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 THVETI C 5 CODI NG METHOD AND DI A TAL SI GNAL

ARI THVETI C DECODI NG METHOD TECHNI CAL FI ELD The present invention relates to
a digital 10 :signal coding apparatus, a digital signal decodi ng apparatus,
a digital signal arithmetic coding nethod and a digital signal a_ ithnetic
decodi ng net hod used for video conpression coding and conpressed video data
transm ssi on. 15 BACKGROUND ART srEdrFianrwemaat i onal standards for video
codi ng such as MPEG and | TU-T H. 26x, Huffman codi ng has been used for
entropy codi ng. Huffman codi ng 20 provides an optimum codi ng perfornmance
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representing aPBraPdING YMBTHOPHol s as a single

TECHNICAYL, 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 élithmetic 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
information symbols varies.

Arithmeti¢ 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



codewor d. The concept behind arithnmetic coding will be outlined by
referring to Mark Nelson, "Arithnmetic Coding + Statistical Mdeling = Data
Conmpression 5 Part 1 - Arithmetic Coding", Dr. Dobb's Journal, February
1991. It is assuned that an information soarce generates information
synbol s conprising al phabets and a nessage "BILL GATES" is arithnetically
coded. 10The prob bl|léy of appearance of individual characters is defined
as shown in Flg fndicated in a colunn "RANGE" of Fig. 1, portions of

a probability line ney S t ar.e uni er established for
respective charact e(rigﬁb %'ﬁye%eﬁt%:ﬂ?}l r&%b?‘f&%‘f‘ s€ é“é’ulﬁ”ewlz% b6 a
codi ng processoukilisiedtbg leif&rri "'ﬁb(ME@ﬂ NEAI s d g form of
identifying a range (0.2, 0.3) on the probability fﬁﬁ% foggﬁhtpnéﬂé?acter.
Therefore, theCPéeiar *BSt@MW%EpQNGSMuﬂéIhmgsetmﬁt&ﬂgﬁmﬁydggf@g a Low
(,0.2,_0.3). To,code "I" subsequently, e range (0.2,
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The process of arith ic'coding is a pro

rages on the psohabid iggnkkBtes inforRARGA NPy hﬂ%ﬂg %@Er‘¥ fhe
characters, the result of arithnetic codi ng of B LL GA
r'epresent ed as®hPhowets uent0 a2 5TRd63g62™ HIL I casegmrenisafter the coding

of the letter ;rith%é%ng%1iy coded.

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 is 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) is 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 examned to determ ne 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 value for "B" is

subtracted fromthe result and the resultan? value is divided by the
magni t ude of the range of "B", producing "0.572167752". This enables us to

restore "I1" corggespangi t e n%ﬁéo. , Q. 6) The 15 process is
repeated until " ?L%Qgigggﬁgfsqﬁggtgggé ‘ﬁ€c8&%1.e geﬁerﬁgrnFﬁg an
arithnetic codicwnpsedesrsi bed above, a nessage of extrene length could be

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

i npossi bl e to oper at 8 wigdodihignipeodesisnal s paaciisiwars MWdOVELie codi
mul tiplication and division are necessary for coding and decodi ng so tﬁgt
heavy conput at i®drff€¥8ad i s i nposed. These probl ens are addressed by 25
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so that nultipleixeati®8aand di¥iehai féeal e gdogyﬁﬂgfgrgggggiggs. 30

| deal Iy, arithmetic coding according to the above- b4
line in which the result lies and determine a
character assigned to the range. In this case, we
restore "B". f |

10 Thereafter, the=Low:Value-forﬂ“B“ is
subtracted from the result and the resultant value
is divided by the magnitude of the range of “Bv,
producing “0.572167752”. This enables us to restore
“I'" corresponding to the segment [0.5, 0.6).:The

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. Moreover,
multiplication and difisiOn are necessary for
coding énd decoding so that héavy 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‘
and division are replaced by shift operations,

30 Ideally, arithmetic coding according to the above-

L
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4 described process enabl es entropy coding adapted to the probability of
occurrence of information synbols. Mre specifically, when the probability
of occurrence varies dynamcally, the coding 5 efficiency higher than that
of Huffman coding is available by tracing {he variation and updating the
table of Fig. | appropriately. Since the digital signal arithnetic coding
nmet hod and digital arithnetic decoding nethod :'0i according to the related

art are confi gutestc nibdes grd deds abevab ke hesidepy rasaing dahgedd (O
segnents for transmssion in units that allows resynchronization (for

exanpl e, MPEG £1§ iREobphidtify) ofn osrierreChi it ZRigsgeddeiion 15
occurring in an, tgfﬁy- %ped vi deq skggﬁtgduehto transm ssion, errors
Huf f ran codi ng L1 Rai Viohfal S Reaittd I sYhieh FRBIBRERAP bt ik i eger
bit length so hatytrad | §S4 Nigty S 4 L,.at def,| as a group 20
of codewords. In arithﬁgg}?QQgg?%g?%ﬁga%ﬁgg?gg'532%?a?ggggg;for explicitly
suspendi ng 2 cedifig: pencgsshiighsequnaed. that addi Hwnfnbhar byt iegn of
codi ng, the process of learning the probability of occurrence of earlier
synbol' s shoul d3¥é&iledel esbyast DEc L pdodtputvdr .8 tHism eandbipstaning ddoe. As

2 result, the SE0 SF1LeLeney Toy SuTeL pLor Lo and subsequent Lo the
(oS P GEa o SAIPREY AR Rhden  (eMRetit Vohlg 1o o
method and digital arithmetic decoding method
- ux 10 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 1g required. In addition, for resumption of
coding, the process of learning the probability of
cccurrence 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
subsegquent to the suspension. Another problem to be
addressed is that, when an arithmetic coding

process 1s not reset while coding a video frame and

30 the frame has to be divided into small units such



S as packet data for transm ssion, decoding of a packet cannot take pl ace
w thout the imredi ately precedi ng packet data so that significant adverse
effects on video quality result when a transmission 5 error or a packet

| oss due to a delay occurs. The presgnt invention addresses these

probl ens and has an objective of providing digital signal coding
apparatus and a digital signal coding nethod capabl e of ensuring a high

degree of erroraiOpadiest| harey A9 L FRLQW NG foA0MI:GhLhg )EYa Of
arithmetic coding. The present invention has a further obj ective of

provi di ng a di gbeakedi grmah ndécddi g Apparatdist andta tdigi t minesi ignat 1 gecodi ng
nmet hod capabl e of 15 proper decoding in a situation where the coding

appar at us cont|HE§§%ﬁﬁﬂ%gpa€ﬁﬁ§é‘Bﬁﬁﬁd§qﬁth%Yaﬁé&%ﬁﬁhﬁaﬂﬁt%@v%?se
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apparatus and a digital sighal coding nethod 25 according to the present

i nvention, a digital Wignpkepantt tiovedtiittn addresisegobpesssaurbypiens

arlthnetlc codlng | nfformation representing an arithnetic coding status,
occurring when & ¢r BAgniati BRIgfit vasoBedT CobednIndy byl adhigipraked
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dependence Oftdﬁpﬂbgbtﬂfséﬁgﬂkﬂﬁﬁeg f%gh degree of error
10-. .resiliency and dimproving a coding efficiency of -
arithmetic coding.

The present 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 earlier

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
gignal 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



the signal included in one or a plurality of 5 adjacent transm ssion units,
the probability of occurrence may be | earned by counting a frequency of
occurrence of coding synbols and infornmati on representing a probability

| earni ng status, occurring when a given tragsnission unit has been 10
coded, may be nultiplexed into data constituting a subsequent transn ssion
unit. Wth this, it is possible to continue coding across bounds of

transni ssi on unicts ki SGEbint it i nﬁ&%&é&rﬂiti@é@}vti RO, pEBBaA{ €Y of
arithmetic coding 15 status or the synbol probability |earning status.
Thus, a hi gh degrearaferezeop fr esidipgce yarkth bn mapr dveddebdirmgireddi, ci ency
of arithnetic cpding result. In accordance with a digital signal decoding
20 apparatus an838¢§ QN fepegrangecod ddioet hodtadccordnad P dae present

e ot on orEfd B HLLOSRAINAdE LA i | S B Ol L S data

transm ssion unit is based on™i ntormati on

constituting t hgdjaaeud Sei QAR 4408 bnakGh 18P] eERAL ip&ga@@ba&iitﬁw%gc codi ng
status. Alternatively, a probability of symbol occurrence used i n decoding
the transm ssi ohcOncrr emaye beaynilie al eaec eshéry decoditig @f aafireansanhagi on
unit is started, based on information nultiplexed into data 30 constituting
the transni ssi o URFEUSTEREHr 8dePREN da SKHRRES oadd renEermadphen! ity

I i t at d digital .si ived, i it b
decoded. by derirh SrRNELEa 0B ey Ba L o 4REENE L8t Synbol s
based on dependeregrpidly tWeed Gi tgf‘ivéhg'ﬁlarpﬁﬁﬂggg.o(?ﬁ dAeLShNAl KL agl uded

in one or a plurality of adjacent Transm ssion units, and by |earning the

probabi | i t ¥0by wodedi nay fhequneddyipl etkleesl-rigst ordd tsymowhst iWdhih§i g,
proper decoding is possible in a - 1,0 situation where the coding
ppar at us, - cont iTHREeGBENg BERBSN IouhEd MM it ansni ssion units, by

LT ansm sobon Uni to of e G BBARIT (3% BA TOL 61 SPuE T B R BRibA PTI On
OF THE DRAWNGRcross 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



Fig. 1 shows the probability of occurrence of individual characters when a
phrase "BILL GATES" is arithnetically coded. 20Fig. 2 shows an arithnetic
codi ng result when the phrase "BILL GATES" is arithnetically coded. Fig. 3
shows a construction of a video coding apparatus (digital signal coding
appar at us) according to a first enbodi nent of the present 25
I nvention. Fig. 4 shows a construction of a video decodi ng appar at us
(digital signal adegadiong apparateusdeapcartsiingl f.ayt Hee d 1w $hgenbodt ment
Fig. 5 shows an_internal construction of an 30 arithnetic coding unit 6 of
Fig. 3. 8 theﬁ%me¢¢§5§¢IQW%h5ﬁﬂ ShoIRAad BeGEsses pér flok fred e s he
arithnetic codi uni t of ,Fi.g. ,5. Fig., 7.l t.es, a concept of
a context nodel {.ﬂ_ggFibge. %e??p&gt,r&%%sdgﬁe&xémgggofa c?olﬁ[fs}gééﬁlﬁﬂdteﬁ’ f’%r a
motion vector. bbeurY &fo¥sed $ld£€osbliUdEHiSols, based on dependence
5 of the digital signal decoded on the signal
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
< swne3F0 gsituation where the codimg .apparatus-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. S5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 10 shows an exanple of bit stream generated by the arithnetic coding
unit 6. 10-Fig. 11 shows anot her exanple of bit 'stream generated by the
arithmetic coding unit 6. Fig. 12 shows anot her exanple of bit
stream generated by the arithnetic coding ugit 6. Fig. 13 shows an interna
construction of an 15 arithnetic decoding unit 27 of Fig. 4. Fig. 14
is a flowmhart of processes perfornmed by the arithnmetic decoding unit 27 of
Fig. 13. Fi g. ESgshdasimnai fitlernahacansthicueingnpabddwesaki t hnetic
coding unit 6 according to a second 20 enbodi nent of the present invention.

Fig. 16 is a fl &hz?¥meHokivndt e oe&dddunpeiroaasting BRdtard t Afetd iy colli.ng

unit 6 of Fig. 15. . .1 Fi 17 illustrates a context del | earning
25 status. Fig. 18 shoud an é%ﬁgﬁggﬁﬁt%ﬁtasf*?%ﬁﬁ%%n%?a?e&"ﬂggFﬁ§
arithmetic codi m@denj 6 according to the second enbodi nent.

Fig. 19 shows an internal construction of the 30 arithnetic decodi ng unit
27 according’to the sBignd8 illustrates an example of context model

for a motion vector.

Fig. 9 shows a slice structure.

Fig. 10 shows an example of bit stream
generated by the arithmetic coding unit 6.

o owki® s v wFig. 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 arithnmetic decoding unit 27 of Fig. 19. 5Fig. 21 shows an exanpl e of
bit stream generated by the arithnetic coding unit 6 according to a third
enbodi mrent of the present invention. BEST MgDE FOR CARRYI NG QUT THE

| NVENTI ON 10, Herei nafter, details of the invention will be explained by
descri bing the best npde for carrying out the invention with reference to

the attached dr SHARFBImEPLst enbodi ment 15A first embodi ment of the present
invention is presented.usi an_exanple, disclosed jn D. Marpe et al.

"\i deo Conpr ession Useﬁﬁa‘ g}e"x?-%a QU FvE Rr"f’r‘l’lﬁe?ir@c@g'ﬂ?ﬁﬁ",

| nt er nati onal B ANEEIOR NBPE BL9gesad 2 ' ' 0,arithnetic
coding is applfgd to a videgjcodlng schené@aﬁeggéguggﬁgfg%gfgazgfCfgnngG
pi xel s (hereinaftfer, referred to as a macrobl ock) produced by uniformy

dividing a video frane is a coding unit. 25Fig. 3 shows a construction of a
video codi ngr’ appar at Bigdi gilt dhavgnan covimplaped ae is) s&awoaming to the
S embodi Menf o R il 87°Und "ERh G £ 8E4HY ' Snfh0s o doTHY

to a third embodiment of the present invention.

BEST MODE FOR CARRYING OUT 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

i nput video signal 1, using a 10 reference inmage 4 stored in a frane
menory 3a. A nption conpensation unit 7 constructs a tenporal predicted

i mge 8 based on the notion vector 5 extractfd by the notion estinmation
unit 2. A 5 subtractor 51 determnes a difference between the input video
signal 1 and the predicted i mage 8 and outputs the difference as an

tenporal predi Ctuieiesn0e Sin0i@é 9. sAosadi ah RAr ediflé ORewdidy 193 refers to
the 10 input video signal 1 so as to generate a spati al predlctlon error

signal 11 by namQR}QnpceMpﬁnsntionmwﬂxn|albynmﬂmﬁﬁMS|mgﬁﬁﬁpsﬂgla
gi ven video frane. codi_ng node determnation unit 12 selects a node

capabl e of codlﬁcffe %%ﬁﬁ@tlﬁ%ﬂ?ﬁﬁOERSﬁﬁncHStEFHNQQ#ﬁPyV@RﬁQMtﬁuts
codi ng node infg 3 ecte code
determ nation unlt fg e%ng oﬁg“gqﬂgtﬁbtlon g%ﬁétﬁSa |%ﬂl§gg% fBr codlng

the tenporals predbeidLit 8Er 81 &P@knIned SKi 81038 106 e ApGASEe Yh Y %9
notion vector 5 is 20 zero and the tenporal prediction error signal has a
nul | conponent, iapttarvidepa soigrea I ol aodl ngheherephid tedpriati géi on 81 or
signal 11. An orthogonal transformunit 15 subjects the signa

sel ected for coﬂFﬁQWﬁFt HRecAdiffF reRE 2R et By HERR odl R dbetdon

orthogonal trangfQp, g]égigﬁ ? Sputput ort hogonal transform coefficient data.
A quanti zation uni't 16 ‘quanti Zes the orthogonal transform coefficient data

with a granularity indiggheday o Gyankiszsh i aR it SR PALBIBLA 25 e
determ ned by a coding controller . An inverse quantlzatlon
unit 18 subjlectinpnthoviohad Bm@rmefbrtn soefa‘a ctentiedairadd autgpitingm the
guanti.zation unit &6 %ﬁfh the granularity indicated by the quantization
step paraneter P82dAgtion 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 exrox signal 9, a
skip mode for a case where the motion vector 5 is
20 zero 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
guantization unit 16 guantizes the orthogonal
transform coefficient data with a granularity

indicated by a quantization step parameter 23

30 determined by a coding controller 22.



5 inverse orthogonal transformunit 19 subjects the orthogonal transform
coefficient data subjected to inverse quantization by the inverse
guanti zation unit 18. A switching unit 52 selects for output the tenporal
predicted image 8 output fromthe notion 10,gonpensation unit 7 or a
spafial predieted i mage 20 output fromthe spatial prediction unit 10a, in
accordance with the coding node information 13 output fromthe codi ng node
determi nation unit 12AnAn radeese53vadesithe iout puh isi Qrals db §ecthe 15
switching unit 52 to the qQutput signal fromthe inverse orthogonal unit 19
so as to gener at¥F W 99eAP ldchrra fomyc e L £A¢ stk edatiie I'bcakitpwecoded
i mage 21 in the Argme, 3a. as t.he reference i e, 4. 20An arithpetic
coding unit 6 su 1]Iect sﬁgg&r nagnéﬁﬁfiglioﬁjcl%%ﬁgqt%ewﬂ%ﬂi 3219\/&?%“5,3?%@/
codi ng mode | nf arithi¢ #0e 43 byAn §0akhaln B £HL 0N, FRHC phtard deagr Lhpoon!
transformcoefficient data 17 to entropy coding, so as to output a co |Hg
result via ad25imesneseicavhdybhiel 24 ass corpr aasetl Yiodemwpéac g6 . fhe
ontrol s conponents including the codi ng node

coding controller %2 c ud
det er ni nati on uffif-PEICRAd Jueans FarmosamfEicd card éngai medrected to
guanti zati on uni OFi.49.. .4 shows a coné' ur,ati on showing a video 12
decodi ng appar af’hgje%ﬁ%igggnsqlg?h% 1888 n hgp&é‘r"a‘?’ﬂ%‘? JUAHH AFCEO T he
first embodi mentn@ft tie, pAesanit & RYRGL Gk « REbeET, 8 BHog &
arithmetic coding unit 27 perforns eﬁtropy decoé%%ggc£ 2o sutplt the
temporal predicted image 8 ocutput 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 1% 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 ocutput a coding result via a

25 transmission buffer 24 as compressed video data 26,
The coding controllexr 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



5 so as to restore paraneters including the notion vector 5, the coding
node information 13, the spatial prediction node 14, the orthogonal
coefficient data 17 and the quantization step paranmeter 23. The inverse
guanti zation unit 18 10 subjects the orthogonal coefficient data 17 and the
guanti zati on step paraneter 23 restored by the arithnetic decoding unit 27
to inverse quantization. The inverse orthogonal transformunit 19 subjects
ransf.orm coefficient data 17 and 15 the quantization step

t he orthogonal % . il a
par amet er 23 t hUSCPNEIS 2 PPAE&TY S el d GRtr §& D13 ho§&ra 9t pgnsfor m

The notion conp i It 7 restores t egparal predicted im
using the noti o%géggtaglirh%;]rég grrecgug? ?:ﬁen':el?lét r%‘é:tsla% %5‘%8 |Jhr588r% tOCJg?.%hﬁ 20
spatial predictpossdnit 10Pehe3er eSrER@ 9P hak Predict ad iggge 20 from
the spatial prediction node 14 restored by thé arithnetic decoding unit 27.
A swi t chi ng uniartdhselteiot scddd ngutymt tt 2 teapdoatnpr editatagsly | dages 8ialy
the spatial predicted 25 inage 20 in accordance with the codi ng node

i nf or mat i on®13 SRk 8r &@ e s hergr iRdwened edet odngd Whi ng2 Ehe\nnaddern 55
t ho

ranst orm , - uni 49560 0 Stne bt ROE TGP o b £ RN 18R g B0ZA 1 54 so
as to output agiacoseq | iétioH8iode 14, the orthogonal
coefficient data 17 and the quantization sﬁep
parameter 23. The inverse quantization 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‘ZB thus inverse--
quantized to inverse orthogonal 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
J 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

30 unit 54 so as to output a decocded image 2I. The



13 decoded image 21 is stored in a franme nmenory 3b so as to be used to
generate a predicted inmage for a frame subsequent to the decoded inmage 21
A description will now be given of the 5 operation according to the first
enbodi ment. First, the operation of the video coding apparatus and the
vi deo decodi ng apparatus will be outlined. 13 (1) Qutline of the
operation of the video 10 codi ng appar at us The i nput inage signal 1

operat i on of the vic oding apparatus - The input imge signal
{7 amos: The mot faRoCS raBRaY i 12 BEOPRE e aaig Medtay (4B o deo

estimates the nmaki @ (RCtQEedd tD T@EneRGR dTRCT PRlEGIc tisd NAmidife r €ber @nce
image 4 stored in the frane nenory 3a. The notion conpensation unit 7
constructs the feaper sdulps eduendd tongbed drasededn itneg eolilon vect or
5 when the notion detection unit, 2 extracts 20 the potion vector 5.

The subtractor 51 reébﬂV%%cF%?Q%%%owalHH%RWCP@dQ¥%©€ thﬁﬁﬁthe_nntion
comensatt o UnLpe LAt 1oL LI 2, 011 LLPER BE! ago iR P | oe

signal 1 and f enporal predicted’irage 8. he subtrac
outputs the differengeréfe &MU RLrALIYICIdONtAd OF i8LBNPoPinko the

codi ng node determ nation unit 12. The spatial prediction unit 10a
refers to the iapparaitden sngnahel sbdas degerdéng eapparapats akiBd be
prediction errcgugigggbjll by maki ng a prediction

(1) Outline of the operation of the video

10 c¢oding 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 memorxry 3a.

The motion compensation unit 7 constructs the
temporal predicted image 8 based on the motion
vector Slwhen 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



14 from spatially neighboring areas in a given video frane. The
codi ng node determ nation unit 12 selects a node capable of coding a target
macr obl ock nost 5 efficiently and outputs the coding node information 13 to
the arithnmetic coding unit 6, the node sel ected by the code node
determination unit 12 being one of a notiord%onpensation mode for coding
the tenporal prediction error signal 9, a skip node 10 for a case where the

noti on vector S5¢k-§mZ&Y, t redi ctLonserror_signal  9.has a
nul | conponent,fgﬁg %ﬁgrg?gélﬁﬁdgggggﬁggdﬁﬁgq%ﬁéégpéﬁ{a g%&%’ldY%%ﬁoerror
signal 11. Wienfsehecti ng the notion prediction node, the coding node 15
determ nation unit 12 outputs the tenporal prediction error signal 9 to the
ort hogonal transfor mie t 08 igsy anedgnalettdeninagdomesundti A sybhents
selecting the iQtra node, tgg c%%%qg Hode determ nation ungt 12 out puts the
spatial 20 predfcPP8f &FRpPdiey Q4L % Ke ¥ ABGo R CEP RASIOE okt 15
as a signal ¢h i odi.ng. t at edi ction de is
sel ected, the ?réﬁtf?gﬁli\?ren?%f gnlrgg oouu?%ﬁ%:s}/\r%g% t%gdﬁrirgtyi g‘ﬂ’@%t ?err\a ?18 agﬁf)ln 2
to the arithnetl® toditng uaktthmibt 86 tBlAMPLEPDLt B3l tRgURE COodi ng.
When the intra node is selected, the intra prediction node 14 is out put
fromthe spati afepresiest ilon bhiet ckobe t votee dertehmbmniac todi PR iNi 126 as

i nformation that rgguires cgdin . .30The orthogonal transformunit 15

recei ves the *HRPgRAC thht r SR HRE €O bAPPhERBBI AG RiRd ing
AR Tt e R e R S e (R
10 for a case where the motion vector 5 is zero and
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 selectiné 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 ¢
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 orthegonal transform unit 15 receives the



5 quantization unit 16. The quantization unit 16 receives the orthogonal
transform coefficient data fromthe orthogonal transformunit 15 and
guanti zes the orthogonal transformcoefficient data with a 10 granularity
i ndi cated by the quantization paraneter 23 determ ned by the coding
controller 22. By allow ng the coding contrdfler 22 to control the

quanti zati on step paraneter 23, appropriate bal ance between a coding rate

and 15 quality iss ANSHT €65 +CaNEL Rk t u It tically coded
data stored in the transmassi onél%ﬁégr %ﬁd¥lglg ??gginﬁéi g%”sn%x %%ed at
predet er mi ned i miedrenah Snseibhatuihe quantdgslber sStiahe PALARRILI 83 1S
adj usted in accordance with 20 the residual volune 25 of the data that

remain in the b@FdCYFmRlekarmnef cwmermntdeonbpidalt vel nes Whtasatl ar ge,
e | ow and, ,when the residual volune 25 is

the codi te i trolled t uh
e coding rate '%tlf?(?gnoc%%}‘n%*‘”@df%‘%?mcé’rﬂ“?%ﬁg&% e hRglkosd-B8 that the

relatively snaIPF
@tization unit 18 receives the

quality is igmrguas.t ik ' eruqu u
or t hogonal trangformﬁégﬁ%?ﬁien ga?a'l? fromthe quantization unit 16 and

subj ects the orthogorehe t gansitol Hxeaehf iwh eot 1dat@ddivesi npese
orthogonal transform coefficient data from the
orthogonal transform unit 15 and guantizes the
orthogonal transform coefficient data with a
10 granularity indicated by the gquantization parameter
23 determined by the coding controller 22.

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

15 guality 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 gquantization with the granularity indicated by the



30 quantization with the granularity indicated by the 16 quantization step
paraneter 23. The i nverse orthogonal transformunit 19 subjects the
ort hogonal transform coefficient data subjected to inverse quantization by
the inverse 5 quantization unit 18 to invegge ort hogonal transform The
switching unit 52 selects for output the enporal predicted i mage 8 out put
fromthe notion conpensation unit 7 or the spatial predicted inage 10 20

out put fron1theqsaatﬁdaqﬂ&ﬁi§tbgng&&5méeaxizgaccordance with the coding
node information 13 output fromthe coding node determ nation unit 12. Wen

t he codi ng node i nf o i‘onvessendinthegonid rotanmfprediwiibnleode, the

switching unit 52 15 selects for output_the tenporal predicted i mage 8
out put fromthes‘h%?feS%chﬁifen%’é’EPBHWJr bra §heCeBditds heps data

information 13 4mdsgatey the 4 | & chi it el ects for
out put the spati al i pr e%i cted %ﬁg%gs%%?%gtgz%r o“LrﬁC h]ggsggltel afgg J“kﬁr@edi ction
unit 10a. 5 qudtheiadddobladds 1she Ouiave 80Nt chbg@dde SW tching

unit 52 to the output signal fromthe inverse orthogonal transformunit 19

so as to gener &R HEordeal |y decoded i mage 21. The locally 25 decoded
the franme nenory 3a as the reference image 4 so as to

image 21 is stored i .
be gsed for motion pgaﬁi&ﬂ%ﬁF?ngs Buert salprts for outpufhdhe

5 the codi ng. raad bt P ERE G ae 1A "8 Bl T AR ThaE R e

compensation unit 7 or the spatial predicted image

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 lo0a.

The adder 53 adds the output gignal from the
switching unit %2 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 decodi ng apparat us 7 The arithnetic decodi ng
unit 27 receives the conpressed video data 56 fromthe video coding

appar atus and subjects the received data to entropy 10 decodi ng descri bed

| ater, so as to tlesterehble duql i ©Ra¥eFcdrn Sco e ieading arde i nf oggation
13, the spatial prediction node 14, the orthogonal transform coefficient

data 17 and the efairP¥ aciedd-ngt epepardisterto3s tEprhal ¢sweidbeduiatiezat i on
unit 18 subjects %ge o%éhggoggl traasforn1coe ficient data 17 and the
quanti zation st 8 %hatahkt G SP918G FLTRtariith it ¢ ctHAARIM AGSARIn to

inverse quanti zakifGhy THe LRVEHSE 96&%3?3 dtgggﬁ%pg@gygike{Q subj ects 20

t he orthogonal transform coefficient 17 an e quantization step
parameter 23 thus inve? seoguaniig edft @ HVepse a@rildipgepat hler apsfeaem
When the coding node information 13 restored by the arithnetic decoding
unit 27 indi cat 8§cEF % AbPRe®iPredi ction node, the notion conpensation

unit 7 restores the hﬁggoraL redi cted i mage 8 using the notion vector 5
restored by the arit i BrdddBi hicufigcoying unit 27 rofsivee 666 ng

imtra]giecia ["; or mat | 08ohd et 0§ 09 13— PYa 4 BE 3T LAPBR ¢rdePdied Wi digg
apparatus 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 quantization.
.The inverse orthogonal transform unit 19 subjects

20 the orthogonal transform coefficient data 17 and
the quantization step parameter 23 thus inverse-
guantized 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



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 between the spatial prediction
unit 10a of the video coding apparatus and the spatial prediction unit 10b
of the video decoding apparatus is that, whille the spatial prediction unit

10a is capable of performng a step of nost 10 efficiently identifying the
a abl e spatial prediction

spatial predicti, de 14 fr a varjety of ai
nodes, the spat ilzllr{%%)eﬂf)éﬁ'ongﬂ]ﬁi Fpﬂ)tbl?i Iﬁrrﬁ‘%/’e‘al‘:tlé"be‘h’gﬁti]n‘bbthe spati al
predi cted i mage ' t pat L al; .oy edi-gtyis d h [ Lve

15The swi tchi ngr%%ie;d’géglhplr’egldfc?%géilnaglgegggﬁi&g{ho%dgggafﬁ)%nggt itgsngﬂﬁi &h?a or
the 20 restoredspynttiwel spatdcblcatedr dernge Widt he d S0 2@ yestored by

the arithmetic selects the tenporal by the notion spatial predicted image
prediction unita¥dFhnatisdedeeddimet iwnit32decodi ng unit 27. The

5 A difference between the spatial prediction

18 intra node, the spati al

unit 10a of the video coding apparatus and the
spatial prediction unit 10b of the video decoding
apparatus is that, whi}e 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 B restored by the motion
compensation unit 7 or the spatial predicted image
20 restored by tﬁe spatial prediction unit 10b, in
accordance with the coding mode information 13

i 20 restored by the arithmetic decoding unit 27. fThe

switching unit 54 then outputs the selected'image
to the éddér 55 as the predicted image.

The adder 55, receiving the predicted image
from the switching unit 54, adds the predicted

25 image to the prediction error signal output from the

inverse orthogonal transform unit 19 so0 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



switching unit 54 then outputs the selected inage to the adder 55 as the
predi cted i mage. The adder 55, receiving the predicted i mage fromthe
switching unit 54, adds the predicted 25 inmage to the prediction
errorsignal output fromthe inverse orthogonal transformunit 19 so as to
obtain the decoded image 21. The decoded inmege 21 is stored in the frane
menory 3b so as to be used to generate predicted 30 i mages for subsequent

frames. A diffeggpce . bgiyegn dhe foane FEMRLIGS £8s apd I consists in
the difference between t%ﬁ vF‘eOG%od?ﬁgaapparatug and the video decodi ng

appar at us respedtiif\felre et brg wdwen Merer iveisded( 3pdAmd happ & € acoals ng nand
decodi ng A detailed description will now be given of arithnetic
codi ng and deco#ifgg vdcter dil agadd. ndea PRAMATEES off SSIRE O BERAY iMREAREneh. A

codi ng process 'ﬁ performed by the arithmetic coding unit 6 of Fig. ' 10 3
and a decodi ng E §c8SMI5IBEformed by the arithnetic decoding unit 27 of

of Fig 3. feferring v g iR Pt 2 eod e tee 6 comprises a

cont ext nodel A detailed description will now be given of

arithmetic coding and decoding according to the

features of the present invention. A coding process

is performed by the 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 sequences
after binarization. The coding unit 31 executes

30 arithmetic coding based on the probability thus



15 determ nation unit 28, a binarization unit 29, a probability generation
unit 30, a coding unit 31 and a transm ssion unit generation unit 35. The
context nodel determ nation unit 28 determ nes a context nodel (described

| ater) defined for each of 20 individual tyggs of coding data including the
notion vector 5, the coding node informatio t he spatial prediction
node 14 and the orthogonal transforn1coeff|C|ent data 17. The binarization

unit 29 convertsgenbiihlkeve] fRbachRAGEOE 4385 Whib én%xta@%hz%i?e Ryl e
determ ned for each of types of coding data. The probability generation

unit 30 assigns bngiobakis itlye ot ieday renen afhebi amal g hmeetl iesc @ iaig 1) for

i ndi vi dual bina&éFsequences after binarization. The coding unit 31 executes

30 arithnetic ¢ Bad&d ThspREASOBE | FOP SRS L0 d@én"brat ed. The
transm ssion unif, 9% EE?EF UQI% 35 |nd|gatesl}§e tg gl n t.he
arithnmetic coding s usp FEEF UiE® £ 8Rs ikt s Eat co %Fﬁfﬁilng a
transm ssionsunit at ghe tign ng. a5@ﬁbw@hh§taJﬂéW@H@r%f%E@%QQé”Cmesses
performed by the arithmetic coding unit 6 of 1) Cont ext npde
determ nati on prrocessristiepSTihe Anmﬂﬁm&txmxﬁﬂdnsgaunmblﬁtmﬂ geki,nes,

10 dependence of probablllty of occurrence of data synbols on information
that causes variation |nQQﬁF%KBb&ﬁqqt@ethmﬂMQ%hPﬁgHﬁﬁQﬁéﬁ drsohebi ity
states in accorQQQPe wi th the dependence, it is possible to perform coding

adapted to the
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 ¢tx is switched from one
to another in accordance with interdependence

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

Fig. B 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



15 probability. Fig. 7 illustrates a concept of context nodel. In Fig. 7, a
bi nary data synbol is assuned. Options 0-2 available for ctx are defined on
an assunption that the probability state of the data synbols to 20

which ctx is applied changes dependi ng on the condition. I n video
codi ng according to the first enbodi nent, t value for ctx is swtched
fromone to another in accordance wth interdependence 25 between coding

data for a gi veoom@&h@eko%ndm&géngr@@@sé95 2% ghbehkeng: JReL gl ock.
Fig. 8 illustrates an exanple of coOntext nodel for a notion vector, the

exanpl e being takdelf rioer®. is reldbape afo ah. mO¥ideao @Upb&ssixonaum ng
Cont ext - Based 30 Adaptlve Arithnetic Coding", International 21 Conference

on | mage Proces¥RRFIVACKkThe context nodel here is relevant to a rotion
vector in a nacrobloq%efggggﬁﬁgn otglglg 8’fL%fc§P Jn 8% a nDt ggn

5 vector for block €, a motion vector prediction
error mvdk(c), a difference between the motion
vector for block € and a prediction thereof from
its spatial neighbors, is coded. ctx_mvd(cC, 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(C)
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 three 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 orthocgonal transform coefficient data 17.

30 The context models are shared by the arithmetic



5 vector for block C, a notion vector prediction error nmvdk(c), a

di fference between the notion vector for block C and a prediction thereof
fromits spatial neighbors, is coded. ctx _nmvd(C, k) indicates a context
nodel . 10nvdk(A) indicates a notion vector2 rediction error for block A
and nmvdk(B) indicates a notion vector predi“Ction error for block B. nmvdk(A)
and nvdk(B) are used to define an eval uated val ue ek(C) eval uated for

swi t ching bet weapas et it ; Bogelos: dBINe ;8w U 8dnyalais £KEEh si i §aL g @
variation in notion vectors in the neighbors. Generally, if ek(C) 1s small,
mvdk(C) will hageishrereié¢ degeidie. uhfiteR(C)ofsthar geided Decerrenli kely
that mvdk(C) will have a | arge magnitude. 20Accordingly, the probability of
occurrence of s?HBSF§qW§nv@%@CFQﬁﬁﬁ%H peske hed HEiH Hoyt based noht eRBCO). A
context nodel igseope _of predefined sets of varjatio f prpbabilit

esti mat e. Intfﬁg ggge?%ﬁéggegﬁft?ﬁééngaﬁgﬁ?o ?gfg%ﬁ'pgoﬁﬁ$??¥§ 25

estimate. Asi demdaem taher MREWOF MeC] Ofyp@m%tiexéoﬁﬁ ufE L, defined for
codi ng data including the coding node 1Tnformation 13, the spati al
prediction node 14 ade:ldet domhogtmah tr araftosxtcaeide ) eat pdatten 171 13§ The

context nodels are shared by the arithnetic
estimate variation is described as a probability
generation process in 3) below.
2) Binarization step (step S5T2)

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 wvalues of the coding data. a
variable-~length binary sequence results. By coding
each bin instead of directly subjecting the
mueltilevel 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  binarigzation 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



22 coding unit 6 of the video coding apparatus and the arithnetic decodi ng
unit 27 of the video decodi ng apparatus. The context nodel determ nation
unit 28 of the arithnetic coding unit 6 of Fig. 5 selects a 5 nodel defined
for a type of coding data. Sel ection,,froma context nodel, a
probability estimate variation is described as a probability generation
process in 3) below. 2) Binarization step (step ST2) 10The coding data is
turned into a bicaiyexsequalsE Q¥ tleheniiaarigakiv@p Ut 29 s that a
context nodel is applied to each bin (binary |ocation) of the binary
sequence. The r fen¢nhatpi tdre zprpbabid ity aefopdanverentk ©ohe @énerial 15

di stribution ofiﬁglueﬁ.of the coding data. A variable-length binary
sequence results: %@ bBirng each bin instead of directly subjecting the

mul til evel coding datajto afi [ odi h r [visi.,ons on a
probability line is Zolfgeduceédﬂggytst %a{ltc %%erlggg'%t ieé)ojpnulgfs?gsie'Q’rr{Sal]‘:]l*igié&(;i Tikee
bi nari zati onShas:kX MEr£érofs sl &PL by RE acgONhevbdPielity3) dFhobability

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

25 bi nari zat i on Pdohaei hijtyi |esreratdiony wath 30d dereesntinieny thea cont ext
| eted. The bhins are now ready for coding.

nodel applied tq each bin are co
Each context moddRidts egﬁkﬂ?ggFSHsﬁﬁ\ﬁhbcén%ﬁRW%nﬁé(ﬁ1Qhe3 for

probability for s@1ketisn 38 P1APALLLLLAINPEGL! AL EoBRAY £ £L§ 1O 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 is assumed, that, when a total
of 100 bins have been coded using a variation of
probability estimate in a given context model, the
fregquency 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



23 context nodel determned in step STI so as to generate the probability
of occurrence of 0/1 in each bin. Fig. 8 shows an exanple of the eval uated
value 5 ek(C) for selection of the probability. The probability generation
unit 30 determ nes the eval uated val ue such as ek(C) shown in Fig. 8 for
selection of the probability. The probabili*& determ nation unit 30
accordi ngly exam nes options 10 available in the context nodel referred to
and det erm nes FSha kat, .qbahiy it ' ' e used for
coding of a curﬁgﬂf®%?%;h%}1%%H?%%Q%%Bcggié(%fgggbg$§?§#§)EﬁggﬁFFggﬁFt of
the step 3), theirbbabi hptyiafd 1500eaut efee Qf:oB/abinﬁﬂﬂgS%rﬂ’ for
arithnetic coding is determ ned and identified on a probability Iine.
Accordingly, thESOHPgneai 0310 per fer mpdatednbei ¢ .GblT nglay Tescri bed

with reference to the.related art (step ST4). 20The actual codjng data 32
(0 or 1) is fedA%é:c Ie‘?’n?% Re tg}’o%a’BPF’i ’éﬁﬁerﬁ??&ﬁ’%ﬁﬁ‘? §6dimMe frequency
of occurrencg ofyQpkds €QURLEM a &ﬁg& L.Qt i robabi Lit,
estimate in the co%&éxt node %Léﬁgtﬁggegﬁé .yggkgrcggdﬁ%Fgfﬁ?n?g i
assuned, that, woemsidblietal of 100 bins have been coded using a variation
of probability estimate in a given context nodel, the frequency of
occurrence of 0/1 undtt Rathwmtiaci oode 33 ofepeosibdixdi by dste nabeding

0.25, 0.75 Wep,ld s 30 SRS eqenib ¥ 53980 &1 19 e osﬁn?)\/?trsi AN
the transmission unit generation unit 35 and
10 multipléxed 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 (bing) 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
Subseqguent 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
ST8~5T9)

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



24 probability estimate, the frequency of occurrence of 1 is updated so
that the probability of occurrence of 0/1 is updated to 0.247, 0.752.
According to this mechanism efficient coding 5 adapted to the actual
probability of occurrence is possible. An arithnmetic code 33 generated by

the coding unit 31 fromthe coding data 32 D or 1) is fed to the
transm ssion unit generation unit 35 and 10 nultiplexed into data

constituting a hkRHH$6Y0B8cUNide At igeSH iReEnbarg) et PWenSt®PawEE) in
A determ nation is made as to whether the entirety of a binary sequence
(bins) of the cédiltdidztachdd yoeermpodsd dt@pt8T/Fox fthhe ppodpogehass 15

not been conpleteg,.control Is returned to step 8T3, where probability
generation for BHEHFIRTRENBIs Wi uehtest dprdire d5& GFRER. A it is

det erm ned t hat ,}he Lcadi PLQcess_1.S I a rgnsmnission unit
generation procgss éﬁyélgdaggpﬁé %wﬁﬁ?qkﬁiggﬁgdéf ?aCke Transm ssion
unit gener at ontpEAGASESs € $6 8RS tHIS- SdRp rAd § TG aCOth AT LW em sBlival 1ty
of sequences of coding data into a single codeword. A 25 speci al
consi deration thay $isolg dtbebg yenrtotdonatboiskgnalnits t hata lal eecotad

| mage shoul d bea frame. An example of sub-frame unit is known as a
slice structure produced by grouping a plurality of
macroblocks in raster scan order.

10 Fig. 9 illustrates a slice structure,

A macroblock is 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
telerant 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



created in units of frames so that a franme nenory is updated. This is
because a video signal is characterized by notion prediction between
frames 30 and frane-by-frane display. Therefore, it is 25 necessary to
identify a boundary between franes in arithngtically conpressed data. For
t he purpose of nultiplexing with other medi @°data such as voi ce/ audi o and
for the purpose of packet 5 transm ssion, the conpressed data for

{ransii ssi on ey hake, 8gHRnRAId] LEBNEAL 41 9sUbidii SEBbhed than a frame. An

exanpl e of sub-frame unit is known as a slice structure produced by

groupi ng a pl urdhformitieer of ocks dis@ast@edseanosdeappkipgiate
illustrates a slice structure. A macrobl ock is encircled by dotted

| i nes. General | flecpdingeist medt upesisdbsededsna ihitheop Ws§4aBIEMGi zat i on

in decoding. In_a . typical exanple, sli data are mapped_ont.o a payl oad of
2 1P 15 transpoPd HEEKER LaRAE IRt Rl 1 S PERSHIEL) DRPEE et a dat a such
as video whigh g Aglpii,vely less tolerant of transm ssion del ays,

real -tinme transport protocol (RTP) is often used. An RTP packet has a tine

stanp attached to itsroeadaris2Q asbingn.i6l iee mkades faryvitdeoemaywidre napped
onto a payload portion for transm ssion. For exanple, Kikuchi et al. "RTP
Payl oad Format t&atvFEE 49Au@ino/sd 08l ist reuaperlFFcigoed egestri BaES a

o Uit of | NPEERE T KReT LS PORY PREREIS I MRTB ARGt bR 5PE AT RRE MR a6
UDP packets, Sipge Faf9es, N9k SURBAhl eLT 8RSTS OPhatNS1ice 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 1is
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



entirety of slice data may not reach a decodi ng 30 apparatus when a packet
| oss occurs. |If the coding 26 of subsequent slice data is conditioned on
i nformati on of the discarded slice, appropriate decoding is not possible
even if the subsequent slice data arrive at__the decodi ng apparatus 5
normal ly. For this reason, it is necessary:¥% ensure that any given slice
Is properly decoded in its entirety without resorting to any

i nterdependenceacggrr(ﬁgg%p{ég, titte sﬁ%)ygg ke ensy %iqrtl:t gﬁoﬂ&g% % i Sel@gpded

wi t hout wusing informati macr ohl ocks | ocate ce 3 above or slice
4 bel ow. For i nphavenepphrakiuishnist ¢ isgdiongingf tihel entypt AbsEVEty Idf i S

desirable to adaﬁt the probability of occurrence of symbols to surroundi ng
15 condi tions ofheo des Fa@ai nMoke priveedd istfa il yi dbg ke pkldability line. To

code Slice 4 and Sli,ce b, j ndependent of each other, for exanple, a register
val ue representPﬁﬁsgaﬁﬁﬁﬁ%rBQOQQﬂﬁtﬂﬁeFi TBAFARG 2ar u‘:ﬁo{;(onaintained when

arithnetic eodi ggaqbatie; 2On! astrdiaer OBl ki dnShyca dyl s completed. For

Slice 5 the register is reset to an initial staté so that coding is
restarted. In thhsewdepahdedcienpassidea 0 vxpkoiils ot ed Abir@ay dhakdexits
between the end of Slice 4 and the head of Slice 5, 25 resulting in a | ower
codi ng efficieneyt Tsusfukblyerspdloptadtice in the design is that

remliencetC)unexpaﬁ§¥klgﬁ% %%é%iggl%¥figge1%%s of slice data is
high, interdependence between slices may be
10 disregarded so that the coding efficiency is
adaptively controlled in units of transmission,
The transmission unit generation unit 3%
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 uniﬁ 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 generation unit 3% multiplexes the arithmetic code
33 derived from the coding data 32 segquentially
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



transm ssion errors is inproved at the cost of a decrease in the coding
efficiency. 30The transm ssion unit generation unit 35 27 according to the
first enbodi nent provides a nethod and an apparatus for inproving the
adaptability of the design. Mre specifically, where the possibility of

| oss of slice data due to 5 transmi ssion errors is extrenely | ow,

i nt erdependence between slices is not disregarded but is fully exploited.

When the possibblkiehy dmp 988 A, Sl CReHRLE il 15y NE8h L1 N EEdRRRNAAENEE HPet veen
slices may be 10 disregarded so that the coding efficiency is adaptively
controlled in unntis afedignaniizai oignal 36ThestepansTW&Ei oWhem tigederation
unit 35 according to the first enbodi ment receives a transm ssion unit

desi gnati on si gAgterinedns hafd Ao bhga by disit dsitdye pRtiredy of a

transm ssi on unj esignation signal 36 i rovi ded _as ntrol_signal in
t he video codi nEE3p€ ra %%‘.mTI’i‘é”tq% Zlﬁgﬁi E?lsto TRt C&@r?e%%%%%h Erﬁ’?é%’q
generat es trsansgh s $ieQ MNbiS tBY Rak) | 5irgnig ¢ HgtCIpWod e ek rdh 4 b¢on
arithnmetic code 33 received fromthe arithmetic coding unit 31 in
accordance w thofhe tanthgxof mivhieel npnd elulidwegteansmE sspsnacm@ t
designation signal 36. Mre specifically, the transm ssion unit 25
generation uni tP85TRIMEedht exes the arithnetic code 33 derived fromthe

(Step a7e) - The trandEhi B O (FEeRERdtesh TARE Jo actErtrRbt hnBrard
coding of data {Re 3Q¢BCELP 0FKS LA nEli d i On2ulANSTE SEbtp MLk has
10 the transmission unit generation unit 35 constructs
a 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 wvalue 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



28 been conpleted, by referring to the transm ssion unit designation signal
36 (step ST8). When it is determned that coding to build the entirety of a
transm ssion unit has not been conpleted, control 5 is returned to step ST1
so that the determnation of a context nodely and subsequent steps are

per f or med. When it is determned that the coding to build the
entirety of a transm ssion unit is conplete, 10 the transm ssion unit
generation uni ttB6 eansthmetsca dwediley harit he.subsequent transm ssion unit
as described bel ow (step 8T9). . 1. The unit 35 provides a register
reset flag indicatindSwhehram aln eBigt el Oval didghikgrderddgitgndies a
probability lin tatign statu i.e..,an arithnetic_coding process for
codeword repr es(g%@ggig%%géhgﬁl T ‘be® f%%%t %iar%:ei hénﬁé\')‘(‘trée % ahs §§i%orF BRFE. 1n
the initially gehgeat @thd raBgs3d PN 88k, ANEyr 89S p6gSsh fhag is set
20 to indicate that the regi Ster should be reséet. 2. The unit 35
provi des an3i nidhavereditsé ei ndaliel whigdbtiendi calas anukygipllexedl Ugtbo be
used to start arithnpetic codi ng/ decoding to buil d/ deconpose the next
transmi ssion untit® Bty SAECGABN AheY reBRst drhe cEeg iMtRT | REFEst dsladat t he

value i s provi dAihe e ey TG R el S5 i tes Bl APbnPBRE R ng uni
31 to the transm ssi @3 tH)i £ n@ENRIBEH ONnY I mP1. 030 db c A Ppkld Usid@Les a bit
stream generated by 29 the arithmetic coding unit 6. As shown in Fig. 10,
slide header datlai¢erto~slice continuity for arithmetic coding is

10 maintained even when loss of the preceding slice
oceurs, by using the register reset flag and the
initial register value 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 FPig.
11, the slice header data may be carxied in a ‘
separate bit stream for offline transmission and

20 the compressed video slice data may have attached
thereto ID information referring to the
corxresponding 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



conpressed video slice data includes a slice start code, the register reset
flag described in "1" 5 above, the initial register value nmultiplexed into
the bit streamonly when the register reset flag indicates that the

regi ster should not be reset. Wth thg, added information described
above, slice-to-slice continuity for arithmetic coding is 10 nai ntai ned
even when | oss of the preceding slice occurs, by using the register reset
flag and the i nittvaal s egteiderayiohderRirpylundedr Pn nidwel custebie sl i ce header
data. Accordingly, the coding efficiency is prevented from becom ng | ow.
15Fi g. 10 shows Ra¥d it i enededdeo daldcmsd t he conpressed video slice data

bei I'tiplexed intg th bit st t tively, in_Fig.
17, "Phe si i b header WAPa oy bEOBAr HAE T hLAY G GHEOB) & R CRRT PO

of fline transm 33t A8de 28 e nggh%_%%{@ N6 89 )SId £ daha amay; Haye

attached thereto ID information r rring to the ‘correspondi ng slice header
data. Referr$ngstignkilg.£d%, at kel éheamiice tawaswiildradl & nfaecor dance with
the | P protocol. The header data is transmtted 25 using TCP/IP that

provi des rel ati Reighiquhingl iaasast o wRe WoRptdsded et dddndatieP ¥ sa

Lransm ted ustng RUPICREYLE chersgtar ized DL SRl el Bf ol egeor dance
30 headers and 5h3pe/d SStRAPsURISISY bRSndlibod? a drop in video
coding efficiency.

10 Once it is ensured, however, that the initial
register status is transmitted over TCP/IP, as
shown in Fig. 11, wvideo 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 is 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 wvalue is to be used, being



transmtted using RTP/UDP/I P need not be partitioned into slices. Use
of slices basically requires resetting of interdependence (context nobdel)
between a video 5 signal for a given slice and signals for neighboring
areas to ensure that decoding for a slice.can be resunmed independent of
the other slices. This will bring about a 3ﬁop in video coding efficiency.
100nce it is ensured, however, that the initial register status is

transmtted overul€RpiIRxe8 Shaw 4 NhEkberlht vhdRagsitgNa syRR%JPe coded by
fully exploiting the avail able context nodels in a frame. Resultant

arithnetically sedeendst acomyp e ilibg par piltirerieiit § oo £t nainded s$iramege i or to
RTP packetization. According to this separate transm ssion schene, the

fruit of arithmetic d&HF nG¥pretiedsec¥bpd dinsistepteymhrainédat thbat being
affected by thecEQEng(qiagi% riQQl%Q %ﬁ%ré%g 120 jgsefore, a bit
e e )

stream produced w t hout onstrain he sTiCe struCture can be

transmtted,5 whtkeneRSWd Ngnamagl ate VEbY shitdle degr ee ndfid eshhizgnce to
errors. In an alternative approach shown in Fig.” 12, a 25 | ayer above may
be used to indi tasetdligtiheregisytmax thrpuighicwtt he viglpst eeguesaie f | ag and
the initial regjster value is to be used. Fig., 12 shows a register reset
control flag, ihdfcEEOAS Wkt F&Sat s§ankxodonpkd$i AG Rt r BYi deticaket

flag and the 3% Agiiigle TPESLRLNYeoaY o NRla DG p3h LT pl exed

into a header attach o] €0 sequence-“conprising a pldarali deo

frames. Foric¥atiroudhsld the deheMdiegubidle [ henCLhGW i@l ity
is low and stable video 5 transm ssion nmay be possible by consistently

resetting REgi sthe srepisugwutresat débageguencehet ha irteigp 3t eegriesstadr cont r ol
flag is set to indicate that the register is always reset at the head of a
slice throughotf®the DR&sh Refubscatul hiphexadisen 0 shiceehystsdhieeset

flag and theilﬂéJéﬂ regi ster val ue need not be nultiplexed on a
slice-by-slice Tevel:
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+lth 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 comprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
hipnarization 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



By controlling register resetting on a video sequence |evel, overhead
information otherw se 15 transmtted for each slice is reduced in size
when, for exanple, a specified circuit condition (for exanple, a specified
error rate in a circuit) persists. The register reset control flag may of
course be attached to a header of any desir¥ed video 20 frane (Nth frane,
144-1th frame) in a video sequence. Fig. 13 shows an internal

construction of i i ¢, .decodi ng .uni of. Fig., 4 The
mﬁthneﬂ(:decong}éﬂé%fgsggg %?s%%aa%ﬂgé%%ggsﬁ&w%Lﬁ?aaggdﬂﬁ%e

initialization udinedt Mdd81CHY €XEniRdR! islet @hRkNatd ONabAkl A% s Athe

bi nari zation unit 29, a probability generation unit 30 and a decodi ng unit
38. The transm £¥ipen adthidatecodi ng. i hideindl i zatngnwiretth&7 thiet imadt zes, for
a transm ssion unit received, an arithnmetic decoding 30 process, based on
added i nf or mat i SACF@¥ated EBeaf 0Py posifet iR eEBRTg Amdl Pncltdted in a

header. Th .model ) ' [ ' 1 £4 f
dara, i e iHentERSg. WREREF e bbRsh Vocth, FEE et iRgbRR I YEE °

information 13, tkRasTosiatéak pradi éhtonamde 14iar ddeper teawwéa by
transformcoefficient data 17 is to be restored by decoding, so as to
determ ne a condexpdindel ,sshasedtdydeheniiden godiomg: expamnates. and t he
vi deo decodi ng aﬁgaratus, for the identified type. The 10 hinarization unit
29 generates a DPAAFIZ AN ohbpuVe-dR? | fedifgr APRArddMT RBd FdSodY hgedat a

type. The pr Obat?él:-btdx.n%enaeﬁpagirg%uusnjtfgg g{:ihv«saes:i‘élg(i:iti:ffied type. The
10 binarization unit 29 generates a binarization rule
defined for the identified decoding data type. The
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 seguence
resulting from arithmetic decoding and the
binarization rule.
Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Fig,.
25 13.
6) Transmission unit decoding initialization
process (step ST10)
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



probability of occurrence of each bin (0 or 1) in accordance with the

bi nari zation rule and the 15 context nodel. The decoding unit 38 perforns
arithnmetic decodi ng based on the probability thus generated so as to
restore the nmotion vector 5, the coding node information 13, the spati al
prediction node 14 and the orthogonal transfbrm coefficient 20 data 17 in
accordance with the binary sequence resulting fromarithnetic decodi ng and
t he binarizatiop,rule. . Fig.,14 is. a flowhart show a_process
per formed by {he188 ﬁﬂ%tFBedééb‘d‘fﬂﬁluﬁieﬂ’zsit‘aF SR EEL) “‘“rlg“PR@)xe
Transm ssi on uni @€ N0 kRntdi@ & €3bin0M PL 83 N HLPaSEYQ)ce (step AS
shown in Fig. 10, the status in the decoding unit 38 is initialized 6%fore
arithmetic 30 deradiyng tiseskantiak ebagsed con fheqgr dgisstgnatdswt wBatfheag and
the initial register value 34 nmultiplexed into each transm ssion unit such
as a slice (steptSTI®)gigherr ¥gilster inddstaking §bs ghaithgatnkt hee ding
regi ster va%ye ingicating t he aqgthneti% cqﬁ%nﬁ Shproggss %% rg;eé ar .not.
Wien the redi stBfOVEPTe T3 FEE&E he™Pliti'arcFediSt er€VAPUE 34" F & Yot ®
used. N r&rekexty podel s48iel M-BaLiON Pr06§s% PiN2EI 234 ORsRIOCESS
and probability generation process 10These processes are perforned by the
context nodel determmatcontexdt m8delihal i aaniaattion upicbc2dsand t he
probability generation unit 30 shown in Fig. 13. These processes are
identified as StEParspRiSiar pasyeet fvand probpbifdlighhdprediptipa 15
description thereof is omtted since they are simlar to the context nodel
determ nati on pﬁ%ﬁ@§§SSTl identified as the process 1), the binarization

process STZgi dentifi @éetg?:o@é%?@éﬁ 2r @NFe -8 HAPaBY! e 9CHRKIHON
process ST3 identified as 20 the process 3) 1 n the vided codi ng appar at us.
nodel determination unit 28, the binarization unit
29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as steps
§T1-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 STL1l1l)
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 STII) 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 5T11), in
accordance with the arithnetic decodi ng process described with reference to
the related art. In a simlar configuratio%4as t he vi deo codi ng appar at us,
the decoding unit 38 counts the frequency of occurrence of 0/1 so as to

update 30 the api Lty 0O r r,enc i 5) 3 degodi ng
unit 38 furthePf@%ngkkﬁéxfﬁL1®§?ge3§? %?%£P§§?5%§%§E§§goéﬁé?iﬁSIPﬁBW§€h a
binary series paiteraseeiddied PycbhpH PRyl dat v Rubheb(isiePy SEkdiedl f the
val ue of bin restored is not confirned as a result of conparison with the
bi nary series psttern deffiinesdbpyt Hehdi haniazdtdapienl gulde( ptetess
identified as step 8T3 for generating the probability for 0/1 of each bin
and the subseq 210 processes are perforned for a second tine (steps ST3,

8T11, STS, §T12). | f t val bi ed n 'rqﬁg:
successful | § mat chi néfi tthvﬁ t‘ﬁgﬁﬁg ﬁlﬁaﬁ%nsgﬁgggé%%?t grsnsnd(ggi Ir?l(e)(ﬁl y ‘Fﬁg
bi narization rwe£,athesdata ol ¢&HRpGatLeoRY wiiltth NBh ehbig ey t eer jase out put
as the restored data. If the decoding is not conplete for the entirety of
transm ssi on umatisech defdmsddchy(Sthep BIRaY,izdteicontade notble

determ nation process of step 8Tl and the subseguent processes 20é§£e
performed reped&fiSF Bint e thict 28 Adt y* bePt Sdnknt QEi 68T 2 -8 9dddtiied.

£S has been Cesildibeg:idego Ry P LhER tIPORhER e TQELE RSS! ON
npressed vi deo
10 processeg are performed for a second time (steps
§T3, STil, 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 transmission unit such as a slice
(step ST13), the context model determination
process of step STl 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 registex 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 value 34 attached thereto, the
regi ster reset flag designating whether the register value indicating the
arithmetic coding process is reset or not. gfcordingly, it is 30 possible
to performcoding wthout losing the 35 confinuity of the arithnetic
codi ng process. The coding efficiency is maintained, while the resilience
to transm ssion ®eonoiauiisy nPf ovRd. aRerorined ief desuhfaphceases.i sl so
possible. 5In the first enbodinent, a slice structure is assuned as a
transni ssi on uni¥edangepddticveeyeyt e presana inadnt Whialies Woal |y
applicable to a conf%guration ig{mhich.a video franme iis a transm ssion

a

unit. 10 Second b 8t ﬁno_ BPRAIRRIBBnAIGUI B i Of SRRV &Mt hneti ¢
coding unit 6 ambddgiah WHmeidsadeaot NouBk! 1%/ 2£60" Hold £9: e second

enbodi mrent wll now b
5 In the first embodiment, a slice structure is
assumed as a transmission unit. Alternatively, the
present invention is egqually 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 Dblock 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 coding process but
al so the status of learning of a variation of probability estimate in a
context nodel is nmultiplexed into the 20 sljgce header. The status of

| earning occurs in the probability generation unit 30 as the unit updates
the probability of occurrence of each bin. For exanple, referring to Fig. 8

in the first eningi@ERine 1 08 obALIINPIOY€oEh® i £ PEBRERG 25 codi ng
efficiency for block C, information on the notion vector for bl ock B above
block Cis exploited fbigetmezansetaatartitae i ondafngprebibicliiencyestsmat e.
Accordingly, if block and block B are located in difference slices, the

i nformati on on 3CHTHER BUsKol & bERpHARSHR eliPer BHDRRRGLIESd 5 36
d i h i1 fs ace. Jhi : dj
etermne the p%%qpfdfbkééeodtesg?&é’ééﬁ%r%ltﬂ éét%ﬁ%??ﬁg#ﬁ% Capob'a%te

efficiency is lowered rn a ign ere e pro ccurréﬁ%e
i s adaptively defoetgn ned using a context 5 nodel. Accordingly, the
second enbodi nent provi des a nmethod and an apparatus for inproving the
adaptability of the dasrgwdifhelyedthg efédendncyniwdhnemitclptdeides a

transm ssion unit is coded is 10 adaptiveuﬁ?controlled such that the
slice-to-slice PRENUEpRAHeACe ARPRESHES AT al AN FRIcESig i s be

di sregarded but Jbuldys SXPLRY! &k 1{ha2 GR3S JIET Byl &4 PRADIelAd Vo O P Of
slice.data due to transm ssron errors is remely Tow and the slice= 15

to-slice interdependensec ABY ke b $i£AAELTL Hh Nud 1GaSLs WaBER ¢ hes probabi l ity
of loss of slice data is high. Fig. 15 shows an interna
constructi @® of adhe takvehyetion tooell hgdusiuct hbedr dilng £ ivke- sesed

enbodi ment . )

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.



A difference between the arithnetic coding unit 6 according to the second
enbodi nent and the arithnetic coding unit 6 shown in Fig. 5 according to
the first enbodinment is that the probability 25 generation unit 30 delivers
a context nodel status 39 to be nmultiplexedshnto a slice header to the
transm ssion unit generation unit 35. Fig. 16 is a flowhart
showi ng the process perforned by the arithnmetic coding unit 6 of Fig. 3015.
37 An i medi at élry Bppeddiaatd ey da b pereenicab I e ohitie: f¢ veehantof thieg.
6 according to the first enmbodinent is that the context npdel status 39
that occurs in thePPFdeess of Eigp STRFBPrgdiet kP nghs thier$kobability of

occurrence of 0/ . bin, . .i.e..the | earning status ,39 that occurs in
t he prpbamIit){%ﬁé@?%&%ﬁku%?ttggtagq? ﬁB& %ﬁf?ﬁ%dsgﬂiﬁ?%$so 9_that
probabi ity estig@é@rkn it CONEeRlo®dal o kS Ml i Phexedd fondhgesige
header in the 10 header construction process (step S529) in the

transm ssi ondSunitthgyepepdtalonl byt 035 dorucorsiceuct £ ng/a Headesabar Bihe, next

transm ssion unit, in a simlar configuration as the register val ue that

occurs in the bindty &GP HRATRLREdISIRUSS pPdcddabf 0O8CHFBTR the  Fig.
17 illustrates Xt . el learni,ng status. descriptipn will be given
of the meaning g’fr%t egcl:(%rﬁ xtg%ﬁgﬁtlle n'llﬂé%stz"a u%s3§tu§1131ég)aii:f’§..tf‘ﬁ

20Fi g. 17 showsvarcaseiwherds tHe68adia P §0bak inff{t 8 FRCLORIPEKS L a kth
transm ssion unit. A context nobdel ctx used only once is defined for each
macr obl ock and mkelepk pbabi midytiplekedvainese nacs obl bck theaber oblnoGkh e

25The contﬁéi ngdel status 39 is inherited froma transm ssion unit to the
next transm$si BRAARE . CPMSE FHARZOPh BT QRES B (At P aBFY ctitk(bhe) for 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 macxoblocks in a kth transmission unit. A
context model ctx used only once is defined for
each macroblock and the probability in c¢tx varies
macroblock to macroblock.

25 The context model status 39 is inherited fron
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 c¢tx in the k+1th transmission

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



kth transm ssion unit is made to be equal to the initial status of ctx in
the k+lth transm ssion 30 unit, i.e. the probability p0O, pl of occurrence
of 38 0, 1inctxk'(n-1)=0, 1, 2 is made to be equal to the probability
pa, p of occurrence of 0, 1 in ctxk(n-1). T4 transm ssion unit generation
unit 35 transmts data indicating the status of ctxk(n-1) 5 in the header
of the k+lth transm ssion unit. Fig. 18 illustrates a bit stream generated
by the arithnetilc dodimgetm*t! fnacegeradi ng, tp tilke megondoepkodiqe@al . tlbh t he
second enbodi nent, the slice header for 10 the conpressed video slice data
has i nf or mat i on 5%diRESPAS itlHict ¥ oRPexty miledcsuamenes ©heOprdcetling slice
attached theretQ, i nq%@'tigg tqithe sl.ice start code, the registey reset
flag and the initial re91 st af S IR AREEFdIHY 1BHENE FNFT E 18N MOHE nd At
shown in Fig. 1@ransmiténdat Al i Loyraf C

enbodi nent, the register resefgf%ggagggﬁﬁﬁgﬁﬂ E %ﬁﬁﬁﬁ9lcg%igﬁsgﬁqhg£?her
the context odéhn $that useasiemuldf ptaxed+art Mot x ain® neksls £ b AN uinG. 8N

i ndi cation of 20 whether the initial register value is nmultiplexed or not.
A flag other than thé +8gi dtferilbust riateRe naybilidiscix eahheear ahedc ot ext

nodel status is | tiplexed, ar not..25Fi g., 18 shows the slice header data
and t he conpresge %ﬁgﬁgggﬁFéé:dﬁfnggi 3ﬁhI§iBF@%EHP+ﬂﬁotPhé”§%ne bi t
stream Alternagéb¥shy &S8nbyideseribed in the first enbodi nent, the slice
header data may be carried in a separate bit streamfor offline

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
ox not.

A flag other than the registexr 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



30 transm ssion and the conpressed data may have 39 attached thereto ID
information referring to the correspondi ng slice header data. Fig. 19
shows an internal construction of the arithnetic decoding unit 27 according
to the second 5 enbodinent. A difference between the arithnetic decoding
unit 27 according to the second enbodi nent asd the arithnetic decodi ng unit
27 according to the first enbodi nent shown in Fig. 13 is that the

transm ssion unit decoding initialization unit 37 10 of the arithnetic
decodi ng unit 2%tiecdreldnghterathe I&comdf enbadiiment r déledrveisgt he clonkext

nodel status 39 for the imedi ately preceding slice multiplexed into the
header to the p?85§tﬁslﬁ?c?9ddé1r9ersdje+8ﬁ Bfadap €6%%at the context nodel

status'is inherited jbsé hsehbggeg fnllt\_’%Br edé&ﬁﬁ%ll'fgtlaeco%$ng%i 20

is a flowhart shomnng process. péer ar it hire

27 of Fig. 19 Aadikharsance a@dw&ﬂnbhwl@mhaabdﬁr&ag ZtooZQh@n%é@éhdof
Fig. 14 is that, in step STIO for transm ssion unit decod
initializatiSon, emhe ddardrext mdﬁfSEamé%eemdthmmﬂWhmeﬁc header

is output to the process of ste? 8T3 for generating the probability of
occurrence of OF8CPEANIL @RAK B Regorerdrd ity the heccombxemhpddinent
put to.,step 8T3 is

Used to gener atE RhENST FURBFIG: Bf Becaatge dro 37i RAGBEBBAHIT  ty
generation uni t39. 30 ftt@ﬁb@mb@énef sTAWEXLnMRA) S 1S eI refglky + 0
| arge, carrying of the context nodel status in the Slice header |ntroduces
an overhead causesinbyisld ténheadar sdebbdihig £ase.iLDhitexticwdghs tproyi di ng
S|gn|f|cant contribution to the coding efficiency
of the arithmetic decoding unit 27 according to the
second embodiment delivers the context model status
39 for the immediately preéceding slice 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 1is a flowchart showing a process
perfqrmed 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 ST10 for
transm;ss;on unit decoding initialization, the
context model status 39 restored from the slice
header is output to the process of stepASTB for
generating the'probability of occurrxence of 0/1 for
25 each bin by referring to the context model
determined in step STl. 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



5 may be selected so that the associated status is multiplexed. For
exanpl e, notion vectors and orthogonal transform coefficient data represent
a large portion in the entire coding volune so that the 10 status may be
inherited for these context nodels only. The type of context nodel for
which the status is inherited may be explicitly nultiplexed into a bit
stream so that the status may be selectively inherited for inportant

cont ext nodel s 18xdepenth ngyadamd hef | bbal ceondeéktomotdwal stedus i invideo.

As has been descri bed, according to_the second enbodi pent, for transm ssion
of conpressed vF#&6eddSR AR F dYrgH @il teverkhead | cRUAESIEY datac®o
has the registe o L i pit.ial i ster e t node
st at us infornat%%%h%gfache% ? éf%f%%gghe%ﬁﬁ?gggﬁ F%é?%?%rbgﬁég‘ ég gnating
whet her the regssgfe rvial et i BAnGAt i PGB ald t BBt ke CPEG NG FATIACESHclS
reset or not, and 25 the context nodel status information indicating the
context noddl stayubeofsdhectenedi@atehgtprdoedaagosliiceedAstartdinghy, it is
possi ble to performcaoding wi thout losing the continuity of the arithnetic
codi ng process.®™heipdd¥RAef ficiency is 30 maintained, while the

resilience to transmgsion, 41,60 rorrng%\igzmi "PEYELs and o&-’%ﬂé‘«foﬁgﬁond
‘ i 11.

enbodi nent, a slice structure~s ‘assu as a transm SSi on un

Al ternatively, $hgnpreseitcsBYenld 08ntSa8qual # ¥p2apRldcabhe 19 ¢e 5

configuration in which a video frane is a transnission unit. In the
second enbodi nemestinhorimattbe iendi taei ngdieg conflente npdelthsttattuseof t he
innediatel¥8preceding slice is attached to a 10 current header. Therefore,

referring Fig-3BuSepéy when Bkl tednd N oEReBE ARAF&XS oA @LEdi ng
Chr ough pr obab 49" a0t ATBR 08 reoEbRelmRaRY 5 MESERCAS ' (e TE
context nodel sHiafthgs0hi Pl OCKeB iibdlehgyMyd Naxphe carobabinkiliei dpsxbhock C.
The coding efficiency with which the transm ssion unit 1s coded is
adapti vel y contirdié ed buch ¢ habamhessl theatt c:lséi seaiinterdeyemdence i s not
di sregar ded mﬂséfﬁégggg?g 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



20 nodel status for the immediately preceding slice is fully exploited in a
case where the probability of |oss of slide data due to transm ssion errors
is extrenely low The context nodel status for the inmediately preceding
slice is not used and the 25 slice-to-slicej nterdependence 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 enbodi nent

has been describedo36 assuimpgotted.information indicating the context 42

nodel status for data in the |nned|ately(£reced|ng slice is attached in
each slice header inXtdiRposacPrheerdficinentesdt §}hgeafdihet e ijd

register val ue aogandingd ot Liogt pemhadient. S dentatively, the

regi ster reset ag an e accor

enbodi ment may pPeesBhit gth $&nkhatn Oﬂéyetﬁ%lw 0% PRUiiQL b Ndi €af iyg the
context nodel status for data in the immedi ately preceding slice is
attached 105 n eehighiree: headdmn wWitehnat iwslge fhrammniexia nodel status
reset flag (see Fig. 21) may be provided irrespective of whether the

regi ster reset ¥¥® Sﬁﬁésﬂﬁ€‘|ﬁﬂmﬁﬁ regi ster value according to the first

enbodi ment are provided, hat. o he el status
reset flag is off, q@ tﬁﬁg % éy$ %gééﬂ'ETa?%é ﬂgﬂﬂ féreseqf t he

i nformation i ncmrc&iéaﬂlmge @Het %@ni@ﬁé%l neid UssEat wdat@ri Rnthe | medi ately
preceding slice is attached for use in decoding. 20 Third enbodi nent A

di scl osure wi | limmoed betgilwenpotcihbindi sd ienboids nentt acheli ¢l ta ansni ssi on

units are constructed according to a data _partitioning format 25 in
whi ch codi hf dSrBeRtghQAREr ac FoRF A§OrE o HRfarnyjyg to Fig. 8,

even when block C and block B immediately preceding
block C are located in different slices, the coding
efficiency is improved through probability
adaptation using context models, by exploiting the

15 context 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



The exanpl e expl ai ned below is taken from Wrking Draft Nunmber 2, Revision
3, JVT-B118r3 for a video coding schene discussed in Joint Video Team 30
(JVT) of I1SOI1EC MPEG and | TU-T VCEG The draft 43 discloses as many data
items of a specific type as there are macrall ocks in a slice structure as
shown in Fig. 9, are grouped. The resultant data unit is transmtted in the
formof slice data. The slice 5 data (data unit) constructed by grouping is
of one of data PYH&S EtALUEh T theka dRowh el Bhe digt akanpreceding

TYPE_HEADER pi cfure, (f.r r..slice header 10.1 TYPE NBHEADER nmacr obl ock
header inforrrat%grll‘%(ecolasla%%tn%%’% fb?nﬁ?Fg)n)S]jlePEeW%%’f?oﬁdE’c_ P03
TYPE_CBP CBP (neB- Z@le0 ,aid 198analy d58nskanmy coghf Lakent Paisier 2 ddi e
macr obl ock) 15 4 TYPE 2x2 ort hogonal trarsform coefficient data 1¥°E

TYPE_COEFF_Y orvhbdgenalcdondshgr maeoehéi ciiantt danhodidment. 6 TYPE COEFF C
orthogonal transform coefficient 20data (3) 7 TYPE EGQS end of stream

i dentificatifon PhESFR&YISEESr Slempregigtan ceesetddilad yprd? tdre
ected as many

e tor | CIFIE AR R FLLES, S ALl 008, 8 ROLd PR
slice. Accordi ngh¥odWhRhi NRal+hldh shieeedl &b t¥REt only the
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 attaéhed
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

& video coding scheme discussed in Joint Video Team

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



TYPE MVD is subject to decoding follow ng the kth slice of a type
TYPE_WD, only the context nodel 30 status for nption vectors occurring at
the end of 44 the kth slice should be nultiplexed into a header of the
ki-lth slice carrying the TYPE_WD data, imprder to allow the context
nodel |earning status for arithnetic coding of notion vectors to be 5

i nherited. Fig. 21 shows an exanple of bit stream generated by the
arithmetic codi rfbl%%t?s@sa(ﬁ?orf%ﬁﬁﬁ f@ tighel tanp d cdhtfods oAt f iRefey pienge g o

Fig. 21, when mqt.ion vectors ar ol lected to cqonstruct slice 10 data of a
data type 2 or TYHE RABECt R 1T REORERIS™ HasS LAtk ot PREFES 38 sFidarn

start code, a data fyge bD ,0.!1913% g@;ﬁk@% -I:thﬁ;yvpes%lclpé‘ﬁgxha'{%del%nrttatjtl?

reset flag and infornation in the context nodel status for notion

vectors occurringdibsmbtted iimredhat gloymprecediliges|dLea . Wree anlYce
orthogonal transformcoefficient data (2) of a data type 5 or TYPE COEFF_Y
are coll ected t fadohst?ast sinide) daeas hekeiicbyhapPhag dta aelfiedne

thereto a slice0 3&; coge a data 20 type I%%desigﬂgting TEPE FE Y, a
cont ext nodel st Y 3se¥ PESad ahd® Pt At FBR Sien di EAY P ng S cohP&xt
nmodel status fopxenidwgonal transform coefficient data occurring in the
i mredi ately preceding slice. 25Fig. 21 shows the slice header data and the
conpressed data being multiplexed into the sane bit stream Alternatively,
the slice header data may be
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 slice 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



carried in a separate bit streamfor offline transm ssion and the
conpressed data nmay have 30 attached thereto ID information referring to

the 45 corresponding slice header data. Referring to Fig. 15, the
arithmetic coding unit 6 according to the tddrd enbodi nent is inplenented

such that the transm ssion unit 5 generation unit 35 reconstructs
in accordance with the data partitioning rule

macr obl ock datatin qfsgici_ !
descri bed above P& HHAt SEHE S 5 harbEnda di Hbdipdsaachgi R he @atkesgpe and

t he context nodegls | ni. R t afus., COr.I ondi ng,to type are 10
coIIectedir1sI?§é eua#+%§ e%#%ﬁﬁtgagﬁilﬁ@,gpﬁeﬁgﬁﬁjﬁiﬁi %k%od#ﬁg
uni t 27 accor di D the &t QOdEBRHlel© hERLIMY £ SHEh dihat o of OF
arithnetic decoding, a context nodel to be used is determ néd by a?Fomﬁng
15 the transni s§Pén amithdetddi mpd hihti @lfi zaet bonurisdet37r s otpotidy t he

cont ext nDd%g det rntna%ion unit 28 of the data type ID nultiplexed into
the slice h&adet® St %% cont ext rodel | earning status 39 is inherited

across bounds of S11g8eq0Y23l lahg hhe SadfRESESH L0 fREQNNY
generated by the arithmetic coding unit 6 according
to the third embodiment. Referring to Fig. 21, when
motion vectors are collected to construct slice

10 data of a data type 2 or TYPE_MVD, the slice header
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



notify the probability generation unit 30 context nodel |earning status. of
t he As has been described, according to enbodi nent,a video signal

is subject to the third 25 conpression coding by being divided into
transm ssion units grouped according to preggterm ned data types. The vi deo

signal belonging to the transm ssion unit is arithnmetically coded
I s continued 30 across bounds of transm ssion units by

such that codin% | ¢
inheriting, 46%%steaBosdingsetling, edgynBdltaoccurrence probability
| earning status fromghe earlier, transm ssion unit_al rouped accordi ng
to the data type. Accltc{)Fa CAdiVP9 atRi gljrgd'egfgé &#‘eer?’é?%gm%tlg coding

unit 6 according to the thirxd embodiment is

implemented such that the transmission unit

3 generation unit 35 reconstructs macroblock data in
a slice in accordance with the data partitioning

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,



5 resilience is ensured and the coding efficiency of arithmetic coding is
inproved in a configuration in which data are grouped according to
predeterm ned data types. Wiile the third enbodi ment assumes that slice 10
structures are organized according to a dajg type as a transm ssion unit,
video franmes may al so be organi zed according to a data type. In the exanple
of bit stream syntax according to the third enbodi nent shown in Fig. 21, it

is 15 assuned thaétctha headeesektsiige €akashorbel gbvemdaimckype has
attached thereto a context nodel status reset flag and information

i ndi cati ng t he mombeakti ligdel 1stanisipfsdatasi 1o theediagiklgrprecedi ng
slice when the flag is off. Alternatively, 20 ip a simJl.ar confiquration as
the bit st ream%%‘?ﬁ%lééc‘d?’ﬂi BB ito akiP sBEGH® HhpbdBF RETWhotiR itP®i g. 18,

t he header of siji f i ta,t hereto a
cont ext nodel s(%%aifcﬁsg?é%e't %?gaggﬁglﬁlﬁlbrﬁaﬁ&&ﬁ%?ﬂ?géﬁ %ﬁ ?ﬁg‘%g)ognt ext
nmodel 25 statusredidabade {HechbmBERILhY RIRCEHbAYNnY iecff beR e bkag is
off, in addition to the register reset flag and the initial register value.
Al ternatively, atiethnatda aodbhygstiat usnpesated | by Aagond gmredden that
the information indicating 30 the context node], stafus of data in, the

imedi ately 47 brERedpld ¥ eeIreUahy_CSOTARY +8r BISE T heddbdeg,

irrespective of t the register reset flag and the initial register
val ue are provfﬁ%%f gfhe%ﬁé first through third enbodi nents, video data is

given as an exanpl e phidigdi¢Re €hGnal Sembb@ M &FENhsisMEY | BRaItS £DEak! Y
applicable to digital signals for audio, digital signals for sill pictures,
digital sibhal sthorctexes ante nokgiamedied according to a data type

as a transmission unit, video frames may also be
organized according te 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 attached 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



10 digital signals in which these are m xed. In the first and second
enbodi nents, a slice is given as an exanple of digital signal transm ssion
unit. In the third enbodi nent, a transm ssion unit, constructed according

to data 15 partitioning for collecting datajn a slice according to a data
type, is given as an exanple. Alternatively, an image (picture) constructed
froma plurality of slices, i.e. a video frane, may be a transm ssion unit.
The present invemsasd ahgosfliings 20 adwapp | sttiamdd fost arsageiaystem In

this case, a st%8 e unit, instead of a transm ssion unit my be
construct ed. %EQAPPHR§&9%F¢¥V25Q$rﬁ@eﬁééﬁfd%gérﬂﬁﬁﬂsﬁealgltm

signal coding a C rd ores vent IS suitably used
for transn135|oﬁe%fq%u€%g r%sé% V|dé§q%d':§ geﬁ*ﬁ% b E é% %5 ree of
error resptbeﬁgyeds ensured and the coding eff|C|ency for 30
arithmetic coding is inproved. 48 The invention clainmed is: 1. Adigital
si gnal codi iy appar atus toe nakiay aha?@nm!es‘sham‘cbo&inhgdhylahmsdl lvg_daeo

digital signal in _predeterm ned transm ssion units, conprising
arithnetic codi Agtani%S 1B VeSS SR nGXERW 1t gf £aid i Hhal 6ﬂ9ﬁﬁ§s- The

tran&ﬁSSionl”%%egﬁﬂy'{Hgghﬂi§§diQ99qu§¥f§ applicable to digital
signals for audio, digital signals for sill
pictures, digital signals for texts and multimedia
10  digital signals in which these are mixed.

In the first and second embodiments, a slice
is given as an example of digital signal
transmission unit. In the third embodiment, a
transmission unit, constructed according to data

15 partitioning for collecting data in a slice
according to a data type, is given as an example.
Alternatively, an image (picture) 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.



the arithmetic coding unit multiplexes information representing an initial

state of probability of occurrence to e used for each digital

said transm ssion unit into a bit streamas part of the digital signal

said transm ssion unit.

conpr essitoh igodintg dy diadirichg.sa digital signal in predetermn ned
transm ssion units, conprising: an arithmetic coding step for conpressing
the digital signal of said transmi ssion unit by arithmetic codi ng, wherein
the arithmet idigadiing isren Mddiing exes ranfer Fli @R kieRr 8Sebligiean dniti al
state of obability of occurrence _to be used for each digital signal

said tr

s igh diiiding ¢ gigiitadt séamads ipapregdeteraiaeg t al si gnal

sai d transfssisan didnits, comprising:

an arithmetic coding unit for compressing the digital
signal of said transmission unit by arithmetic coding, wherein

the arithmetic coding unit multiplexes information
representing an initial state of probability of occurrence to
be used for each digital signal of said transmission unit into
a bit stream as part of the digital signal of said

transmission unit.

2. A digital signal coding method for making a compression
coding by dividing a digital signal in predetermined
transmission units, comprising:

an arithmetic coding step for compressing the digital
signal of said transmission unit by arithmetic coding, wherein

the arithmetic coding step multiplexes information
representing an initial state of probability of occurrence to
be used for each digital signal of said transmission unit into
a bit stream as part of the digital signal of said

transmission unit.
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