coded data stored in the
transmission buffer 24 for transmission is examined
at predetermined intervals so that the quantization
step parameter 23 is adjusted in accordance with

20 the residual volume 25 of the data that remain in
the buffer. For example, when the residual volume
25 is large, the coding rate is controlled to be
low and, when the residual volume 25 is relatively
small, the coding rate is controlled to be high so

25 that the quality is improved.

The inverse gquantization unit 18 receives the
orthogonal transform coefficient data 17 from the
quantization unit 16 and subjects the orthogonal
transform coefficient data 17 to inverse

30 quantization with the granularity indicated by the



30 quantization with the granularity indicated by the 16 quantization step
paraneter 23. The inverse orthogonal jgransformunit 19 subjects the
ort hogonal transform coefficient data subjected to inverse quantization by
the inverse 5 quantization unit 18 to inverse orthogonal transform The

swi t chi ng uni tqb2n sélzedt 50 fi ok tays pph rtdige tbempps al predi cted i mage 8 out put
fromthe notion conpensation unit 7 or the spatial predicted inage 10 20
out put fromthe spaflited prnedircté onruiidgdal i bracsdisemcand t h 1tche codi ng

node information 13 output fromthe coding node determ nation unit 12. Wen

the codi ng nodd i heGEFatibe ¢F theweands thanmieon mraelf Eticohe nbdelathe
predi cted i mage 8

swtching unit, 52.15 sel ects, for output the tenporal
output fromt ﬁél%n%??ziﬁ%co%eﬁ%‘éﬁq%ﬁeuﬁ"ca’?F Il P Re Bobdt R§ nbagerse

informatiaop 13,1 t.he_intr e, the switching unit selects for
out put the spgtulagfl& %?égﬁcqxgduflﬁé:ggl ggqéjutbﬁf’efrr%‘?n ?ﬁé:chb‘éf’iné‘l 20 prediction
uni t 10a. trameradger 53 adds the output signal fromthe swi tching unit

52 to the output signal fromthe inverse orthogonal transformunit 19 so

as to generate the tpealdwi€esqdesd LrBae 23 s@eh@%a!fdrz%tp@gﬁ@e%fxggge

21 is stored in the frame nmenory 3a as the reference inmage 4 so as to be
used for noti bempraca tt pared beteubsehueyd $ramsSput from the Abktiygtic

coding unit 6 subjects coding data including the notion vector 5, the
codi ng node 30°mplEgrdation 18nithe’ spat itdiepseditiadn prwed itk a@dd inage
10 20 output from the spatial prediction unit 10a, in
accordance with the coding mode information 13
output from the coding mode determination unit 12.
When the coding mode information 13 indicates the
motion prediction mode, the switching unit 52
15 selects for output the temporal predicted image 8
output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
20 prediction unit 10a.

The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to
generate the locally decoded image 21. The locally

25 decoded image 21 is stored in the frame memory 3a
as the reference image 4 so as to be used for
motion prediction for subsequent frames.

The arithmetic coding unit 6 subjects coding
data including the motion vector 5, the coding mode

30 information 13, the spatial prediction mode 14 and



17 the orthogonal transformcoefficient data 17 to entropy codi ng
according to steps described later and outputs the coding result via the
transm ssion buffer 24 as the conpressed video data 26. 5(2) Qutline of the
operation of the video decoding apparatus The arithnmetic decoding unit 27
receives the thapresskedgeinded tata 26otmored b€ fdideencodiangaappar abus and
subj ects the received data to entropy 10 decodi ng described |later, so as to
restore the nARBECRSCt®PdIng heccodi dingodee i Bfterat des cl3ibele bpataml

predi cti on node %4, t he orthqgonal transformcoefficient data 17 and the
quanti zation st%p PATENeEEr U 9N g n¥eSel fuahkd zhheot TANSTABS SUlsjeCt S

t he orthogonal f coefficient data 17.and fhe quantization step
par anet er 23r%gfg§§;z£1Fﬁe%ﬂ?tﬁﬁﬁ?%eﬁﬁﬁ%iHdiﬁﬁtgﬁgqrégrse
quanti zati®n. The i S8,@MtNogo nsf.o it 1 j ects. 20 the
or t hogonal transforgxg%eﬁyggfgﬁg %3{a£§% gﬂﬁé?hgﬁa&%n Figﬁ%gn st %0
paranmeter 23 tduiSol ANQS S€ppU i ¥ed to inverse orthogonal transform

When the coding node i'nformation 13 restored by the arithnetic decodi ng
unit 27 indicates thte5arokiiepiedi €&bod iRdeud e Dot 08 eARSas &ty On

unit 7 restores the tenporal predicted i nmage using the notion vector 5
restored by tRemprelsstd cvideadi dgtuni262From the videdtheaotdiengodi ng
node information 13 restored 30 by the arithnetic decodi ng unit 27

i ndi cates the@Pbaratus and subjects the received data to entropy

10 decoding described later, so as to restore the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14, the orthogonal
transform coefficient data 17 and the quantization
step parameter 23.

15 The inverse quantization unit 18 subjects the
orthogonal transform coefficient data 17 and the
quantization step parameter 23 restored by the
arithmetic decoding unit to inverse guantization.
.The inverse orthogonal transform unit 19 subjects

20 the orthogonal transform coefficient data 17 and
the quantization step parameter 23 thus inverse-
quantized to inverse orthogonal transform.

When the coding mode information 13 restored
by the arithmetic decoding unit 27 indicates the

25 motion prediction mode, the motion compensation
unit 7 restores the temporal predicted image 8
using the motion vector 5 restored by the
arithmetic decoding unit 27.

When the coding mode information 13 restored

30 by the arithmetic decoding unit 27 indicates the



18 intra node, the spatial prediction unit 10b restores the spati al
predi cted i mage 20 using the spatial prediction node 14 restored by the
arithnmetic decoding unit 27. 5A difference BEt ween t he spatial prediction

unit 10a of the video coding apparatus and the spatial prediction unit 10b
whi |l e, 1 he ,spati al, diction unit

t ihe vid ¥ . ,
EOatig Xép§8|§%§€9%23?§5%ﬁﬁgé as%%%éggkﬁbsPrfﬁik? i ’énFijfégﬁp?fying t he
i al di Gt J vari et . i, abl tial predicti
mhdes: the spat arobs; the a4, Ble Mt ey BEaRA) ThatRE Rl

predi'cted | mge 201 briom e Spekibal Rbe of kon Jpds Ads LRyl Aoi ven. 15The

swtching unit 54 selects the tenporal predicted image 8 restored by the

notion conpengati®hmetic/ d¥cdhe ipahinglt ppedi cted i mage 20 restored by
the spatial prediction unit 10b, in accordance with the codi ng node

informati n 13 20 reastdiédedwyehbe aséthredénc tdaeodipag: U8t Rredi€tion
switching unit 54 then outputs the selected inmage to the adder 55 as the
predicted i mayaitThéOaddef 3Ferwdsledng adengr etippertk tuegeand tHeomt he
switching unit 54, adds the predicted 25i nage to the prediction errorsignal
out put from t iRdhyadsd bedisohan ttrm;*rfoﬂgrbumﬁ thesovadaw decaidinke

decoded i mage 21. . ]
gapparatus 1s that, while the spatial prediction

unit 10a is capable of performing a step of most

10 efficiently identifying the spatial prediction mode
14 from a variety of available spatial prediction
modes, the spatial prediction unit 10b is limited
to generating the spatial predicted image 20 from
the spatial prediction mode 14 that is given.

15 The switching unit 54 selects the temporal
predicted image 8 restored by the motion
compensation unit 7 or the spatial predicted image
20 restored by the spatidl prediction unit 10b, in
accordance with the coding mode information 13

] 20 restored by the arithmetic decoding unit 27. The

switching unit 54 then outputs the selected,image
to the éddér 55 as the predicted image.
| The adder 5%, receiving the predicﬁed image
from the switching unit 54, adds the predicted
25 image to the prediction error signal output from the
inverse orthogonal transform unit 19 so as to
obtain the decoded image 21.
The decoded image 21 is stored in the frame
memory 3b so as to be used to generate predicted

30 images for subsequent frames. A difference between



The decoded image 21 is stored in the frane menory 3b so as to be used
to generate predicted 30 inages for subseqﬁgnt frames. A difference between
19 the frame nenories 3a and 3b consists in“the difference between the

vi deo codi ng apparatus and the video decodi ng apparatus respectively

hosting the ML 5,00 3) o A WEL b6 Coflng Bndodecadi 8014 Gehd | ed

description now be given of arithnetic coding and decodi ng accordi ng

to the features ©felb®d¥ epeRlyvd N CRHONY iA LHALBA I HCEPHairSaperd oammd by
the arithnmetic coding unit 6 of Fig. 10 3 and a decoding process is

performed by the avitkaetd e cdedioty ng pid a2 of rEisgpedt iFied.y Shoovns ng

construction of the arithnmetic coding unit 6 of Fig. 3. Referring to Fig.

5, the arithméthe mediongiemi.t 6 conprises a context nodel 15 determni nation

unit 28, a binarization unit 29, a probability generation unit 30, a coding

unit 31 arid a transiiddsidritdineyéreraR ddR wn? pA351eTRE 186Nt ext nodel

determ nation unit 28 deternines ,a context. nodel, (described Iater% g i ned
n

for each of 20 indi®i A&FaiyHE SLSEIARGIER a¥itdd WP Ko the? Mt ect or

o thogonal {7 2AararREEa rv eramd wabs SECRELaBr B Ak AT TP or o

each of types 87 bHrRg at ST STH BFSBabi 111y eRernt | Ao T0 HeereR a

probability of s0Gfd¥ F8RGEe®@f LY NBR¥ arithmetic coding unit 6 of Fig.
10 3 and a decoding process is performed by the

arithmetic decoding unit 27 of Fig. 4.

Fig. 5 shows a construction of the arithmetic
coding unit 6 of Fig. 3. Referring to Fig. 5, the
arithmetic coding unit 6 comprises a context model

15 determination unit 28, a binarization unit 29, a
probability generation unit 30, a coding unit 31
and ‘a transmission unit generation unit 35. The
context model determination unit 28 determines a
context model (described later) defined for each of

20 individual types of coding ‘data including the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14 and the orthogonal
transform coefficient data 17. The binarization
unit 29 converts multilevel data in accordance with

25 a binarization rule determined for each of types of
coding data. The probability generation unit 30
assigns a probability of occurrence of binary
values (0 or 1) for individual binary seqguences
after binarization. The coding unit 31 executes

30 arithmetic coding based on the probability thus



values (0 or 1) for individual binary sequences after binarization. The
coding unit 31 executes 30 arithnetic codi based on the probability thus
20 generated. The transm ssion unit generation unit 35 indicates the timng
when the arithnetic coding should be suspended and constructs data

constituting agbkh@sW 88L0M I & ralnd Aesld 16 AYumft IgchdSadild P! 'iaafsé 35
showi ng processes perforned by the arithnetic coding“unit 6 of Fig. 5. 1)
Context node dehdrimatagsor s Oeess d$t fRW 1t heA LONtBfte tREElcd i grodel
that defines 10 dependence of probability of occurrence of data synbols on
i nformati on t hehovdubesevanisatenddd 4hd probalizhicys Batsaitchi ng bet ween
probability states in accordance with the dependence, it is possible to

per f orm codi nd" aBEAPFtIEMEdNhea 16X TobabEISI¥gN RingLt 7ajt] [Wer &tissiagconcept
of context_.nodel. In Fig. 7,, a binary data synbol |s assunmed. Options 0-2
avail abl e for ctx arfetdef ifnetf o d"ril‘g‘éi%i‘lﬂ}ﬁoﬁhOWltheﬂr?ﬁéspﬁ%ﬁabi lity

state of the qapauibolonlo AR SN i 2o 2R S0 hANgES Jepgnding, o1y

1) Context mode determination process (step
ST1).

A context model is a model that defines

10 dependence of probability of occurrence of data
symbols on information that causes variation in the
probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the

15 probability.

Fig. 7 illustrates a concept of context model.
In Fig. 7, a binary data symbol is assumed. Options
0-2 available for ctx are defined on an assumption
that the probability state of the data symbols to

20 which ctx is applied changes depending on the
condition.

In video coding according to the first
embodiment, the value for ctx is switched from one
to another in accordance with interdependence

25 between coding data for a given macroblock and
coding data for a neighboring macroblock.

Fig. 8 illustrates an example of context model
for a motion vector, the example being taken from D.

Marpe et al. "Video Compression Using Context-Based

30 Adaptive Arithmetic Coding", International



condition. In video coding according to the first enbodi nent, the val ue for

ctx is switched from one t o anot her i@laccordance wi th interdependence
25 between codi ng data for a given macrobl 6¢ck and coding data for a
nei ghbori ng macrobl ock. Fig. 8 illustrates an exanpl e of context nodel for

a notion vect afontbe AHX@EPLS bﬁhaget akepcbam Py 200 1 MR b At o\ deo
Conpressi on Usi ng Cont ext-Based 30 Adaptive Arithnetic Coding",

I nternational mcte Confear €nde ofel BRGM £r 06essi RS t2004. vEEr §@ntigxt a model
here is relevant to a notion vector in a macroblock. Referring to Fig. 8,

for coding of magwoebdwdkvector for block C, a notion vector prediction
error nvdk(c), a difference between the notion vector for block C and a
predi ction thereof RedertdnpatpalFinei gBborgori Feddad @fxammytiok)

i ndi cat es g.context nmodel . 10nvdkéA) i ndicates a notion vector prediction
vector for block €, a motion vector prediction

error mvdk(c}), a difference between the motion
vector for block C and a prediction thereof from
its spatial neighbors, is coded. ctx mvd(C, k)
indicates a context model.

10 - mvdk(A) indicates a motion vector prediction
error for block A and mvdk(B) indicates a motion
vector prediction error for block B. mvdk(A) and
mvdk(B) are used to define an evaluated value ek(()
evaluated for switching between context models.

15 The evaluated value ek{C) indicates a
variation in motion vectors in the neighbors.
Generally, if ek(C) is small, mvdk(C) will have a
small magnitude. If ek(C) is large, it is more
likely that mvdk(C) will have a large magnitude.

20 Accordingly, the probability of occurrence of
symbols in mvdk(C) should best be optimized based
on ek(C). A context model is one of predefined sets
of variations of probability estimate. In this case,
there are threé variation sets of probability

25 estimate.

Aside from the motion vector, context models
are defined for coding data including the coding
mode information 13, the spatial prediction mode 14
and the orthogonal transform coefficient data 17.

30 The context models are shared by the arithmetic



error for block A and nvdk(B) indicates a notion vector prediction error
for block B. nmvdk(A) and nvdk(B) are used t9 defi ne an eval uat ed val ue
ek(C) evaluated for swi tching between contéxt nodels. 15The eval uated val ue
ek(C) indicates a variation in notion vectors in the neighbors. Cenerally,

if ek(Q) is Sr&i&iﬁ%\;%ﬁ W Id £have avfaalo: a@a&intgungg' fr KGO d5g! &

it is nore likely that nmvdk(C) will have a | arge nagni e. 20Accordingly,
the probabilitax of hmeauid edecd i aymhol Bti 2 /Mislk( @h sheulak bege i in

optim zed based on ek(C). A context nodel is one of predefined sets o?

vari ati ons of aprobadichis y ®hte nad etelxt thod ediasé e tieham g nartei. ¢ hr @ var @ i on
sets of probability 25 estimate. Aside fromthe notion vector, context
nodel s are dePifnddh ®or IcbhAg ti aciontingi @ itthebcodl nHigpded i sfedrematisor

13, the spatial redi;ﬁgpn gnde 14 and the orthogqgnal transform coefficient
data 17. t 88E IRFE LU eAsHAREY BY 1FeIANT hdBtid%: 22 coding
unit, 27

of the vi deo decodi NG SpPATSTLS. £ TR cort B SbHeMALE brnithab PSP URRL 1287 of
the arithmetigseodiPeunidy 8atli §hossd FELEFYS A5 aW0g! I aBd oL 2 tyPe
of codi ng data.
generation process in 3) below.
2) Binarization step (step ST2)

10 The coding data is turned into a binary
sequence by the binarization unit 29 so that a
context model is applied to each bin (binary
location) of the binary sequence. The rule for
binarization is in accordance with the general

15 distribution of values of the coding data. a
variable-length binary sequence results. By coding
each bin instead of directly subjecting the
multilevel coding data to arithmetic coding, the
number of divisions on a probability line is

20 reduced so that computation is simplified. Thus,
binarization has a merit of simplifying a context
model.

3) Probability generation process (step ST3)
As a result of the processes 1) and 2) above,

25  binarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an

estimate of the probability for 0/1. The

30 probability generation unit 30 refers to the



Sel ection, froma context nodel, a probability estinmate variation is

descri bed as a probability generation process in 3) below 2) Binarization
step (step ST2) 10The coding data is turned into a binary sequence by the
bi nari zation unit 29 so that a context nodel is applied to each bin (binary
| ocation) of thenhienar ynsdgiengesr cihgihle f0r shidwrszat ive bs i o
accordance with the general 15 distribution of values of the coding data. A
vari abl e- | engt hehemarye sehueenoeobedu 1 $£ yByo £ odicngi eaem dx noifnsd gad iaf
directly subjecting the nultilevel coding data to arithnetic coding, the
nunber of divi%#6hAsbdita probability line is 20 reduced so that conputation
Is sinplified. Thus,_binarjization has a nerit of sinplifying a context

model . 3) Probabili ty-Gendr S F8H SprikeSELqRR 8 S1B) tAS £Y_dnated Mrlue
5 bjnari [ f th L ti.l | di dat
ra the.setti mg bF) a I B RoHAP b | SRS PEABABEY ke CBMA et od.  The

and the setting

bins are now raaghyahgr i CORt ext. I 4 riatjons
giving an estinat eao ltlﬁggjp%b%%?%&tly&?orﬁ)ﬁ&q?gﬁhedé;glagro a%lgl if?&/Ja
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So as to generate the probability of occurrence of 0/1 in each bin. Fig. 8
shows an exanpled of ttilon eydl usiedpralhigbd lak{E) THe Sphemapn 16ftyhe

probability. The )
determination unit 30 accordingly examines options

10 available in the context model referred to and
determines which variation of probability estimate
is to be used for coding of a current bin.

4) Coding process (steps ST3-ST7)
As a result of the step 3), the probability of

15 occurrence of 0/1 necessary for arithmetic coding
is determined and identified on a probability line.
Accordingly, the coding unit 31 performs arithmetic
coding as described with reference to the related
art (step ST4).

20 The actual coding data 32 (0 or 1) is fed back
into the probability generation unit 30. The
frequency of occurrence of 0/1 is counted to update
the variation of probability estimate in the
context model used (step ST5).

25 For example, it 1is assumed, that, when a total
of 100 bins have been coded using a variation of
probability estimate in a given context model, the
frequency of occurrence of 0/1 under that variation
of probability estimate is 0.25, 0.75. When 1 is

30 subsequently coded using the same variation of



probability generation unit 30 determ nes the eval uated val ue such as ek(C

showmn in Fig. 8 for selection of the probgﬁ'lity. The probability
determ nation unit 30 accordingly exam nes ‘%tions 10 available in the
context nodel referred to and determ nes which variation of probability

estimate is to used odi E a cyrrepnt bin. in rocess
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occurrence of @flin f Iyt i dj i t.erm and
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arithnetic codvaguardleser olfedo Mit i & efipiencedt et he, palat ed  grd> (step
ST4). 20The actual coding data 32 (0 or 1) is fed back into the
probability gekecatidomantt 3thifhendebqueray, ok faticelentcecold Mg i s
counted to update the variation of probability estimate in the context
nodel used®(stad2BtSd DoFshexaapivalipridbailidy, ofatoceherantcet als of
100 bi ns have been‘%pded using a variation of probability estimate in a
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10 multiplexed into data constituting a transmission
unit as described in 6) below (step ST6).

A determination is made as to whether the
entirety of a binary sequence (bins) of the coding
data has been coded (step ST7). If the coding has

15 not been completed, control is returned to step ST3,
where probability generation for each bin and
subsequent steps are performed. If it is determined
that the coding process is completed, a
transmission unit generation process described

20 below is performed.

5) Transmission unit generation process (steps
ST8-ST9)

Arithmetic coding turns a plurality of
sequences of coding data into a single codeword. A

25 special consideration that should be given to a
video signal is that a decoded image should be
created in units of frames so that a frame memory
is updated. This is because a video signal is

characterized by motion prediction between frames

30 and frame-by-frame display. Therefore, it is



An arithnetic code 33 generated by the coding unit 31 fromthe coding data
32 (0O or 1) is fed to the transm ssion unit, _generation unit 35 and 10

mul ti pl exed into data constituting a transfissi on unit as described in 6)
bel ow (step ST6). A determination is made as to whether the entirety

f bi ' f cadi ( d ST.7) .
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wher e probabi I3yt BeRar At hen f ok o & Qé@&”ﬁ%ﬁﬁps%%@nkﬁ%eg%ﬁﬁgse of
perfornmed. If it is determnéd that the coding process is cohpleted, a
transm ssi on wnilt genesnalhgn wirogess: 1HesC ndreda 20 el ovnich pgef or med.

5) Transm ssion unit generation process (steps ST8-ST9) Arithnetic
codi ng turns &pleaedlaudiof aneuEnaestloé padtpgseatef | pha kesi ngl e
codeword. A 25 special consideration that should be given to a video signa
i s that a UecddetnsMdges shoul &be ecsprasisedndesof fpranesassnhas ian
frame nmenory i s updated. This is because a video signal is characterized by

moti on predi cfh PEMGedP f PETERA B dnte Peshel BYOf Ak tEi SHNay1 emhek 8/t e,
it is 25 necessary.to identify a.boundary.beftween frames in arithnetical
conpr essed dagaﬁ%’i"et'hezubu?ﬁ of tF}d/Ibe“x#Jrﬂlam\ﬁ t'Hh* dther® ngﬂﬁoawﬂafaa? saucﬁ
as voi ce/ audi f r f.pagk 5 1 SSI.0 ressed
data for trang%lis%g? o%rtr#ay g\&;got?%gggup(g??i ?&on%ggi’i]lﬁjf{(?lgniat Lb:stﬁrla@ﬁ%?g?hg)fa
frame. An exafBlea ®h16dtkd ' #AE AEL 15 KRQW $8qdys! i ce structure produced

by grouping a plurality of macroblocks 1n raster scan order. 10Fig. 9
illustrai®s a sliceFdigrucdui@lustrates a slice structure.

A macroblock 1is encircled by dotted lines.
Generally, a slice structure is used as a unit for
resynchronization in decoding. In a typical example,
slice data are mapped onto a payload of a IP

15 +transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header

20 portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto

25 an RTP payload in units of MPEG-4 slices (video
packets).

RTP packets are transmitted as UDP packets,
Since UDP does not support retransmission, the
entirety of slice data may not reach a decoding

30 apparatus when a packet loss occurs. If the coding



A macroblock is encircled by dotted lines. Generally, a slice structure is
used as a unit for resynchronization in decgding. In a typical exanple,
slice data are mapped onto a payload of a I'P 15 transport packet. For

real -time I P transm ssion of nedia data such as video which is relatively

|ess tol erant gf ANsahesiAN §8has ah%al -1 52 dANEAA eI GhpCOl (RTP) i's

often used. An RTP packét has a tinme stanp attached to its header

portion. Sliceif&ba it ivindeps ey heq MBRRAL] 8At & Bi fay! eash perd i 98 tfor
transm ssion. For exanple, Kikuchi et al. "RTP Payl oad Fornmat for MPEG 4
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conpressed video data onto 25 an RTP payload in units of MPEG 4 slices

(vi deo packet s§1iRPP patRetas mieet rathshhte edleas UDPgpagiasatSisice UDP does
not support retransmi ssion, the entirety of slice data may not reach a
decodi ng 38 app@FBadst¥when a packet |oss occurs. If the coding 26 of

subsequent slice datg is,caonditioned on . nformation of the discarded slice,
appropriate decodi nd 7% FOt SHokERF LR evert i §5¢ H’ee%’ﬁﬁé‘qﬁ%nf'osl?’(’i&uﬁeﬁ a
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For example, it should be ensured that Slice 5 is
10 coded without using information of macroblocks
located in Slice 3 above or Slice 4 below.

For improvement of arithmetic coding
efficiency, however, it is desirable to adapt the
probability of occurrence of symbols to surrounding

15 <conditions or to maintain the process of dividing a
probability line. To code Slice 4 and Slice 5
independent of each other, for example, a register
value representing a codeword of arithmetic coding
are not maintained when arithmetic coding of the

20 last macroblock in Slice 4 is completed. For Slice
5, the register is reset to an initial state so
that coding is restarted. In this way, it is
impossible to exploit correlation that exits
between the end of Slice 4 and the head of Slice 5,

25 resulting in a lower coding efficiency. Thus, a
general practice in the design is that resilience
to unexpected loss of slice data due to
transmission errors is improved at the cost of a

decrease in the coding efficiency.

30 The transmission unit generation unit 35



10 coded wi thout using information of macrobl ocks |ocated in Slice 3 above
or Slice 4 bel ow For inprovenent of ,arithnetic coding efficiency,
however, it is desirable to adapt the prob&gility of occurrence of synbols
to surrounding 15 conditions or to maintain the process of dividing a
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for exarrpl Q, a. regi ster va. ue re_pr esenjtl n ewor arithnetic pO 1 ng
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Slice 4 is conmpleted. For Slice 5, the register”is reset to an initia
state so that tipsi Agsiisyn esManteds per 1 hisaldyy , i wheremaessi bl e to exploit
correlation that exits between the end of Slice 4 and the head of Slice 5,
25 resul ting ipess Lbidri tpdpfg Jef & scicehcy 1l itheisd aa gedhieealt ractice in the
design is that resilience to unexpected | oss of slice data due to

transni ssion &ARSNLS S5 hPRoesE AT St Het cO3t xmgldeck@¥se i n the coding
efficiency. 3QThe transn135ion unit generation unit 35 27 accordinﬁg%p t he

first embodi meftt§FAGPERIERAE HRBLYRE AnSddgarat &S P D EAA T
adaptability of .the_desi.gn., Mre specifically, where the possibility of

| oss of sli ce% at a-du utlgf% Fr"‘éﬁsﬂ?gﬁih errors is extremely |ow,

i nt er dependence bet sl Lces. ts di d t kS of i tsed.
When t he possibilit§ﬁ§$1I%§% 3?5§F?2ng%?§£?§£h?gﬁ$¥iﬁ?ef ep%%ﬁgﬁgggbéﬁgeen
slices may beniQ sia¢adedpehddnbd wetodiay efificdenany spadaptively

controlled in units of transm ssion.

10 disregarded so that the coding efficiency 1is

adaptively controlled in units of transmission.
The transmission unit generation unit 35

according to the first embodiment receives a
transmission unit designation signal 36 at the end

15 of a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the video coding apparatus. The
transmission unif generation unit 35 generates
transmission units by partitioning the codeword of

20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.

More specifically, the transmission unit

25 deneration unit 35 multiplexes the arithmetic code
33 derived from the coding data 32 sequentially
into bits that constitute the transmission unit
(step ST6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has



The transm ssion unit generation unit 35 according to the first enbodi nent
receives a transm ssion unit designation si,gnal 36 at the end 15 of a
transm ssion unit. The transm ssion unit désignation signal 36 is provided
as a control signal in the video coding apparatus. The transm ssion unit

generation U”H$e§ﬁ'gﬁﬂﬁéﬁé%§x§faﬂ m.ssk QR Uni L s Qy1pﬁﬁtqggéﬂ%
codeword of 20 the arithmetic coq2.§%§$egé?Vé% Fronlt e arit ﬂgf%gfgghing
unit 31 in acqmﬂan@aey\iw%hatthﬁ:ﬁ! giikgh 1 Giwe | 9pep ofrkhe twrasM SEi Qs unit
desi gnati on signal 36. re specifically, the transm ssion unit 25

gener ation unideB8érmilne @l ehest t be ddrmd hiret iy £ode 38e demitviedefnond Fhey
coding data 32 sequentially into bits that constitute the transm ssion unit

(step ST6). THerangmsidstponumlit dereravitorbemnt cRBnpéedrad nes osherivdr
coding of datg for 30 macroblocks that fit into a transm ssion unit has 28
been conpl®t ed:® byeterdtednsa S Eae SRhshosskbatuihedastpmnianigral 36

step ST8). Wien it is determned.that coding to build the entirety of a
gran;ﬁss?on S'tahﬁgqﬁ)xge&? %ﬁmﬁﬁ%d?ugé%gﬁﬁ i§tﬁ&ﬁw%E8tcy;tep ST1

so that the det 1nati on of a context nodel and subsequent steps are
per f or med. V%gﬁ£%f§?§“ﬁ£ternined that the coding to build the entirety of a
transm ssion unit | sqh(é}grp%%t & s 19t h § goym S£8LeN HRkLL cgﬁg\fggt 1408 Egi]éle gw

constructs a header for the subsequent transm ssion unit as scrib
(step ST9). the entirety of a transmission unit is complete,
100 the transmission unit generation unit 35 constructs
a2 header for the subsequent transmission unit as
described below (step ST9).

1. The unit 35 provides a register reset flag
indicating whether a register value, which

15 designates a probability line segmentation status,
i.e. an arithmetic coding process for codeword
representation, should be reset in the next
transmission unit. In the initially generated
transmission unit, the register reset flag is set

20 to indicate that the register should be reset.

2. The unit 35 provides an initial register
value, which indicates a register value to be used
to start arithmetic coding/decoding to
build/decompose the next transmission unit, only

25 when the register reset flag indicates that the
register should not be reset. As shown in Fig. 5,
the initial register value is provided as an
initial register value 34 fed from the coding unit
31 to the transmission unit generation unit 35.

30 Fig. 10 illustrates a bit stream generated by



1. The unit 35 provides a register reset flag indicating whether a register
val ue, which 15 designates a probability Ihﬂﬁ segnentation status, i.e. an
arithnmetic coding process for codeword représentation, should be reset in
the next transmission unit. In the initially generated transm ssion unit,
the register reget ofd pOhhe1Set 28dih 4 ndihGat egt.hat the register should be
reset. 2. The unit 35 provides an initial register value, which
indicates a registerayakbow® be Uskg.tqost agt jard t heeld«r cadivig/ gegodi ng
to buil d/ deconpose the next transm ssion unit, only 25 when the register
reset flag i ndiempessdhat thiedeegisstieresHatial dotc bedeesat . s Ad cshosvn aint
Fig. 5 the initial register value is provided as an initial register value
34 fed fromtKLB8di ffianreBistert Hees pinsd 851 deaard pdeiat i'on" unit 35.
30Fig. 10 jllustrates bit, stream generated by 29 the arjthmetic coding
unit 6. As>sh Yﬁ*ﬁ{beléﬁ%ﬁiaé @aP LRI aVRIMN @ ofipidskRd eFsfbolatiee
data incl udes | start code, .the reqister reset flag described in "1"
5 above, the itgxlétsiiéﬁ‘%r esgf:lgfa@m vapded rﬁﬁ?ﬁpﬁ:el}(%drierﬂjos{:ﬁégb]f?sgttr e@ﬁ@nl y
when the regi ; f I ndj.ca t..the.regi ster I be
reset. Wth t%ﬁﬁggg |5nf4c:)?%aﬂt ingggdtg?: %’ngébg\l}gﬁlgi& Ho MY (}e@ét_
With the added information described above,

slice~to-slice continuity for arithmetic coding is

10 maintained even when loss of the preceding slice
occurs, by using the register reset flag and the
initial register wvalue included in the current
slice header data. Accordingly, the coding
efficiency is prevented from becoming low.

15 Fig. 10 shows the slice header data and the
compressed video slice data being multiplexed into
the same bit stream. Alternatively, as shown in Fig.
11, the slice header data may be carried in a |
separate bit stream for offline transmission and

20 the compressed video slice data may have attached
thereto ID information referring to the
corresponding slice header data. Referring to Fig.
11, the stream is transmitted in accordance with
the IP protocol. The header data is transmitted

25 using TCP/IP that provides relatively high
reliability. The compressed video data is
transmitted using RTP/UDP/IP characterized by small

delays. In accordance with the separate

transmission scheme of Fig. 11 for transmission of

30 headers and transmission units, the data



slice-to-slice continuity for arithmetic coding is 10 nai ntai ned even when
| oss of the preceding slice occurs, by usingpthe register reset flag and
the initial register value included in the current slice header data.
Accordingly, the coding efficiency is prevented from becom ng | ow 15Fi g.

10 shows the streaeshedtieedaiaiagd Rhe/con/ epsaetkyddaatsibee data being
mul tiplexed into the sane bit stream Alternatively, as showmn in Fig. 11,

the slice headeartidttaiompdoelmhorissdicasa separate bit streamfor offline

transm ssion and 20 the conpressed video sljice data may have attached
thereto I D infornatibier&ferfLAg§ao PAE icoHk &¥potRIIHE LR T cECFeldbindat af

Referring to Fig, 11 the streamis transmtted_.in accordance with the II’
prot ocol . The ’rfgsaggi%‘?adie?‘f?arﬁéjrﬂ’wﬁﬁ Fodedy TRPFWSFRaf prbdfes

rel ativel yghi gh: kahility. The conpyessed vi.deo. d IS ansmitted using
RTP/ UDP/ | Pschgér]nééﬁé%i gfe%%bilé s%?ﬁnde?%%?_ Ianl_]%c oj?%'i‘%?g vx% % the separate
transm ssion %@f&ﬁb%frfggi alle 5Qr 4 205354 OR Q¢ 39e*&%?&’§ﬁﬁpafr}5ejzédanot be

transm ssion units, the a 30 transmtted using RTP/ UDP/

partitioned i ¥icki eetn be redamed shuegseRasipal by ragi behdesetting
of interdependence (context nodel) between a video 5 signal for a given
slice and sigmdliscésr. MEhdgbbari by anehsgt aleystr & tdab pdecodivigidor a slice
can be resumed i ndependent of the other slices. This will bring about a

drop in videocesting &fficdency.
10 Once it is ensured, howeéever, that the initial

register status is transmitted over TCP/IP, as
shown in Fig. 11, video signals may be coded by
fully exploiting the available context models in a
frame. Resultant arithmetically coded data may be
15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes 1is consistently obtained without being
affected by the conditions occurring in a circuit.
20 Therefore, a bit stream produced without the
constraints of the slice structure can be
transmitted, while ensuring a relatively high
degree of resilience to errors.
In an alternative approach shown in Fig. 12, a
25 layer above may be used to indicate whether a
syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a register reset control flag, indicating whether a
syntax comprising the register reset flag and the

30 initial register value is to be used, being



100nce it is ensured, however, that the initial register status is
transmtted over TCP/IP, as shown in Fig. , video signals may be coded by
fully exploiting the avail able context nodél's in a frane. Resultant
arithmetically coded data may be 15 partitioned for transm ssion prior to

RTP packetizagﬁ@ﬂtifﬁ%%%%g”%l¥90tgi%u?ggéEa%ﬁ: 58@%%32E50Q1$§E3%§k0the

fruit of arithnmetic c processes 1s consisten tai ned w ut being
affected by tm%@QBWééQBéM§¥4%Eh@9érbﬁugdié% - 2D Thered oF@anfedit
stream produced wi thout the constraints of the slTice structure can be
transmtted, while ewstireRGnIel, ativehy ikl gis degnaernti neadi thenceche
errors. In an alternative approach shown in Fig. 12, a 25 | ayer above may
be used to indiieteivherhad idwyhtad wonpnidsisigabie regdsteer reset flag and
the initial register value is to be used. Fig. 12 shows a register reset

control flag, HifReBdisfionettiey hespragibdifprb¥i sprndsteptdar reset
flag and the 30 injtial register value is to be used,,(geinggf 31 nul tipl exed
into a header Zt%thédq of §MieBT SedUerRBIESDT i & ng-AeR BFREPENDE  vi deo
frames. For ex l.e. _when it is determned th h ircyit,quality
is |low and st :}fb % ]g?gg%%éf:r efr%%%sf:@rfl%gribeﬂp%gsi%t eéggi gtoé\s:i&deﬁf?ge
resetting regkgtars r Vi.de n I r t,eontrol
fiag 15 Set DaTrid: SAve T Patar g A EFay s Feasl AE0 T RS s 2
slice thr OUQthltid@et}iirdﬂQ?ﬁ%wnﬁﬁe Iy §BbS d§@enkie | ha d eghikercd €86t

flag and the initial register value need not be nmultiplexed on a
slice-by-ddl i céhleevied g iBt €pntriedl ¢t NG Va9 aher tigeetitn hyianl arggdexsequence
| evel , overhead information otherwise 15 transmitted for each slice is
reduced in sivYalweemetsr meénpie, maldpepléxed concd tsddrth +byr (fore
level.
By controlling register resetting on a video
sequence level, overhead information otherwise
15 transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+1lth frame) in a video sequence,
Fig. 13 shows an internal construction of the
arithmetic decoding unit 27 of Fig. 4.
The arithmetic decoding unit 27 conmprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38. The transmission unit
decoding initialization unit 37 initializes, for a

transmission unit received, an arithmetic decoding

30 process, based on added information related to an



exanple, a specified error rate in a circuit) persists. The regi ster reset
control flag nmay of course be attached to a header of any desired video 20
frame (Nth frame, N+tlth frame) in a video é%buence. Fig. 13 shows an

internal construction of the arithnetic decoding unit 27 of Fig. 4.
o

The arithnmetic_decoding. unit 27 conprises transm ssion unit decodi ng
initializati onagﬁ?’?m?g?lczﬁcé) bﬂ?e%pn‘#roaéllchb‘ﬁ‘é mirfat Folt S f?’:28,191?;1@
bi nari zati on i , abj || e t] [ odj ng,unit
38. The _transﬂéf%%tuﬁ?faggco%%'ﬁ%lﬁ} ?%!q“loz’g??ggtunfg |[?1~ngeffaj1$ézeg,hef or
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added information related to an 32 arithnmetic coding and included in a
header. The cordexbrnadel tHet af gidald ofodli ti RBoirgient ibinest 3 he thywe of
data, i.e. identifying whether the notion vector 5, the coding node
informati ol 1% pateald gpaeddlctpiedi atoda dddeot4tdre t be tdrddwganial
transformcoefficient data 17 is to be restored by decoding, so as to
deterni ne a coitENd Lpddel cosHdr baibyn tt hdadiaddo? cddi ngoaprarae 8 oareidt hy
vi deo decodingeggggratus, for the identified type. The 10 binarization unit
29 gener at es 1Pat i DR AR et BefiGledrdm e he oMt PKted*@EEddi ng dat a
type. The pro ility,generation. unit 30.qives the probahility.of .
occurrence of gglgac#é%i Hg’( Onte%? f}lﬁlﬁoa&%‘?agﬁcea%??ﬁ%p% Sbiar‘fé‘#i %&tei oh-f6Pe
and the 15 co el di ni.t. .38: f [ ti codi ng
Bledd el e daredi 06, unih 5% BELIOL PR ¥ 1L PELI Grffgcodi T

based on the probabllrty us genefated so as to restore
5, the codi ngpARderi phe MR i oM 18, 2T9h§;{éﬁa&laaie§rﬁdlxpiha&i@aei% apgyLhe

ort hogonal transform coefficient 20 data 17 1 n accordance with the binary
sequence resudeifrindédomoar i theeti gefaciordiag aislebld hinaaEizat tgmpd ul ehe
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.
Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Figqg.
25 i3.

6) Transmission unit decoding initialization
process (step STI10)

As shown in Fig. 10, the status in the
decoding unit 38 is initialized before arithmetic

30 decoding is started, based on the register reset



Fig. 14 is a flowhart show ng a process perfornmed by the arithnetic
decoding unit 27 of Fig. 2513. 6) TransnlsS|on unit decodi ng
initialization process (step ST10) 3As shown in Fig. 10, the
status in the decoding unit 38 is initiallzed bef ore arlthnetlc 30 decodi ng

Is started, based on the register et |l ag a jniti i ster
%f@ﬁed"mlﬂtﬁké*gc‘hnﬁz “tecthe bher VEiReas 4 B IR

val ue 34 nultl

ST10), the regllg{zgr et fla rgei%' natln V\@etsla%r tglg regéib“eﬂcrev?%%%p
€ n

indicating th rlthne ctES: cess Ts rese oF not

register val U%T?o eseénew %ﬂé%‘e"% Fegiext emglttafeéig*rﬁaﬂ%dﬂﬁﬁether

7) Context nodel tern1nat| process, binarization process and

probability gmatle@hﬁ@%e%iaﬂﬁeﬁﬁdamp@ﬁﬁgs e perifonmed by theling
context nobdel determination unit 28, the binarization unit 29 and the

probability genesatisen 1w keeshowm natki gihéd. tHheseegybsessesvalae is
identified as steps ST1-ST3, respectively, in the flowhart and the 15
descri ption tmﬁﬁﬁtfl§hm1umatsamu¥®§eﬁtﬂé vailiie ad 4t ol $ h& Tonuead nodel
determ nation process STl identified as the process 1), the binarization

process ST2 identifi‘dd @@ntiexr Badel o efnariid at bB&Li BT OF Yofer ati on

Process 5T3 1 dent) (ed @520 LS R0ress ¥, L4 11650 Sofldic eRBy 2t us-

process

10 These processes are performed by the context
mnodel determination unit 28, the binarization unit
29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as steps
ST1-ST3, respectively, in the flowchart and the

15 description thereof is omitted since they are
similar to the context model determination process
STl identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as

20 the process 3) in the video coding apparatus.

8) Arithmetic decoding process (step ST11)
The probability of occurrence of bin to be

restored is identified through the processes 1)-7).
The decoding unit 38 restores the value of bin

25 (step ST11), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparatus, the decoding unit 38 counts
the frequency of occurrence of 0/1 so as to update

30 the probability of occurrence of bin (step ST5).



8) Arithnetic decoding process (step 5T11) The probability of
occurrence of bin to be restored is identigied t hrough the processes 1)-7).
The decoding unit 38 restores the val ue of Bin 25 (step 5T11), in
accordance with the arithnetic decodi ng process described with reference to

the rel ated m@helgg%éafﬁéaﬁn{?fEQHEﬁEQ%é§ &B%@gfﬁgoﬁﬁgggdﬁugfggua

t he decoding unit counts the fréquenhcy of ‘occurrence SO as
updat e 30 the pipbabisiidye of b‘}c%ﬁ\g%%iﬂﬁ Bith ($kep ST inaB¢ Ther dggodi ng
unit 38 further confirnms the value O0f bin"restored by conparing it with a
binary seriesettern dedfgdddbyhenu npinzati eatriwe calep H3XYp S5If the
val ue of bin restored is not confirned as a result of conparison wth the
bi nary series §%kt2 gkn defined by the binarization rule, the process
identified as step ST3 for generating the probability for 0/1 of each bin
and the subsequent I6 priveevsdsiar efpdrinr merstores sheond | AO 5L 8PS AST3,
ST11, STS, 8T12). the value of bin restored is.confirnmed b

| f
successful |y ¢hi RS 4i P h CORIMBRATASO BeM kel pAhiSe il BE hel R B fie
bi nari zati on I he data 15 i.ndi cated by the t.chin ttern are out put
as the restorg’%\tgia?]f’:f1 fjfe%%‘éeaeé’dﬁi ﬁ%q gbﬁ arcjo?rgl%é‘toélfg‘rﬁ%'e éﬁ‘tei rety of
transm ssi on (R h ; s (st.e 3) h I
deterninationtFggagg 8$ﬁ§ e%ké%%iaﬁﬁ Bﬁggéuggg%ugﬁﬁpp %g%g§£§§£ﬁlé?ge
perforned repgabaiiyiUakly £8e @Uirelyy Qhctl ansAl aSiPNtHY ts b bsdaseand.

As has been described, according to the first enbodi nent, for transm ssion
of conprédsedprbdessses are performed for a second time (steps
ST3, ST11, ST5, ST12).

If the value of bin restored is confirmed by
successfully matching it with the binary series
pattern defined by the binarization rule, the data

15 indicated by the matching pattern are output as the
restored data. If the decoding is not complete'for
the entirety of transmissiocn unit such as a slice
(step ST13), the context model determination
process of step 8T1 and the subsequent processes

20 are performed repeatedly until the entirety of
transmission unit is decoded.

As has been described, according to the first
embodiment, for transmission of compressed video
data in transmission units such as slices, the

25 slice header data has the register flag and the
initial register value 34 attached thereto, the
register reset flag designating whether the
register value indicating the arithmetic coding
process is reset or not. Accordingly, it is

30 possible to perform coding without losing the



data in transm ssion units such as slices, the 25 slice header data has the
register flag and the initial register valug.34 attached thereto, the

regi ster reset flag designating whether the"“register value indicating the
arithmetic coding process is reset or not. Accordingly, it is 30 possible
to perform codcag i Alquly 981 RGd Ner s FhiRORLINUE LY 1%y LHLoRI OB
codi ng process. The COdI%b efficiency i s malntained, ﬁ%l e the resiliénce
to transm ssi oBoRliog Selfs i PEAVRd. i Peaii Ngadiné@sukiipnteceggs is al so
possible. 5In the first enbodinent, a slice structure is assuned as a
transm ssi on unes.iA éecratt vekyatdeipreesent emyepti s | smequad &V .
applicable to a configuration in which a video frame is a transm ssion
unit. 10 SeconBe&msbingemt Apeantldraati veodeaf iigur aflisen pésetid bei.t hnetic

codi ng uni% 6 and the arithnetic decoding unit 27 according to the second
will now bB the first embodiment, a slice Structure is

enbodi nent
assumed as a transmission unit. Alternatively, the
present invention is equally applicable to a
configuration in which a video frame is a
transmission unit.
10

Second embodiment

An alternative configuration of the arithmetic
coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be
15 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
20 slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin,
For example, referring to Fig. 8 in the first
embodiment, in order to improve the arithmetic
25 coding efficiency for block ¢, information on the
motion vector for block B above block C is
exploited to determine a variation of probability
estimate. Accordingly, if block C and block B are
located in difference slices, the information on

30 block B should be prevented from being used to



15 described. In the second enbodi nent, not only the register val ue
indicating the status of a codeword fromthe arithnmetic codi ng process but
al so the status of learning of a variation™of probability estimate in a
context nodel is nmultiplexed into the 20 slice header. The status of

| earning 0Cour go k. iy BY QAT b LbY 9RNPERY Ol UBIdo FPrpddie uni t updates

the probability of occurrence eac For exanple, referring to Fig. 8

in the first enbodi neRis iﬂb@ﬁseﬁ:htepciﬁnreOV@oa!ieagarétffrm:ti@nag cpdi ng
efficiency for block C, information on the notion vector for bl ock B above

bl ock Cis explowteadkdoidetaerdentga waliéeate oanhef ppreobabiilliiyyestif mat e.
Accordingly, if block C and block B are located in difference slices, the
i nformati on orp@oublekc B disoud dapé iprelgnidelt rov befng subed © c@atext
determ ne the probability of occurrence. This neans that the coding

ef ficiency?i s B¥%Bred in a desi gn where the probability of occurrence

[ daptively det i ned_usi text 5 | . . dingly, th
Second enbod ment prttr 058 1 e hod RS as SBpacRe et FoPor RgodR =
dapt abi lit ign._ Th i ffd cl ek i1k i th
?rgﬁsﬁi;s:o% 3&?@H§gq%§%egaf%i%%§§%ép |%e&?ﬁ%ggﬁﬁ¥ﬁ4%gn£ﬂtﬁﬁ?haf t he

siice-to-slicad b RadPPnigncss | AneCREst off . abhlch@baq rpdé Ag ili BRicy
gar de ut fully expldited I1n a case ere the probability of [oss of
slice data dugiltht GdiSih SEH@N €©F hALRiSsd ennlit | 0w aiéhe isd i ce-

10 adaptively contreolled such that the slice~to-slice
interdependence in respect of arithmetic coding is
be disregarded but fully exploited in a case where
the probability of loss of slice data due to
transmission errors is extremely low and the slice-

15 to-~slice interdependence may be disregarded in a
case where the probability of loss of slice data is
high.

Fig. 15 shows an internal construction of the
arithmeﬁic coding unit 6 according to the second

20 embodiment.

A difference between the arithmetic coding
unit 6 according to the second embodiment and the
arithmetic coding unit 6 shown in Fig. 5 according
to the first embodiment is that the probability

25 generation unit 30 delivers a context model status
39 to be multiplexed into a slice header to the
transmission unit generation unit 35.

Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit 6 of Fig.

30 15.



15 to-slice interdependence may be disregarded in a case where the

probability of |oss of slice data is high. 4 Fig. 15 shows an
internal construction of the arithnmetic cod%ng unit 6 according to the
second 20 enbodi nent. A difference between the arithmetic coding

unit 6 according to e : QH$Pfi t api;t I dj ni{, 6
showmn in Fig. 5 acco% iﬁgﬁggagﬁé ITst ﬁ%%g?ﬁ%ﬂ$eiglfﬂ§§£kﬁéggrgg%gylef

25 generation ENbwdRagel iversig .cont gxcdPdehstabusnd £orba nultipl exed
into a slice header to the transm ssion unit generation unit 35.

Fig. 16 is a fénhohrbitnesowl sagthlae: ptheessopeekar neddleyl tdeaanid hpet itChat
coding unit 6 of Fig. 3015. 37 An i medi ately appreciable difference
fromthe flowchaeuxd Eng.tleeapcoakshyg td thbep r$T 3 edisodi geneliatimag t he

context nodel status 39 that occurs in the process_of step ST3 for )
gener ating®5 theepiobababityiby edcweendE once/ ©f of /dackobi gach, binpe

| earning status 39 that qccurs.in the rgﬁgf'lihy generation.unit 30 as it
updat es the vart &ri Gt LEOEROPA (5 Pt & FHAC CBREBAS nidel thFs

I tipl d i k h i,n. the 10, t [
(step stoy i nBrebAb Rk g BN B AT AN e} Bn 30 a5 33 oybbadhd | B8 g &

(step ST9) in transm generatrt on~uni

header for the NeXbdiSASHISSHLPAPAHL kY % SLY P eCOB | JUERL QI RS the

regi ster value that occurs in the binary arithnetic coding 15 process of

step ST4. moded., lisi khhust { gt esceéd comttaxt tieded 1 ey magddshat Ua. the

description wll be given of the neaning of the context nodel | earning

status 39 @si meddgr Idonstruction process (step STY9) in the
transmission unit generation unit 35 for
constructing a header for the next transmission
unit, in a similar configuration as the register
value that occurs in the binary arithmetic coding

15 process of step ST4.

Fig. 17 illustrates a context model learning
status. A description will be given of the meaning
of the context model learning status 39 using Fig.
17.

20 Fig. 17 shows a case where there are a total
of n macroblocks in a kth transmission unit. A
context model ctx used only once is defined for
each macroblock and the probability in ctx varies
macroblock to macroblock.

25 The context model status 39 is inherited from
a transmission unit to the next transmission unit.

" This means that the final status ctx®(n-1) for the
kth transmission unit is made to be equal to the

initial status of ctx in the k+1th transmission

300 unit, i.e. the probability p0, pl of occurrence of



20Fig. 17 shows a case where there are a total of n macroblocks in a kth
transm ssion unit. A context nodel ctx usedygnly once is defined for each
macr obl ock and the probability in ctx varies macrobl ock to nacrobl ock.
25The context nodel status 39 is inherited froma transm ssion unit to the

nexttransmssoonnnﬁm.cﬂﬁﬁiwwﬂp)me.ﬂpegfmyﬂm§H@Ugbcbék@hgglh¥0the

kth transm ssion unit is made to be equal to the initial status of ctx in

the k+lth transhesgimmb8bilnity ipe, phe fpredakidiéncel,oPl 09f locgdrrence
of 0O, 1in ctxk;l(n-l):o, 1, 2 is made to be equal to the probability po,

p of occurrencetdf (8- i nTétexk¢ nansmifye iomang niidsi aneniat genenat i on 3uwi t

35 transmts data indjcating the status of ctxk(n-1) in the header of the

k+lth transni sstoRSHkES ﬁia&a 18ndleltisestBepistatudah Hehdrat(@-by t he

arithmeticccodi ng, unit. 6_accordi.ng to th econd enbodi nent. In the second
enbodi ment > tﬂlerpsFF’(?e lh%ﬁ%@rr OF %d“‘? h%""g&ﬁbr‘é§§ébs’w8§ol%‘|‘i U&3idfat a has

I nformation indicati th o} t | stat of e I n I

attached thereto, in ‘addi ?iegnfig)ﬁt%g})gfe'ﬁ:se %t gr%'tt csoég%ﬂpr%egrg%gellg?g?dfg%%t

flag and the igldi ak ingghstalc Vabis A¢cRndiidet A dde- iy} 43 di ment
shown in Fig. 10. In an alternativelg%nﬁﬁgurationc%$ théﬁiecon é%bodinent,
the register mesednll agnled iimehyde an i ndi cati on of whet her the context
nodel status is

In the second embodiment, the slice header for

10 the compressed video slice data has information
indicating the context model status of the
preceding slice attached thereto, in addition to
the slice start code, the register reset flag and
the initial register value according to the first

15 embodiment shown in Fig. 10.

In an alternative configuration of the second
embodiment, the register reset flag may include an
indication of whether the context model status is
multiplexed or not, in addition to an indication of

20 whether the initial register value is multiplexed
or not,

A flag other than the register reset flag may
indicate whether the context model status is
multiplexed or not.

25 Fig. 18 shows the slice header data and the
compressed video slice data being multiplexed into
the same bit stream. Alternatively, as is described
in the first embodiment, the slice header data may

be carried in a separate bit stream for offline

30 transmission and the compressed data may have



mul ti pl exed or not, in addition to an indication of 20 whether the initial
register value is nultiplexed or not. A flag other than the register
reset flag may indicate whether the contextipodel status is nultiplexed or
not. 25Fig. 18 shows the slice header data and the conpressed video slice
data being multiplexed into the sane bit stream Alternatively, as is
descri bed in thetkiolsé deningt gent , 1 bhd rof ¢ emahebdar Wafarmayn e toarthed in
a separate bit streamfor offline 30 transm ssion and the conpressed data
may have 39 eetracspionkdrregosili ¢afamieéondaterring to the

correspondi ng slice header data. Fig. 19 shows an interna
construction of the Bigthrieli & hgaeddimy LRt e127R hc € UE{F ot Lo sefortthe

enmbodi nrent. A difference between the arithnetic decodjipng unit 27 accordin
to the second aeﬁbﬁg‘%%%caﬁoe?ﬂéldﬁit Hiektt c2 aec?o‘"d?ﬁé’ciﬂﬂgﬂ X0 aEdGt of ﬁ@’qrbgl

the first gnbaodi t. sh i i, 13 is that .the t i ' it
decodi ng i i t IS SHATERT bt 14 39 1107 OF SPRE ob PEIRRE e thBodimht B4 59

di t i t i t I t 9 f
fhe i medi at el o Soal o§ Y T A FFEHEHS FRY PR ol sRbRdEndh e O
probability gengy athen apik e e d h@écg@iﬁgnﬁﬁﬁtmﬂﬁ' a¥lABHS iy to
inherited 15 fromthe imredi ately preceding Slice. Fig. 2015 a

flowchart showihyg fipisacesmed ialdee Bhndwe am thmgt c1dedadi pgauni £h27 of
Fig. 19. ?A difference between the flowhart of Fig. 20 20 and that of Fig.

14 is that, itraepmIEDidar unansdssodingi i ndechdilngz aniitaal unatt opy the
context nodel status 39 restored fromthe slice header is output to the
process 8f0 st ef IMef avr Hehevett ing déeoddotmbiniitly 87 cacgomhitagoft @/ t hfeor
25 each bin by referring to the context nodel determined in step ST1l. The
context nodel 3&CRnd sobedimerd sebhlveds sthsedcpdtyentr Mxdefe status

robability of occurrence of 0/1.in the probabil.it neration unit.  30.
P y gg‘f%r the gmmediately réceding e multiplexed

into the header to the probability generation unit
30 so that the context model status is inherited
15 from the immediately preceding slice.
Fig. 20 is a flowchart showing a process
performed by the'arithmetic decoding unit 27 of Fig.
19.
A difference between the flowchart of Fig. 20
20 and that of Fig. 14 is that, in step STI0 for
transm;ssion unit decoding initialization, the
context model status 39 restored from the slice
header is output to the process of step.ST3 for
generating the'probability of occurrence of 0/1 for
25 each bin by referring to the context model
determined in step ST1. The context model status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probability .
generation unit 30. )

30 If the number of context models is extremely



301 f the nunmber of context nodels is extrenely 40 large, carrying of the
context nodel status in the slice header irtdoduces an overhead caused by
slice headers. In this case, context nodels providing significant
contribution to the coding efficiency 5 may be selected so that the
associ ated stat@¥59fs MAELPliexedef the pemeRifpIRedrdt iDhaedt ofd dde
or t hogonal tr%sgforn1coefficient data represent a |ar ortig¢ in the

enti e codi ng Vbt Gfic RGAERET YRT POILE BEUS hey VEE RAREr (TRUSFE kHesd ice
context rodel s, onhuccThe LvRs of capt oxt Indel, o pRLGL LhECY AR S

i nherited may ‘be explici i pl'exéll imto - a“bit ream

status may be Seheellied Xl Nei 6% 0L oAt 8ile COEN g MBEE e Lanc
depending on the local condition that occurs in video. As has b
descri bed, 5aceidi Be te1betfosed ahedi MmN, akWod LaReA SSLAtWE is
conpressed video data in transm ssion units, the slice header data 20 has
the regi ster feEgtipleiadtial register value 34 and the context nodel
status information attached thereto, the initial register flag designating
whet her the registeFoml asanpleat inptiba arechoats cagsti agtpraogessli s
reset or not, and 25 the context nodel status information indicating the
context nodel tiaR§Eogm t fe effbaisret ydptdccHeRF 23 £RE. ActBrHSgly, it is

ible t f di i th | osi t h t nuit f.th jthneti
possible {0 PRLLAELACC N0 WL Rout 105! ng e cont) MU of L, ATt
resiliengg tosttlraaﬂ‘&é“ @%ﬁ”be‘”ir?ﬁé?:risté I 0¥ e cont OxtNGS8E9Rd
enbodlrrent, a Sl ce sir tdre 1 s assune as a transm ssion unit.

Al ternativel yontiRe, PE&SENE ypoVEE T 01l Se RO HeAPPELEARIEIER &he

status is inherited may be explicitly multiplexed

en

into a bit stream so that the status may be
selectively inherited for important context models
15 depending on the local condition that occurs in
video.
| As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data
20 has the register flag, the initial register value
34 and the context model status information |
attached thereto, the initial register flag
designating whether the register value indicating
the arithmetic coding process is reset or not, and
25 the context model status information indicating the
context model status of the immediately preceding
slice. Accordingly, it is possible to perform
coding without losing the continuity of the
arithmetic coding process. The coding efficiency is

30 maintained, while the resilience to transmission



5 configuration in which a video frane is a transm ssion unit. In the
second enbodi nent, information indicating tshe context nodel status of the

i mredi ately preceding slice is attached to a 10 current header. Therefore,
referring to Fig. 8, even when block C and block B i medi ately preceding

bl ock C are | coatedsi n i igrentesl.i ces, the coding efficiency is inproved
t hrough probability adaptation using context nodels, by exploiting the 15
cont ext nodel statudrmoftbeocke@®onad detbomimaytihe psoliabe | Fiyr ok uleocksC.
The coding efficiency with which the transm ssion unjt is coded js
adaptivel y coRSOINed fghat HataREa i3 s et d1Bltce A ht EFILHEATSHER /i &It

di sregarded but the context 20, nodel status for the | i at el recedi ng
slice is full PX&EPFBit Y Rl 3B e Whhet 84 b&@éﬁr’r%d’o? I%(S%lsepof slide
data due t,0 transgi ssion errors_is,extrenely. . Jhe_cont ext, nodel status
for the iéﬁedf%ﬁgg%agfgg%ﬁ?ﬁgJ??igg%éﬁngt‘%@%ggggah%ﬁ% gggs ice-to-slice

interdependenggfhﬁsﬂg§ﬁ§g@ﬁdggl'g_a case where the probability of |oss of
slice data is high. Referring to the bit stream syntax shown in

Fig. 18, the secondygnhoglemyichas kegpodeseshegd BOfagsitid i hat
information indicating the context 42 nodel status for data in the

i medi at el y pilecddrayisig cthies @b haehetd modathsslatcesheadethien addition to
the register reset flag and the initial register value according to the
first enbodi mbamediAtedrnapinastgdine ¢ &diost ebsr asictarhgd at@® tdhe initial
regi ster _value according to the first enbodi nent nmay,  be omtted so _that
only thehqﬁoFHﬁﬁQﬁFiﬂﬁ%@?ﬁm;?h@ﬁﬁﬁﬁ@?vr%ﬁéﬁ%géF&;?%rF&ﬁa.?nthe

i mredi I di | i [ h 0 i h sli header . .

Aot nat | vel YU BRe THRPe L AEdolC SERFLTBGH ] g ied e Ge 2" 5 g
rnat i e EBfif s 2B R

egi stor val ditabdorai A5 T o TPt PRor ElaE ke o hrgThea. 05 PRACIAI y

15 when the copeexi JRAS! BLaliys, F69%lq fL8Fd$ghl brdpab thergontext nodel
status is not resefj thglinfoﬁﬁg%#on indicatin% tﬁg cont ext n%ﬁel status

;or gata in tagaprediatinel ys Pnef edbRE Sk tCad Sedbt,ached f:0p1uSec ifg the
eCOIIEa520context model status of block B in determining the
probability for block C. The coding efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
20 model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the
25 slice-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.
Referring to the bit stream syntax shown in

Fig. 18, the second embodiment has been described

30 assuming that information indicating the context



Third enbodi nent A disclosure will now be given of the third
enbodi ment in which transnmi ssion units areé4@onstructed according to a data

partitioning format 25 in which coding data are grouped according to a data
type. The exanpl e expl ai ned bel ow i s taken from Wrking Draft Nunber
2, Revision 3,M¥FIBErst Buporf @r vii@dd chblli e chawme Hid&gssedPrr Jetisng

Vi deo Tean130ﬁ%ﬁVT of SO IEC MPEG and | TU-T. VCEG, The draft 43 . .
YChard i REA@TIC] LFectRFE t5heCEs NFRFETark! maGbbldoks i n

di scl oses as
nt _data.,unit

a slice structyre 0 LN Fig. 9, a rouped.. . The,.resul

i s transmi ttedﬁlg ntﬁ%eslf‘]e#"’r[‘nsg%%l ggge’d:atéia%hea'ggi &8s a&?‘}%%gt L Uhiyrer
constructed b pi | f o] tas S t hose shown
bel ow, for ex?n%llrlge a'@ﬂ:odfl_g{%lrz: g&%%o?ﬁ%ﬁf ?gln%)é%ﬁesacisbe header 10 1

e e Pcested Sepie S AL 6 (Cedien, Wiy gL
coefficient pédttigrhailn magishleackyalmeal JXYBE2X2RG ard hopenaf itsansf orm
coefficient data (1) 5 TYPE COEFF Y orthogonal transform coefficient data
(2) 6 TYPRLGCEFReQ tormaygdral otidrisédr maobhhitcienly20ckiata (3) 7 TYPE
ECS end of streamidentification information For exanple, a slice of data
type 2 or information indicating the context model status for
data in the immediately preceding slice is attached
10 in each slice header. Alternatively, the context
model status reset flag (see Fig. 21) may be
provided irrespective of whether the register reset
flag and the initial register value according to
the first embodiment are provided, so that only
15 when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for
data in the immediately preceding slice is attached
for use in decoding.
20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25 in which coding data are grouped according to a
data type.
The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-Bl18r3 for

a video coding scheme discussed in Joint Video Team

30 (JVT) of ISO/IEC MPEG and ITU-T VCEG. The draft



TYPE_ MVD is transmtted as slice data in which are 25 collected as nmany
notion vector information itens as there args nmacrobl ocks fitting into a
slice. Accordingly, when the k+lth slice of a type TYPE WD is subject to
decoding follow ng the kth slice of a type TYPE_WD, only the context
model 30 statugiberlawesonsvatdnys dxcar dittgnat otfhen engeafif 44 tthgpkt hys
slice should be nmultiplexed into a header of the k+lth slice carrying the
TYPE_MD dat a, ERRIEr de¥et Bagitolokgohnext sbdele | ehrmotuseatas Shown
arithmetic codjng_qf notion vectors to be 5 inherited. Fig. 21 shows
an exanmpl e of bRt FdGeafr gédct a¥E0UBLene THre t ARSIkt 284 atA tumit is

vectors are col RPBL VLo Rondl rORE OB B0 dRLACS 94 Hara hBe S b

TYPE_MWD, th i t | tart .cod dat
TP b ol atr o LAt o, SHLSGAL st 8
information ingd cahicRg {PEeGOYLXt g | a8t AlS sE0's HOLHOH & £6WOT SfoF

occurring 15 in the inmediately preceding slice. Wen only orthogona

t ransf orm coefdsiamphie .data (2) of a data type 5 or TYPE COEFF Y are
collected to construct slice data, the slice header has attached thereto a

slice start code, a data

0 TYPE_HEADER picture (frame) or slice header
10 1 TYPE_MBHEADER macroblock header information
(coding mode information)
2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform
coefficient pattern in macroblock)
15 4 TYPE_2x2DC orthogonal transform coefficient data
(1)
5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)
6 TYPE_COEFF_C orthogonal transform coefficient

20 data (3)

7 TYPE_EOS end of stream identification information

For example, a sliée of data type 2 or
TYPE_MVD is transmitted as slice data in which are
25 collected as many motion vector information items
as there are macroblocks fitting into a slice.
Accordingly, when the k+lth slice of a type
TYPE_MVD is subject to decoding following the kth
slice of a type TYPE_MVD, only the context model

30 status for motion vectors occurring at the end of



20 type |1 D designating TYPE CCEFF_Y, a context nodel status reset flag and
information indicating the context nodel dit4atus for orthogonal transform
coefficient data occurring in the imediately preceding slice. 25Fig. 21
shows the slice header data and the conpressed data being nultiplexed into
the same bit dth®afithasbifst isdeeyld hbesmwkt hpdderedata tmyabd eadeired in
a separate bité@t{ﬁanlfO{ %ffline transm ssion and the coqpressed data may
have 30 attaclt Er ot FB S bF fatG dRTVENS r FRE (YR BeMVAE détraspdadi ng
slice header Ref er 1§ tq..Fig. 15, the ari.t ic.cading ynit 6
according to S%e@?ﬁi r% e‘rrleﬁggiwrreqmei §:cf%Fé‘%eﬁ?%geguﬁe?ﬁ&lQ%es&aaﬁgﬁi ssi on
unit 5 generatd izt 0 cr i i in

g AN St e £ 86 @é&ﬂ%ggsru emgigé%% gﬁé%ﬁb%a &b teeat the 1D

accordance with the data partitionin scrib ove, SO

informati dn désilghatice@ I he data type and the context nodel |earning status
corresponding to the data type are 10 collected in slice data. Referring to
Fig. 19, the arithnPtig. detodimgwenidn 2€xae0el di b tloithe dhékeh enbodi nent
is inplenmented such that, for arithnmetic decoding, a context nodel to be
used is det er AR dfeal oy hpelbarlidhmatsn ssodingitndécodi agcording
initialization unit 37 to notify the context nodel determ nation unit 28 of
the data typetPDWREt tBig@ddemhar iRe st i cBRafRusinantot Fd ¢ontdxt wheal

| earni ng st at 39 is_inherited acros ounds, of slices by allow ng the 20
transMssim1ﬁ§g&ﬂ$gvﬁﬁ ?8Pi 24t off ?C§?qcﬁﬁoﬂ9@sFﬁé%ﬁoﬁéﬁQ¢ty

AR R TR E A G A PR i v
has attached thereto a slice start code, a data
type ID designating TYPE_MVD, a context model
status reset flag and information indicating the
context model status for motion vectors occurring

15 in the immediately preceding slice.

When only orthogonal transform coefficient
data (2) of a data type 5 or TYPE_COEFF_Y are
collected to construct slice data, the slice header
has attached thereto a slice start code, a data

20 type ID designating TYPE COEFF_Y, a context model
status reset flag and information indicating the
context model status for orthogonal transform
coefficient data occurring in the immediately
preceding slice.

25 Fig. 21 shows the slice header data and the
compressed data being multiplexed into the same bit
stream. Alternatively, the slice header data may be
carried in a separate bit stream for offline
transmission and the compressed data may have

30 attached thereto ID information referring to the



25 conpression coding by being divided into transm ssion units grouped
according to predeterm ned data types. The 4%deo signal belonging to the
transm ssion unit is arithnmetically coded such that coding is

continued 30 across bounds of transmi ssion units by inheriting, 46

i nst ead of resEPHLRSPPRE BYabs ik ukeartter pdddabi 1 ity | earni ng status
ssipn unit also grouped according tqQ the data type.

fromthe earlier trags ' ) X
Accordingly, a high EgkﬁﬁrbﬁgeFfbrF59re54$Veﬁggai@réﬁ§HF@81éhchﬁéJ%@ding
efficiency of Lt.hmet | odi,ng is i Qv L0 copnfiguration in which
data are group@élgcgrélgﬁ%)’golpgegeot_gg 'eng%“ﬁgtdg % géi?imen!t 15 while
the third emﬂ&%ﬁ&@méﬁﬁ%ﬁﬁ%&éﬂtﬁﬂéﬁet%kSEE%HéﬁS@éﬁ&hoﬁwﬁEzed
according to a data type as a transmssion uni't, video franmes nay also be
organi zed accojéhegd0iendaityRs dacbhes exaele fb¥dbsbeaany syt ax,
according to the third enbodi ment shown in Fig. 21, it is 15 assuned that
the header of &l$te ot anf eiceo gduet elavd tlypehkasd atbaghedtihel €ho niy

context nodel status reset flag and information indicating the
rule described above, so that the ID information

designating the data type and the context model

learning status corresponding to the data type are
10 collected in slice data.

Referring to Fig. 19, the arithmetic decoding
unit 27 according to the third embodiment is

implemented such that, for arithmetic decoding, a

context model to be used is determined by allowing

15 the transmission unit decoding initialization unit
37 to notify the context model determin&tién unit
28 of the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the

20 transmission decoding initialization unit 37 to
notify the probability generation unit 30 of the
context model learning status.

As has been described, according to the third

embodiment, a video signal is subject to

25 compression coding by being divided into
transmission units grouped according to
predetermined data types. The video signal
belonging to the transmission unit is

arithmetically coded such that coding is continued

30 across bounds of transmission units by inheriting,



context nodel status of data in the immedi ately preceding slice when the
flag is off. Alternatively, 20 in a simlarggonfiguration as the bit stream
syntax according to the second enbodi rent shown in Fig. 18, the header of
slice data for a given data type nmay have attached thereto a context nodel

status reset fimgtandiiofonredéen iyl cahiends yhecond extu el 25 status of
data in the imedi ately preceding slice when the flag is off, in addition
to the regi stepreobsdti¥iay dnehrhdngistalt usgifstoon yhleuea vl tiermat i vel Y,
the context nodel status reset flag may be omtted so that the information

i ndi cating 30 &%ﬂé@rﬂ%&@ommwt &us0 off Ida B eidn Etch@mrm ated ythey
irr spectlve of

preceding slic ways attached for use in, deco

whet her the ré?g‘?ts?e YRS et MAKRTFAARIHE i tll‘éf?%r g e \Fé uE T @r

rovi ded. In i,rst through third, enh nt s, ideo data i.s given
gn exanpl e§of aé:'b Iléler%?%na’tl sge Erﬁ%sﬁﬁt%d tgﬁ 00%1{13 eqlaéf‘ﬁ?‘ lgfﬂ”i

to digital si i o] iLl It

Si gnalgs for tg{?{s@%{q%rtf‘lg l"‘%dd]'dll“g (L)Ldl gl %‘z?gnarg %nc\%ﬁ:ﬁétﬁ%&gigr eain

mxed. In theyhish andseadd erBodd@Nhecaralintg £6 PriededeANiARPI €
of digital signal transmssion unit.” In the third enbodinent, a

transm ssi on dmitta tgpsdgucted according to data 15 partltlonlng for
collecting data in a slice according to a data type, is given as an

exanpl e. AI t er nat i véihyi, 1 an tihrageh (pidct embo dbnemntucs ed uiiressn & hal wr alliitye of
slices, i.e. a video frane, may be a transm ssion unit. The present

i nvent i ot 0a| satfnl%faguzf@%nampmzéaﬂmmfm AGCOrAdaGysced AAtHi EYOe, a

storage unit, |nstead of a,transm ssi.on unit_ nm e constructe INBUSTRIAL
APPL | %ABI LITY a5 a transmlSSaion unlt, Vldeoyftgfames may a(iso e

organized according toe a data type.
In the example of bit stream syntax according

to the third embodiment shown in Fig. 21, it is

15 assumed that the header of slice data for a given
data type has dttached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Alternatively,

20 in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model

25 status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

30 the context model status of data in the immediately



25As has been described, a digital signal cioding apparatus according to
the present invention is suitably used for transm ssion of a conpressed
video signal in which a high degree of error resiliency is ensured and the
codi ng effici enegclasting &diiteaetisc cbdbyg i sttmslowédLoxguFge Fmvention
clainmed is: 1. A digital signal coding apparatus for maki ng a conpression
coding by di vidFRgU Y gi 1AL &FPEAIL e 0 Ofr SHREENR el DG ANCHISH K units,

conpri si ng: n ithmetic_coding, unit. for conpressi the digita
signal of sai ar??gﬁsrﬁ'agﬁﬁoﬁrlﬁ]ﬂ:ﬁﬁy it i Begod gL iRt AF et c
codi ng unit CQ£PébihQﬁi a context nodel determ nation unit for

det erm ni ng a ‘context nodel to be used for each type of coding data anong a

plurality of context;ogdgleS:first hPbAYH 28H1H UBhb JPImEaRY At L% do
bi nari zation rul e defined based on the type of coding data; , a
probability ofdamcaudrsenggveeneiat aon ewamplos prod iyng adl ps daail sty Me
occurrence of the context nodel corresponding to the binarization rule;

a codi ng unit phoes anitt heveatcbooihng. st hegdiadi iyl apiphatadflsatd tdbgdniski on
unit based on the generated probability of occurrence; .a _transm ssion
unit generati §FUhRd sf dforuidiexi tgi g hterdnmed Lomalepr &9ant$idlan initi al
state of the gnobability of occurrence of the context node| to_be used for

each of said dtﬁfn@rﬁ‘é‘tfa,déﬂ&_‘i%}-oﬁﬁwﬁ‘?%ﬁsoff?ﬁi ti%f t2i AP PudittBPAR ue
vhi o ST 2R AL AT £ Bano B 05058 T Bebidy 8 e gs part of the
ransm asi on’uni 15, nare end o gkt AdPsRat By Entie ARRleA el B BT L
conpressed by;arigiweh G&odnNGkx8abd drebRod LoRRE S Bdgnal
transmission unit. In the third embodiment, a
transmission unit, constructed according to data
15 partitioning for collecting data in a slice
éccording to a data type, is given as an example.
Alternatively, an image (pilcture) constructed from
a plurality of slices, i.e. a video frame, may be a
transmission unit. The present invention also finds
20 an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

25 As has been described, a digital signal coding
apparatus according to the present invention is
suitably used for transmission of a compressed
video signal in which a high degree of error
resiliency is ensured and the coding efficiency for

30 arithmetic coding is improved.



49 a context nodel determ nation ep of determ ning a context nodel
to be used for each type of coding data anong a plurality of context

nodel s; a binarization step for generating a binarization rule defined
based on f.he type .of codin ta,. a probability of occurrence
generati o est’e%‘P‘?rb?l%r} o(gil%ﬁ?\égi&a&p'robabi lity of occurrence of the context

nodel corresponding to the biparization rule; Lng step for
arithnet it codt g IHeA Hi FTIM L FYIH GTPRAT 1T ahehi @%ggn u%i t based on the

ge”erateq@ﬂﬁﬁ%@%@i&ﬁYb&@i&§Cy¥r&@@ﬁ@ing a digitsaBRnshysslointuoit generation
step for multiplexing information representing an initial state of the
pr obabi | i pyedét@cnine@nceantng palepnirkts meePt 6°bB%used for each of said

an ar Cthet | o Ebdt Rt racegoc P AT L P EbF e e O E G YA S TeE Qata of
sai d trans{igssl off Uphid transmission unit by arithmetic coding,

the arithmetic coding unit comprising:

a context model determination unit for determining a
context model to be used for each type of coding data among
a plurality of context models:

a binarization unit for generating a binarization rule
defined based on the type of coding data;

,a probability of occurrence generation unit for
providing a probability of occurrence of the context model
corresponding to the binarization rule;

a coding unit for arithmetic coding the digital signal
of said transmission unit based on the generateq
probability of occurrénce;.

a transmission unit generation unit for multiplexing
information representing an initial state of the
probability of occurrence of the context model to be used
for each of said coding data, and information of
initializing a register value which shows an arithmetic

coding process into a bit stream as part of the coded data

of said transmission unit.

2. A digital signal coding method for making a
compression coding by dividing a digital signal into
predetermined transmission units, when the digital signal
of said transmission unit is compressed by arithmetic

coding, said method comprising:



49

a context model determination step of determining a
context model to be used for each type of coding data among
a plurality of context models;

a binarization step for generating a binarization rule
defined based on the type of coding data;

a probability of occurrence generation step for
providing a probability of occurrence of the context model
corresponding to the binarization rule;

a coding step for arithmetic coding the digital signal
of said transmission unit based on the generated
probability of occurrences;

a transmission unit generation step for multiplexing
information representing an initial state of the
probability of occurrence of the context model to be used
for each of said coding data, and information of
initializing a register value which shows an arithmetic
coding process into a bit stream as part of the coded data

of said transmission unit.



