1 SPECI FI CATI ON DI G TAL SI GNAL CODI NG APPARATUS, DI A TAL SI GNAL DECODI NG
APPARATUS, DI G TAL SI GNAL ARI THMVETI C 5 COD{NG METHOD AND DI G TAL S| 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 decoding apparatus,
a digital signal arithmetic codi ng sekkad pofTaaliigi tal signal a ithnetic
decodi ng net hod used for video conpression coding and conpressed vi deo data
transm ssi on. 15 BACKGROUND ART In International standards for video
codi ng such as MPEG and | TU-T H. 26x, Huffman codi ng has been used for
entropy codi it G HIALmehI 68diIngC 20 ¥ ovAREARATYS i nBhTolithg SefFbdnance
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coding is prqﬂﬂ? f19¢l that adapts dynamcally to the probability
of appearance 0 8ﬁ%§ﬁ%i ggf I'nformation synbols and is capable of 30

representing a plurality of synbols as a single
TECHNICAL FIELD
The present invention relates to a digital

.16 .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
iﬁformation symbols varies.

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

30. representing a plurality of symbols as a single



2 codeword. The concept behind arithnmetic coding will be outlined by
referring to Mark Nel son, "Arithmetic Codidg + Statistical Mdeling = Data
Conmpression 5 Part 1 - Arithmetic Coding", Dr. Dobb's Journal, February
1991. It is assuned that an information source generates information
synbol s conprFSHRY ¥ Phabets and a message "BILL GATES' is arithnetically
coded. 10The probabjlity of appearapce of individual characters,is defined
as shown in Fig. 1&'5@ i%%ﬁggd%%g&%l%ﬁﬁt'me FAOELGI M ihdrhons of
a probability_ || i hed n 1 e, yni_que), t.abl i shed for
respective ch%lr]gg?éf%.ﬁ %&Su %’5%5%’%%, ttt%gm%ﬁgr i‘f]eggna're %ﬁg]ﬁzelbq‘e%‘ca
coding procesgedfinst+ Ehed e5t8a B Mo SPERY. Thhatlas @ORB dk & g f or m of
identifying a rangéﬁ[O.Z, 0.3) oﬁ”%he pr oba ?gityh?ﬁne for ?hat %nghcter.

Therefores theatettier-"BY jcofimesRendeola " @ 381, ob oldighs Valisr 2pd ,a Low
value in the range [0.2, 0.3). To code "I" subsequently, the range

(0.2, 0.3) idembifiiaady i h9t9he. pfaceiss ok sonméedgtiHaB b regaodec 8soa new
segnent [0, 1) so that a sub-segnent [0.5, 250.6) is identified therein.
The process dfCWFCEnnee heIgoueag linsf arpiadcess ofy e dess st ompy iroimdi ng
rages on theéProFability | ine. Repeating the process for the characters,
the result of?HPPERGERT cadsHi fgMers sBIeL "GIES" GATBE "r ebf esented as a Low

val ue "0.2572167752" of a,.segnent after the coding of the letter "S" is
conpl et ed. %é&gg%etlcallygcoﬁef; g _

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 Subseguently, the characters are subject to a
coding process. First, the letter "B" is coded.
This 1is done in the form of identifying a range
[C.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" subsgequently, 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
regsult 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 deternﬁge a range on the probability
line in which the result lies and determ ne character assigned to the

range. In this case, we restore "B". 10Thereafter, the Low value for "B" is
subtracted fr r.es d e | t ant val ye i.s_divided. hy .the
magni t ude of t e&ggﬁﬁg %%%#%E,tg&%dégﬁﬁdug0&%%35%77§iietfﬂ%s Bnabi®s us to

restore "I" CQﬁﬁE?@%QQ&@g to the segnent [0.5, 0.6). The 15 process is
repeated until "BILL GATES" is restored by decoding. By perform ng an

arithmetic coding an deseiddedqalipyse e de5aaen Ofi (RXE £8RE d Nt CoUld; b
mapped onto a single codeword. "I n actual 20 inplenentation, it is

i npossi ble topaperases W th infinite deci mal precision. Mreover
mul tiplication and division are necessary for coding and decodi ng so that

heavy conput ati onal Flioaglti,s 1 hposand i Tlyesee pudbt emd .at @72ddr 23 sed bys25

fl oati ng-poi nt decimal conputation using, for codeword representation,

regi sters of BFATEBE& E9psleTRENOW 9 aBue 4 B I&ppe Bxitriae ed b abpdviet yof 2

Tdeal Ty, "ari t NS ol Bodi GoRecbRa: s T8LEnGl ABGveatid deteliine 3

character assigned to the range. In this case, we

restore "B". | |

10 Thereafter, the-Low‘value‘forr“B" is
subtracted from the result and the resultant value
is divided by the magnitude of the range of "B",
producing “0.572167752”. This enables us to restore
"I" corresponding to the segment [0.5, 0.6).rThe

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 division 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-



4 described process enables entropy coding adapted to the probability of
occurrence of information synbols. Mre spegifically, when the probability
of occurrence varies dynamcally, the coding 5 efficiency higher than that
of Huffman coding is available by tracing the variation and updating the
table of Fig. desppibid apebyess endbhee tehet dogihi atosdliignal adaghent ke
coding nethod and digital arithnetic decoding nethod 10 according to the
rel ated art artdreopfiogurleidlds wesr idiech abene;e eadh viflecrfamen s di vi ded
into segnents for transmssion in units that allows resynchronizatjon (for
exanpl e, MPEGSY™P¢Eé -stM@ECursdyera okt 1o i hLR Ach dedipiagpéd 16y of
occurring in an entropy-coded vi deq signal e to, transm ssion errors.

Eufflman codi n§ GtapsT A §i Hadt edd AN ﬁﬁ@ﬁglif nt& d‘éﬂ/&irjg%gof an integer
: I au PHG ST . \ . o
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suspendi ng a E F I i I g g r tsl
p g ﬁ@@lnﬂagl%fngn:ﬁfa{@%gggﬁg%e Qa&dﬁé{:fL% Lan @ﬁ&ﬁl%lxggl Phe

codi ng, the process of ng t ability of occurrence of e ier

symbol s shoul dalpg ¢ esgt Ispgas IZSapQIQ;t;]pyhtléilt}s,for establishing a code. As
a result, the coding efficiency nmay suffer prior to and subsequent to the

suspensi on. Anot her Spmate etnhteo dibgdddressédinasl t hati t hhet b avidiwetic
codi ng process is not reset while coding a video franme and 30 the frane has
to be divi dedtefth® dmamnd uhigs tsatha s thnpidket deéstaed o9 trehbridssi on,

decodi ng.of a Backet_cannot t ake place without the imediately preceding
packet didfa sBEERHAA NGNS chle aBedrde@f PE& A BR ARG IGIFREY a%sul t

when atranm%ggg¥hbed above, each video frame is divided into
segments for transmission in units that allows
resynchronization (for example, MPEG-2 slice
structure) in order to minimize degradation
15 occurring in an entropy~coded video signal due to
transmission errors.

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

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

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

30 the frame has to be divided into small units such



5 error or a packet loss due to a delay occurs. The present
invention addresses these problenms and has gan objective of providing a
digital signal coding apparatus and a digital signal coding nethod capable
of ensuring a high degree of error 10 resiliency and inproving a coding

efficiency of a&ipbReBid€ @Qdiddfor tranEheiPEeEN HBwHieg hws a further
obj ective of providing a digital signal decoding apparatus and a digital

si gnal decodi nga okkhod:gapall et ek el Preperw fiehedingt hre aimintudata oe lwher e
t he codi ng apparatus continues codi ng across bounds of transm ssion units,
by inheriting,pfaseddd ®f paedetti dgyt & hecartihatets cgvodiigastatadvesse
earlier transm ssion units or_the synbol probability 20 |earning status.
DI SCLOSURE OF erHEerfwEN MmO ideo qual dégorcaptd ivhed f gitansngssion

codi ng apparatus and a digital al codi ng pet hod ég according to the
ti

present inventioh®TaCdi gitt Qla%]félﬁglrl?)%? 59nk8 iThtBEhA% sOF§Y ressed by
arithmetic coding. lLnformation representing, an %r&iégg%tgbctgggi@gytﬁro%tl“éﬁs
H ge, may be mul e

occurring when a transmi §5ion- uni t-hag “been” co I'plex

into data consfjduhhRd £,SH el e G%t EANSTLESI g WNid 1+ g Acler “@Eg\h%])h a

probability of occurrence of “coding synbol's may be determ nhed, based on

dependence of ddwifh0idbasiagnes @ededaom iter ai1gnadl gnkdl uded iimg one to @
plurality of 5 adjacent transmi ssion units, the probability of occurrence
may be | ear nedtdyyabdentd igeafueduency hfigiccdegernee off codirg synbol s and

information representing a probability |learning status, occurring when a
gi ven trdrdm gsisohl iginc hasnseehmproving a coding efficiency of
arithmetic coding.

The present invention has a further objective
of providing a digital signal decoding apparatus
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
signal partitioned into units is compressed by
arithmetic coding. Information representing an
arithmetic coding status, occurring when a
transmission unit has been coded, may be

30 multiplexed into data constituting a subsequent



10 coded, may be multiplexed into data constituting a subsequent

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

status. Thus, @rhhgh 0e0566 0in8il O afieH A SRGE AN, 2B IFPHREN; §9¢ N0 £
efficiency of arithnetic coding result. In accordance with a digital signal

decodi ng 20 appacatrysepned » Hi gblddingi gRalbé@eoding Bet hddt eaaeondidng to
the present invention, a decoding process nmay be initialized when decoding
of a transm sshanednidni degtand ed,c dasdd tonei dfigrimes o tyhailpl erded ntw
data constituting the transm ssion 25 unit and representing an arithnetic
codi ng status.tiet edrEr @ deliynic hugegbabinl iaye of rsyhbbl ugcrbiitdhceLused in
decoding the transm ssion unit nmay be initjalized when decodi.ng of a

transni ssidn (Hf § AFE Tt aF FER SBASE-OR U bF Frat itdHe nBEARE B F¥it 6 Tdat a 30
constituting Hﬂgcaraggnission ugit nd rﬁg%egentkﬂ?n E a SX”BP' Qccurrence
probability | earni ﬁﬁ sq(é‘taugl,aifh ecoﬁ%?g& Vgict AL é’n%l recer 96F 4 t he
units may be 0 , ter okni qgfﬁ'lit 0 f
restored synb%fg,gggélelgy%ﬂ%fgpge%dm&g%gg%f godi%i‘?éld g%ﬁ%@‘ﬁ%égé’é’d on
the signal ingajgledsidh©ONRq0ra applo@bili©f 2diaA6eDhgt rPaFSS| ON units,
and by | earning the probability by counting a frequency of the restored
synbol s. Wthadisrrinmpewhdacodi ol v &npasSsa hkaiigs o h0 whliwati @8 bheie the
codi ng apparatus continues coding across bounds of transm ssion units, by
i nheriting inmstdad,omaesete imgltiihel exiadinknite obaltag seasisi ok igar laer

transm ssion units or the probability |earning status. 15 BRI EF DESCRI PTI ON
OF THE DRAW NEZbsedquent transmission unit.

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

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

In accordance with a digital signal decoding

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

25 unit and representing an arithmetic coding status.
Alternatively, a probability of symbol occurrence
used in decoding the transmission unit may be
initialized when decoding of a transmission unit is
started, based on information multiplexed into data

30 constituting the transmission unit and representing



Fig. 1 shows the probability of occurrence of individual characters when a
phrase "BILL GATES" is arithnetically codedy 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
codi ng appar atalsg yaeeor dbag dxor @nbig Sp remasli rety of ekber pigsetatus,

25invention. Fig. 4 shows a construction of a video decodi ng apparat us
(digital signdihdecodipweappat adiig)i taatomsdigugailo tdeefivrest enbddheemnits
Fig. 5 shows an internal construction of an 30 arithmetic coding unit 6 of
Fig. 3. 8 may pieg.decpdedl £ | biciie t egHovi hf Iprioces o&xa el fidrred@ oy t he
arithnetic codiqg unit 6 of Fig. 5. Fig. 7 illustrates a concept of
a context mod&SCRFEENEei PRUSTFALOT of EXVARRP &Saf RBAEEIO R dSPFBAACE
otion vecgor 'ofl'ghegdsihg%ai Ss'i%%asfr}:{%tcuorgéd 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
10 situation where the coding apparatus-continues
coding across bounds of transmission units, by
inhexriting, instead of resetting, the arithmetic

coding status for earlier transmission units or the

probability learning status.

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

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

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 10 shows an exanple of bit stream generated by the arithnetic coding
unit 6. 10,Fig. 11 shows another exanple of it stream generated by the
arithmetic coding unit 6. Fig. 12 shows anot her exanple of bit
stream generated by the arithmetic coding unit 6. Fig. 13 shows an internal
construction of an 1Biaf.thmiisi ;a decodidigahti ts Réwan i grokesses Fig. 14
is a flowmhart of processes perfornmed by the arithnmetic decoding unit 27 of
Fig. 13. pefE fip ru&dsHows tare | aremahe tdansteadtinan wohitthes apift mei.c 5.
coding unit 6 according to a second 20 enbodi nent of the present invention.
Fig. 16 is a flowchaFidsholi kd IprdEEadess par forredply @headardeneidt coding
unit 6 of Fig. égél Fig. 17 illustrates a context node

| ear ni ng 25st af*

Fi g.
27 accordi ng tpot-he sgeend,n 9 8ERQel ment.

Fig. 9 shows a slice structure.

by th i &h i I i i h d_enmbodi
/g 1o showe an i ni ot Hel ToCHIEFBRDT tRe o RPInRE &4k

Fig. 18 shows an exanple of bit stream generated

et gmaded

Fig. 10 shows an example of bit stream

generated by the arithmetic coding unit 6.

«30 + «. ... Fig. 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 decoeding 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



Fig. 20 is a flowhart show ng processes perfornmed by the arithnetic
decoding unit 27 of Fig. 19. 5Fig. 21 shows gan exanple of bit stream
generated by the arithmetic coding unit 6 according to a third enbodi nent
of the present invention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

10Her ei naf t er, e@&Cd 1meoft £ he invention will be expl ained by describing the

best node for carrying out_the invention with reference to the attached
drawi ngs. First enboBiifent? A5ASf & sf 1ol énts lo@ wiitied ppeosRs smeention i s

present ed usiqg ag examl €, diiclosed i,n D.,NBQPe et al. "Video_Conpression
Usi ng Cont ext - B35&F HAGHt iRe APFt it tORDbiRgd e F RO Roddl &dnfef edde -
on | mage Procegging 2001, in which 20 arithmetic coding is applied to a

vi deo codi ng schene where a square area of 16 x 16 pixels (hereinafter

referred to as a mopohlogk) pAGHCedab LOREYAT Y ey €1 B0 2, yhdeo frare
is acoding unit. 25Fig. 3 shows a construction of a video coding apparatus
(digital signajesedidtgearpar atHs) _a&epehﬂiéigiépctdwiﬁgrainfﬁb%d!.ir@eb&iiﬁ@e
present invention. Referring to Fig. 3, a notion estinmation unit 2 extracts
a motion vect dro 5af drh 2adh exfb ¢ Bd r¥h traerfobt hekp 0ésam i nPrty eviglee nsi gnal

1, using a
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



10 reference image 4 stored in a frame nmenory 3a. A notion conpensati on
unit 7 constructs a tenporal predicted inagiOS based on the notion vector 5
extracted by the notion estimtion unit 2. 5 subtractor 51 determ nes a
di fference between the input video signal 1 and the predicted i mage 8 and

outputs the di tharensgcas fRaly@Pr 2k J¥redi gtd op EE:%%{? sén%ﬁ:lrg 3A spati al

prediction unit 10a refers to"the 10 input video signhal 1 so as to generate
a spatial prednotiigneconpshgnalidid yhieking:ensredictson fyompepatial ly

nei ghboring areas in a given video frame. A coding node determ nation unit

12 sel ects a npdedcaphbklde ifiagedithgbasteat gen nHre ohlodcko nostedboef fd ciently
and outputs coding node information 13, the node sel ected by the code nbde
det erm nati on B8Rt ARt BE dyy ofi@ cofmatdstl oRsddmprhdemn dhnidde f oA codi ng

t he tenporgl Q%egiction error signal 9, a skip node for a case where the

or

notion vec P EAC ey ZhdAETeE T RAPG S 2piedt EESN @fr eV g6 BhRas a

nul | conponent an.i,ntra ppode for caoding.the spat.ial prediction errar
signal 11. in8Q£1%%ﬂ%%d%éﬁW%%nif&Wéuﬁﬁ?JEFE%&%&?@ ﬁﬂ?gﬁgkﬂand

i q . . 2 . : . ) )
zstﬁg;gnalOIréﬂQ?%?ﬁ?%okzgaﬁgggﬁgﬁﬁ?ggﬁt%ﬁgg%arn%%@h?ﬁ%%%?h%ﬁ%?%%&@h M dat a.

A quantizatioregpblr 16igwantiges the orthogonal transform coefficient data
with a granularity indicated by a quantization step paranmeter 23 30

determ ned by a codimgspatiall eré@ictlilon uni®@nlionvers&e et@intiozathen
unit 18 subjects orthogonal transformcoefficient data 17 output fromthe
quanti zat¥®n umpute wideo helgnadul br sty asditcatgeney athe quanpatdtd bn
step paraneter 23. An 5 inverse orthogonal transformunit 19 subjects the
ort hogonal traHseBimichent iedi Bat datanadbjett by twakidng se puredigdtion by

the inverse quantization.unit 18. /A swtching unit 52 selects for qutput
t he tenpor al ?Wc?&f?ﬁﬁ&&% BELHRPPEIR Y hE8 HRA T o ™M P BB alilsie ani t

7 OrEiSpatimfﬁgﬁgfxfdcb gﬁhzgode determination unit 12 selects
a mode capable of coding a target macroblock most
15 efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector 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 quantizes the orthogonal
transform coefficient data with a granularity
indicated by a guantization step parameter 23

30 determined by a coding controller 22.



output fromthe spatial prediction unit 10a, in accordance with the coding
mode information 13 output fromthe coding npde determ nation unit 12. An
adder 53 adds the output signal fromthe 15 switching unit 52 to the out put
signal fromthe inverse orthogonal unit 19 so as to generate a |oca

decoded imge 21 andasi oi g diicel| qeald videcotded wpoe 2B isubhRedeane
menory 3a as the reference imge 4. 20An arithnmetic coding unit 6 subjects

coding data i ealtubPagnae botdromf veat oro bt fiheieod ndaredel 7 nbarama on 13,
an spatial prediction node 14, the orthogonal transform coefficient data 17

to entropy codifd@hsbhgs qwasftipue tdocopdind tr b6l wivih &125 gramsmi ssiidry
22 controls

buffer 24 as conpsessed video data 26. The codi ng controller

conponent s in&ﬂéﬁ?@g?ﬂa%Xdﬁhﬁnﬁ&éQR%é?ﬁ%ﬁﬁi§WQMiPaE§m?ﬁ@I 23. An
guanti zat i uRni n he inverse_ quantization unit_ 18. 30Fig. 4 shows a
confi gur ati%gn ghkvﬁjlg%ga%v%%§8goﬁage@g‘aq'ﬁﬁfé’ﬁd%rHt“ds (Eig)gist Jgfg“d:r’?‘althe
decodi ng apparg rdi fi %qpp I t t .esent

i nvention. Refe%??%ﬁﬂ§§%£iQegg%ﬂzﬁgggﬁf%%%§ic cg%gﬁg %%%F g%h%égfgﬁa to

entropy decodi Dgve r59eag dfn £ %L SoRANAPEERS | AGIUE A9 (e, fRLIQN ygCt or
5, the codi ng node info?nation 13, the spatial predictiog node 1jﬁﬂ%ﬁ§
ort hogonal coetihiidi eng . dat as &7 tatdi hlge wuant iszat sen &dep FUAMBLEH PS8, tThe

i nverse quantization unit 18
temporal predicted image 8 output from the motion

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

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

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

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

30 Fig. 4 shows a configuration showing a video



10 subjects the orthogonal coefficient data 17 and the quantization step
paraneter 23 restored by the arithnetic decoding unit 27 to inverse
guanti zation. The inverse orthogonal transfdZmunit 19 subjects the
orthogonal transformcoefficient data 17 and 15 the quantization step
paranmeter 23 thus i.nverse-quantized to inverse orthogonal transform _
The notion cofRASEinH amraratast of €4 ahbaderpbgala br dgicadiinigrage 8
using the notion vector 5 restored by the arithnetic decoding unit 27. A 20

spatial predi @GHRATGHES 108 GTLREBLIt k& shREi & L pFddi RTBY 3 HAGE 200 dnik e
decodi ng unit 27.

the spati al [ cti de 14, rest by th i t et i
Swi Lohi ng LRao €8 a0 LRVE W5t OBt dhE e { Bt Prbo dved Prmge B or

A switching u
e shall ) RHRUERES el AL 4G ) B6CO 0BG ML NEnSLEY Mo ng
e el 2P0 ] F BT PR ATOR LIRS OB on
to output a deeedsslri mBgetBe Jh@inlP mode information 13, the
spatial prediction mode 14, the orthogonal
coefficient data 17 and the quantization sfep
parameter 23. The inverse guantization unit 18
10 subjects the orthogonal coefficient data 17 and the
gquantization step parameter 23 restored by the
arithmetic decoding unit 27 to inverse quantization.
The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient‘data 17 and
15 the quantization step parameter 23 thus inverse--
quantizea 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
y 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 output from the inverse orthogonal transform |

unit 19 to the output signal from the switching

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



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 opetation according to the first
enbodi ment. First, the operation of the video coding apparatus and the

vi deo decoding,a rafus wl | out | i ned. \ (1) Qutline_of the
operat i on of HECORE: T8%ds 06 dpbarBEEed 10 A ThEATRURSRIRGE. dRurdd 1
is input in unjts,aof c | oC er | fro Vi Stk kndi vi dyal . vj deo
frame. The mott ofCedlt natioh tai 00 Br o 41 Bas S8t paRde (g8
estimates the foinan MEckRGund fQy eaeh JBEHARPCknuy Hahe reference

image 4 stored in the frang nenory 3a. The notion conpensation unit 7

constructs the tenpor adepicadi st ed i mge 18 hewedh ONgliReMObIOR he vect or
5 when the notion detection unit 2 extracts 20 the notion vector 5.

The subtraBt orofdrrédaiwes cicher dleamgprab prhedi £ied & negdb &d iment he notion
conpensation unit 7 and determ nes a difference between the input inage
signal 1 and the teAporak pridiecogry atige 8. o5 tine Fubsleaccardsngt hen

outputs the difference, the tengoral,grediction,error signal 9, to_the
codi ng node d&RRAAZYDnaGH tthe. video deqpd idgat PRIPHY 8EYE i Bhldnike 10a

refers to the iqggt vgfeo signal 1 so as to generate the spatial 30
predi ction error faﬁ 11 by naking a prediction 14

(1) Outline of the operation of the video
10 coding apparatus -

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

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

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

20 the motion vector 5.

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

25 The subtractor 51 then ocutputs 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



fromspatially neighboring areas in a given video frane. The codi ng
node determnation unit 12 selects a node capable of coding a target
macrobl ock nost 5 efficiently and outputs t codi ng node information 13 to
the arithnmetic coding unit 6, the node sel ected by the code node

determ nation 1.t 12 bei.n ne_of, ti.on_conpensation node for_codi ng
the tenporal pffblgé|}“c'gslzpo‘allfél’?’l ofyspéfﬁaqahggra”k% Brr%‘dge 16 1BrIZVEie VTR Tt he
motion vect or §rgﬁgzero and the tenporal prediction error signal 9 has a

nul | conmponent’, and ‘an intra nmode for coding the spatial prediction error

signal 11. Wen sel egié naotawfngvtxdmepe%ﬂ&ﬂn%_a@g@n tdye; e0di ngsemde- 13
determ nation unit 12 outputs fhe tenporal prediction error signal 9 to the

orthogonal transhordm unapalil@scd i@dahd hat taequs t emacodbbd.odhemost
selecting the intra node, the coding node determination unit 12 outputs the

spatial 205predf Eitdaereriyr aidgnalutidute tthee ocvhidigngalmadandfrof orozitids
as a signal that requires coding. Wien the notion prediction node is
sel ected, the bt F8ntht 81 Bt heduitpu ofdighs t Ha ifot Pon tds®i ARE®N unit 2
to the arithnetic codi uni.t. 6 25 as information that requires, coding.
Wen the i ntr& SHEECES SV edtts, SPRE | RPAE 1 St AT bhidd 131 5 oddpui
fromthe spatigl: predicti ni o the Lthnetic _codin i .as

i nformation tﬁgétlx?éqginr‘%sggo I n%?qig%)fﬁnecgr %eg%%ﬁla%]@c%}rlaﬁns Cg%m%l?ﬁtéf&%lng

e on A OB RO SEBULCAS SRUAELLOB LRS00 PO oo
outputs tihe reay tanta®d haaewé thanshermavelbicaiept sdaia Leibdeand
guanti zation unit 16.
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 1is selected,
the motion vector 5 is output from the motion
estimation unit 2 to the arithmetic coding unit 6
25 as information that requires coding. When the intra
mode is selected, the intra prediction mode 14 is
output from the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
reguires coding.

30 The orthogonal transform unit 15 receives the



The quantization unit 16 receives the orthogonal transform coefficient data
fromthe orthogonal transformunit 15 and quanti zes the orthogonal
transformcoefficient data with a 10 granulé?ity i ndi cated by the
guanti zati on paranmeter 23 determ ned by the coding controller 22. By

sant | b : |l er 22. L th | zaLlon
por a5, AP 0Pl bRt P A SRy

par amet er

ensured. Gener alelo NE Q! U u0f 1 87 HONTBL | 63ld 0 £ 0 ggggéf;fr%% In the

transm ssi on buffer or transm ssion i's exam ned er m ned

interval s so tbat Hdwogdantd Zahisoo She R A BRRLAE ¢ 33 titse adicis] £Haint
accordance with 20 the residual volune 25 of the data that remain in the

buffer. For examplheygmhed ttheanesidual cwodame c2bens ldarge, tidhergeding rate
is controlled to be | ow and, when the residual volume 25 is relatively
smal |, theScoddngntatzatdcoonundld etlét.o be high so 25 that the quality is
i nproved. The inverse quantization unit 18 receives the orthogonal
transform coef fi ci et NBad Antiirght LRA duahti A | BECEHI YEE6 BhE subj ect s

t he orthogonal %&ﬁnsfor coefficient data 17.to inverse 30 _quantization

with the grandPaFPAFIRElcdtedPHf THe RS hhdftiZati 6 ST ep 1o afbier 23.
Coof 1 e ont Oata BB LAt ba bo P RverED SR aS ISR pf PSRRI e T
quantization W¥¢hd§dPal NS $RsHINRIRA £ FEANELPE Mata with a
10 granularity indicated by the quantization parameter
23 determined by the coding controller 22.

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

15 quality 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
guantization unit 16 and subjects the orthogonal
transform coefficient data 17 to inverse

30 gquantization with the granularity indicated by the



The switching unit 52 selects for output the tenporal predicted i nage 8

out put fromthe notion conpensation unit 7 the spatial predicted inage
10 20 output fromthe spatial prediction unit 10a, in accordance with the
codi ng node information 13 output fromthe codi ng node determ nation unit

12. Wen the Qgﬂ&ﬁgimnﬂgibﬂfQﬁﬂgﬁi%%J;§mEQtha§§§ the notion prediction
node, the switching unit 52 15 selects for output the tenporal predicted
i mage 8 output fromiie MMivieans €oBRaNsaioda UNtrahs Mbem theieodigng node
information 13 indicates the intra node, the switching unit 52 selects for
out put the sp&atylalepredi thed oimslye g2t @lt puta ¢ Howrtthe: s p&tfi it i 20 tprédicat i on
unit 10a. The adder 53 adds the output signal fromthe switching unit 52 to
the output sigiildEFERY neOi AVEreEser t1ogbitalz 2 Eansf dryn Ghia 10verss to
generate the Ioc%htx decoded i mage_21. The locally 25 decoded_inmage 21 is
he ¥4% ﬁgiﬁ?HSEQ% t & r%e? er-BV- § Ragd U620 be used for

stored in
The arithnmetic coding

noti on predi cty bsequent franes.
unit 6 subjecﬁg%gg%?ﬁé%gata i ncluding the notion vector 5, the codi ng node

30 i nformtion 13, bhe spat v SR ECkGY onsPE 1A (AT ddecrd hogRna

transform coefficient data ntropy coding according to s
descri bed | at erengisl a0t PSS L be LPAiRG § €58l oWt pulther AR SShdt Dok er
24 as the conpressed video data 26. 5(2) Qutline of the operation of the
vi deo 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
ocutput from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
20 prediction unit 10a.

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

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

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

30 information 13, the spatial prediction mode 14 and



decodi ng appar at us The arithnetic decoding unit 27 receives the
conpressed video data 26 fromthe video cod%gg appar atus and subjects the
received data to entropy 10 decodi ng described later, so as to restore the
notion vector 5, the coding node information 13, the spatial prediction

mode 14, the okhkogonaholdnsi onp £08%d Gh enb def f-1eandibhe quantdzation
step paraneter 23. 15The I nverse quantization unit 18 subjects the

ort hogonal tr aasftaropgoefidd Thgnt cdtod adlinh @ndot het gyantdedt rab sdiepater
paranmeter 23 restored by the arithnmetic decoding unit to inverse

quanti zation. Fhd iawepsd sorthegorad i nganse snhtuny Lal® Istibf ectrss AA stehieon
orthogonal transformcoefficient data 17 and the quantization step
paraneter 23 tRUEfigw e de-afuabbez P mp et de okdaogeitat ednsf orm
When t he cgding node | ion 13 restored by the arithnetic decodi ng

. . e Lof ormaﬁt_ . . .
unit 27 indicates the?25 %ttt dRSI2i ENBNOREIATLRB ot i BR SconpERSati on

unit 7 restore 1 ral_predicted i nage 8 using the notion vector 5
restored by tﬁgeggﬁfﬁﬁnggEﬁgg% Fﬁb unit 27. When t he coding

mode [ nf ormation 13 g8t Aotk #Helts ¢ GG ggg,;!&nfﬂ%%di et ivel tne

indicates the 18 intra node, the spatia iction unit restores the

spatial predi cdefprEgeed0 wisddg e 8Patd af rBiE kb Qi d®@de g ggt ored by
the arithnetic decoding unit 27. 5A difference between the spati al

prediction unidpp8aadfus hand deabgaest g appar aletse Anddt hkaspati@l entropy

prediction unit 10b of the video decoding apparatus is that, while the

spatial predi deendimg deadsikeapgabl @tefr pesboras nyoa wrepoafe nobe
motion vector 5, the coding mode information 13,
the spatial prediction mode 14, the orthogonal
transform coefficient data 17 and the guantization
step parameter 23.

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

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

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

25 motion prediction mode, the motion compensation
unit 7 restores the temporal predicted image B8
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



10 efficiently identifying the spatial prediction node 14 froma variety of
avai l abl e spatial prediction nodes, the spatial prediction unit 10b is
limted to generating the spatial predicted 18mage 20 fromthe spati al

predi ction node 14 that is given. 15The switching unit 54 selects the
tenporal predicted inmage 8 restored by the notion conpensation unit 7 or
the spatial pré8itdtedmafge Zhg e8periedaby nheddtian preditctl ®b unit 10b,
in accordance with the coding node informatjon 13 20 restored by the
arithrmetic dechb8FfPEASt e FRAEMAChPREUNT Eesk iR DulPutsSimpg the
sel ected image_tq.the.adder .55 .as the predicied i e. The adder 55,

recei ving the %Pg&’c?%d B h%da S b ﬁb‘?‘gﬁﬁ' ¢ iﬁ&sdm;f?’fe§4, Bdds? Ehe

predi cted 25i t r edi.ct § erroksi | output fromthe inverse

or t hogonal trg%%?%ﬁﬁ?%ﬁﬁfpfgggg”%gﬁgol%@%%i%P?he decoded i mage 21. The

decoded i mgge 21 is gtgriefr bR dii€el HRIByeen Hﬁ@ﬂfé'pi*edilsﬂgﬁéé’d!ig:ﬁmcggnto

generate predicted 30 inages for subsequent franes. ence
19 the frame nempti €so3acande Bl aPRdiest Scbailhe diff £Fanaes bahweepnthe
vi deo codi ng apparatus and the video decodi ng apparatus respectively
hosting the mewatdsalSp)eddicthineti acodi n@tandfdecedi Rideo decoding
| apparatus is that, while the spatial prediction
unit 10a is capable of performing a step of most

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

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

20 restored by the arithmetic decoding unit 27. The
switching unit 54 then outputs the selected—image
to the éddér 55 as the predicted image.

The adder 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 so as to
obtain the decoded image 21.

The decoded image 21 is stored in the frame
memory 3b so as to be used to generate predicted

30 images for subsequent frames. A difference between



A detail ed description will now be given of arithnmetic coding and decodi ng
according to the features of the present invention. A coding process is
performed by the arithmetic coding unit 6 o¥9Fig. 10 3 and a decodi ng
process is performed by the arithnmetic decoding unit 27 of Fig. 4.

Fig. 5 sh t ti f_th ithneti ding.unit 6 of .Fig. 3.
eferring to FOC X408 HIRRFEERe TOAPAL unPt EoROHB et a Uhht ext model

Referring to

it ao M Pl e 2 B ANBEZ AREN dhEo2 R A RLONAR A LR GETEIRL, O

unit 30, a coding uni and a transm'ssi’on unit ration unit 35.

context nodel @'ﬁéeﬂr'ﬂd@éig%dﬁ‘&in@_%ﬁbﬁrﬁﬂi‘ﬁ§ & &oprexti vodel Hslesardped
| ater) defined for each of 20 individual types of coding data including the

notion vector thet hemg®dieg ode i nformation 13, the spatial prediction
node 14 and the orthogonal transformcoefficient data 17. The binarization

unit 29 cofiverts nul{3 ) enelidamatiinc acooridagcand t He2® dibgnari zati on rul e

determ ned for each of types of coding data. The probability generation
unit 30 assigns a probdgitikiiledf deseEdi@tckosf Wi har palkes I er Difor

i ndi vi dual bi nar ﬁe uences after binarizatign. The codi un%ﬁ 31.execut es
30 arithmeti cac’bé: §aked CHAERE FHbBafiasq @ itlis? © 56 Tgehtd attdl. Thfe

Lrans ss1 on Wi 9eer SO S LG oL GR e BTSN PEraces
ooy T ko B 54T SRS et L NALS hae v precpzes
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 c¢oding based on the probability thus



1) Context node determ nation process (step ST1l). A context nodel

is a

nodel that defines 10 dependence of probabil |ty of occurrence of data

synbol s on information that causes variatiof®in the probability. By
swi tching between probability states in accordance with the dependence,

it

i bstrates o GOLEpR VS conficit BRER L Py 8 Bt Br RERT R ymbt 3

illustrates a

d. Opt f d hat
assuned. Op IO&%cPléa%})ég ﬁeéetﬂﬁlﬁ &n %%@mﬁfg}%@ﬁ%ﬁ?gggpﬁ%& a

the probability state

data syrmbols to

changes dependisih@wndt b coORdiptdred! A nd dee raPdiie ascardiang to the first

enbodi nent, the value for ctx is switched from one

to another in

accordance wi t boirdt i depgeintgnae t25a heieesnioadi wgidatat f ohen ginMemg .

macr obl ock and codi ng data for a nei ghbori ng nmacrobl ock.

Fig. 8 illustrates

an exanpl e of contex¥igode$ fisr a fdowsrhaedt ovhowian exprpiaebeiemy t aken

from D.

Marpe et al. "Video Conpression Using Context-Based 30

Adapti ve AchHﬁF@P?EBﬁmPY Edeerphitdidet iz coding unit 6 of Fig. 5.

10

i5
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l) Context mode determination process (step
ST1).

A context model is a model that defines
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
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
which ctx is applied changes depending on the
condition.

In video coding according to the first
embodiment, the value for ctx is switched from one
to another in accordance with interdependence
between coding data for a given macroblock and
coding data for a neighboring macroblock.

Fig. 8 illustrates an example of context model
for a motion vector, the example being taken from D.
Marpe et al. "“Video Compression Using Context-Based

Adaptive Arithmetic Coding", International



Conference on | mage Processing 2001. The context nodel here is relevant to
a notion vector in a macroblock. Referring to Fig. 8, for coding of a
notion 5 vector for block C, a notion vectof prediction error nvdk(c), a

di fference between the notion vector for block C and a prediction thereof
cont e

f It ti ' . ded. _ct d.C, k), . I C t
o S onpet EbnSLAIRRES oo BRURE, BB TE G o PP RE RRRRE
and m/dk(B) 1 ngbaaliesy 8-t ONLAGLPL nRr G CLT Gl E1HOF §8E1R0Ckn B, mvdk(A)
and nvdk(B) are used to define an eval Uated value ek C) evaluated for

swi t chi ng bet wegn ref 8%tk nmdel s. 15The eval uated val ue ek(C) indicates a
variation in notion vectors in the neighbors. CGenerally, if ek(C is snall
mvdk(C) wi || have a Baflelrmhggi ttuder ibf. ek{ COfds tadgengi b fl sa moe 1dkel y
that mvdk(C) will have a | arge magnitude. 20Accordingly, the probability of
occurrence>of &§abols farmik¢Ck shouadnisesiobe etz edrieasiestt bnrek(C). A

context nodel is one of @redefined sets of variations of grobabi[ity
estimate. In tPFECLatVAEH&T br are dhf EELRRT Gt Lot YBEN oF NEr dHABLPIYy 25

i : i from jon v r nt ex I
estimate. As d\reec£8r tPgrrT%tigck eCCtE?na %0 égetdinggiosn thereof from

its spatial neighbors, is coded. ctx mvd(C, k)
indicates a context model.

10 mvdk (A) indicates a motion vector prediction
error for block A and mvdk(B) indicates a motion
vector prediction error for block B. mvdk{A) and
mvdk(B) are used to define an evaluated value ek(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 1is 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 orthogonal transform coefficient data 17.

30 The context models are shared by the arithmetic



are defined for coding data including the coding node information 13, the
spatial prediction node 14 and the orthogon transform coefficient data
17. 30 The context nodels are shared by thet4arithnetic 22 coding unit ,6
of the video coding apparatus and the arithnetic decoding unit 27 of the

v dep decod nacgRBtel g The AL Elo SRSl IADR0 A0, ML, 2008l UTEe

arithmetic coding u . 5 selects a n for .
coding data = aritnniet e6! IhBeolisay Anfam oxy Wetheaxpiﬁgﬁb'd%é%gﬁ%{ ngge

variation is described as a proba ity generation process in 3
Bi nari zation sippafsitepsST2)hdO0&km€odinth e d icetdiiethaBi® @ PhRY Vo g
sequence by the binarization unit 29 so that a context nodel is applied to
each bin (bina#¥ tbeatdonklofethe bivdinpgamueénces dlie Fige HBorselects a
binarization is in_accordance with the general 15 distribution of values of
t he codi ng®dat®Pdalyale hbned efigtth di hxpe sefjussckingsyata.By coding each
bin instead of directly subjecting the multilevel coding data to arithnetic
coding, the nunmber &FEHEG %HS(#%%mpﬁo&ﬂﬁFPﬁ$lmﬁéq 1 28 Rekad sbithat
conputation is sipplified. Thu bi narization.has,a nerit of . si i,fying a
context. model £33 TBRdnYPESAGARE A5 ofl S5t oRLDEY ot Bp ST OREBESSH { Yo

t he processes g@n@ggtzi%ogb%\{t%cé? Goi rl_,ég'g#(?g Qf the multilevel g(r)rg: gged

data and the setting o ont ext nodel d"%t0 each bin are c
The bins are now ready 9h00LR% i HACHLEQNt Xk JPd8lrayncl udes variations

gi ving an

10 The coding data is turned into a binary
sequence by the binarization unit 2% so that a
context model is applied to each bin (binary
location) of the binary sequence. The rule for
binarization is in accordance with the general

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

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

3) Probability generation process (step S5T3)
As a result of the processes 1) and 2) above,

25 binarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an
estimate of the probability for 0/1. The

30 probability generation unit 30 refers to the



estimate of the probability for 0/1. The 30 probability generation unit 30
refers to the 23 context nodel determned LR step ST1 so as to generate
the probability of occurrence of 0/1 in each bin. Fig. 8 shows an exanpl e
of the evaluated value 5 ek(C) for selection of the probability. The

probability gerenatéon wide3O0 Jfeterminesqat he eyakyatedvalde, gugh, as ek(Q
shown in Fig. 8 for selection of the probability. The probability
det er i nati on urirte B@taccohdi potybexdrl Neg oFt i ®8& ukdr axaid abkeoi/n t g
context nodel referred to and determ nes which variation of probability
estimate is toed&uskednf.or 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 neBé§sary FAYC@S| Ame? X emedd: ng fi < et eévid heatadl value
identifiedfpn a prbagilit¥ iine.,Accordinﬁly, t he coﬂing unit 31 perforns
arithmetic codPhd S H8Scri Be& i + ANr Orfer blife RO PRE ¥ ki k¥ed BRE (step
into the, probability

STh). ZoThe acbg%j-a%cl)_gﬁé@% egtggr?geir%}Qig{lca%?i%?rcfefgf %%%efg‘l&%t tG:‘E‘eto updat e

generation uni

LD Lo UaGEDl e RS, i (DR (O ShyROeh, Weed, (35, P
coded using a yalieatd DonOfo Pr ehabI by /5L 1 FRYEL, i Dhad G ¥EBaPNt eXly nodel
t he frequency of occurrence of 0/1 under that variation

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
frequency of occurrence of 0/1 under that variation

of probability estimate is 0.25, 0.75. When 1 is

30 subsequently coded using the same variation of



of probability estimate is 0.25, 0.75. Wien 1 is 30 subsequently coded
using the sane variation of 24 probability estinmate, the frequency of
occurrence of 1 is updated so that the prob %ility of occurrence of 0/1 is
updated to 0.247, 0.752. According to this nmechanism efficient coding 5

dapted to th t . Pt bil Lt [ i bLe. A
arChieti ¢ codB oY HehEl SRadt By HHECB6d Tk bt € 1o Ao ¢ he SR RE WS 32

arithnetic cod

(0 or 1) is fedstq the aga%a_sis% PRt g@ﬂsri)tﬂoo@awﬁiég and 10

mul ti pl exed into data constituting a transm ssiron unit "as descri bed in 6)
bel ow (step STéfcurrenceAdiet gymi naki qihd St BRde Asgt @ ahet herydhe entirety
of a binary sequence (bins) of the coding data has been coded (step ST7).

| f the coding hasol&iwg heentkaompleseda b, olef Siedtdr ed ddigyep 5T3,
where probability generation for each bin and subsequent steps are
performed. 31 f adapsatetepnitdeel akdtuabe poodhal ifriccess f socompt eéad.e ais
transm ssion unit generation process described 20 bel ow is perforned.

5) Transnissioﬂoﬁﬁ%¢”d%neration process (steps ST8-ST9) Arithmetic

coding turns a plurality of .sequences of coding data into a single
codlewc(‘?)rd%J ASZS gpgcia‘héf% %5&5%@% '%ngpﬁiﬁ %ﬁloﬂl %’éa(f;:%nbﬁ’osf:ﬁh i GO R gnal
is that a dec i ul e c ed in,_ uni,t fra s.o_ t hat

frame nenory ﬁgl?gﬁdgﬁggfégﬁi stdt?g t?eéc(gﬁég ad%/tl:%egzzi g&.af”i rsnfihafr%c?&di gte%l by

Inr:)t: on pr edi ctipa ReuesRi bsa®s 3 £yl ARs DY 2R di spkay,Jherefore,
10 multiplexed into data constituting a transmission
unit as described in 6) below (step ST6).

A determination is made as to whether the
entirety of a binary sequence (bins) of the coding
data has been coded (step S$T7). If the coding has

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

20 below is performed.

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

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

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

characterized by motion prediction between frames

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



25 necessary to identify a boundary between franmes in arithnetically
conpressed data. For the purpose of nultipgﬁging with other nmedia data such
as voice/audio and for the purpose of pack 5 transm ssi on, the conpressed
data for transm ssion may have to be partitioned into units smaller than a
frame. An exanplgoQf ra il n ct r.oduced
by grouping a p%uraf%%gpog ng§?§ Lti ﬁnQ$gg?%é%- a%ggp§ cH fé%%n@s‘%

illustrates a shie®nsdUEhUrSy, compreés@fraalt%ck wére@ﬁécb%ﬁxs%otafd
lines. CGenerally, a slice structure is used as a unit for resSynchronization

in decoding. Imattiypieaknexampte, sthee gataiar eldmppedi®npt @sa payl oad of

a | P 15 transport packet. For real-tinme IP transm ssion of nedia data such

as video whi ctve scedlamdiel yaridsg ool ehantpwt posanset s giconk dél ays,

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

stanmp attathed ¥dnFislsehdar, 2ohporadmpres s ed @a@t@f@pmuﬂé@mlb@mped
payl oad portion for transm ssion. For exanple, Kikuchii et al. "RTP

onto a
Payl oad For mat®%6r "RFEG 4o AkS oP%’nréh’a?lgtnreé%m%ntq?li@é@fG #Bedr &8s taan

nmet hod for na EG 4 compressed vi.deg data ont.q 25 an RTP payl oad
o i ts ot VAR 9B R B ek o ik Pt LB AIHTDL &P o2
UDP packets, SQijngceeU QR%E ret t.he_ent of
slice data may notereggclﬂ@@%gecod?%g égpdpaﬁrgt QIPO p&gcﬁe{ﬁ]{%g%)é ccou]Fs.

I'f the codingma@¥roblocks 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
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header

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

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

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

30 apparatus when a packet loss occurs. If the coding



of subsequent slice data is conditioned on information of the discarded
slice, appropriate decoding is not possibleﬁgven if the subsequent slice
data arrive at the decoding apparatus 5 norfidlly. For this reason, it is
necessary to ensure that any given slice is properly decoded in its

entirety mﬁthoghfr§égg%kﬂgbég %g%%%gaﬁ%ﬁ§QEEQFn§8hd§f{ig§?%ph§n it should

be ensured that "Slice out “dsi hg rnformation of

macr obl ocks | ogated-hA+Sld cec? %Q‘P%/edq\rscc‘é;lra%cf' beliow L ApPrL Qriab € o

i nprovenent of arithnmetic coding efficiency, however, | desira

adapt the probakiddd¥nef iafcubrenses afisyabehse i 0 surtpaingdiis dgueandi tions
or to maintain the process of dividing a probability line. To code Slice 4
and Slice 5 i ndépersledttaf @®achvat het, tfloe dxanplénga apphsteruwal ue
representing a codeword of arithnetic coding are not naintai ned when
arithneticScodrRgmoflifie 20 |l ast macroblock in Slice 4 is conpleted. For

Slice 5 the register is reset to an initial state so that coding is
restarted. In this wWaQX i%Ri8 FRHESMLI elt o idkphBFESEAF Bl 41T oRDHEE Cexi t s

bet ween t he enﬁ o% Slice 4 and tgf.head of Slice iS r sulgin in atlomer
coding ef fici ehB§t T, 9 HeRePdi* pFacts cRIPR G heYadG GRdest hle 1t5

mproved i thoneade e ¥ et 3 ¢ K8 Agyt, Ak HREkS Y eRdEe S

transm ssi on uRbl GBRERBNION PRI Py 17 BECRH WEeHO dhef ig st cembpd gent

provi des a nethod and an apparatus for 1 nproving the adaptability of the

desi gn. Moe spedefd oaithouvhergitM® information of macroblocks
located in Slice 3 above or Slice 4 below.

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

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

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

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

decrease 1in the coding efficiency.

30 The transmission unit generation unit 35



possibility of loss of slice data due to 5 transm ssion errors is extrenely

| ow, i nterdependence between slices is not d@sregarded but is fully
expl oi t ed. When the possibility of |05s of slice data is hi gh
i nt erdependence between slices nay be 10 disregarded so that the coding

efficiency is i Ve ontrolled in,unit.s_qf. s, SSi

transm ssi on u%??eég%%¢ét&6% Eﬁ?tq%%r%gcof@?%g1@%£$ﬁeg¥$$£?&gﬁb6%iﬁgh od
receives a tra 1 S§ O [ [ [ i t ;

transm ssi on uﬂ??T%T éy??gﬁﬁﬁgggigﬁﬁ%n??mﬁgg?ghéfﬁéﬁgsFgﬁ% Bg%égggggﬁd?%ed

as a control sigBaliddighe wisee G Adrappar abys.wibe e rigmen ssion unit
generation unit 35 generates transm ssion units by partitioning the
codeword of 20ptheidrilhnwtict cbdeB33orfecd ved fdatat Hmeartdhneti c codi ng
unit 31 in accordance with the timng of the input of the transm ssion unit
desi gnati oh siynahssde.s dboa sperphiscalby extheemedignlosion unit 25
generation unit 35 nmultiplexes the arithnetic code, 33 derived fromthe

codi ng data 32-REREERBANARNGE oPSWE ERatS LbASS t1f eNHe ¢+8FGH 2EHGH uni t

(step ST6). The fransmi ssion uni eneration unit 35 determ nes whet her
codi ng of datgﬂf%rl§0q%hih§b”5%R C%ﬂh?dfit into a transmission unit has 28

b leted, b i t L oLk 1 SSi Lt i gnati i 36
(Step ST8) - wnen T 1 HLERG L BokE B ERAND POLPA dBb! SR 93% AT OnRs
transni ssi on i §nhas 1ok rbRATk FAEHEL e 1590510l Bi b8 & GayNed to Step ST1

so that the determ nation of "a context nodel and subsequent™ steps are
performedi0 disregarded so that the coding efficiency is
adaptively controlled in units of transmission.
The transmission unit generation unit 35
according to the first embodiment receives a
transmission unit designation signal 36 at the end
15 of a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the video coding apparatus. The
transmission unit 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 35 multiplexes the arithmetic code
33 derived from the coding data 32 sequentially
into bits that constitute the transmission unit
(step ST6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has



When it is determned that the coding to build the entirety of a

transm ssion unit is conplete, 10 the transm ssion unit generation unit 35

constructs a header for the subsequent transSTission unit as described bel ow
(step ST9). 1. The unit 35 provides a register reset flag indicating

whet her a1 egi gle, vabig: Lgh 18, desianaten a B oball 1L by plines o 1o

segnent ati on status, h-ar C coding process for

representati ongnghoul @she L6880 %i?ﬁat&ﬁéége I rsbfé;g;%w) Unighyed N1ENE; g

initially generated transm ssion uni [ reset flag 1s set 20 to
indicate that dbeeggiater hadl ¢deingsalo build tBe Toettmidt ¥5opr oyi des
an initial register value, which indicates a register value to be used to
start arithnettraosth hgsdeqoding tt dhdai Ind/tdebermposeotilpd etegtl ,t ramsmirssl on
unit, only 25 when the register reset flag indicates that the register
shoul d not 5be ¥@s&ctysnerovikei AtRig. STHe S&i tihalt rbfiestdetegimienpg ion
provided as an initial register value 34 fed fromthe coding unit 31 to the
transmissi on Uhft dg&iRRrberdn BAfe 3R ngdomypPs edusPhsSHERE 0%t stream
generated by 29 the arithnmetic coding unit 6. As shown in Fig. 10, slide
header data fd?eﬁgﬁﬁ?ﬁ%géd video slice data includes a slice start code,

the register reset fypg,descrifedidferl'ined that the coding to build
the entirety of a transmission unit is complete,
100 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 value to be used
to start arithmetic coding/decoding to
build/decompose the next transmission unit, only

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

30 Fig. 10 illustrates a bit stream generated by



5 above, the initial register value nultiplexed into the bit streamonly
when the register reset flag indicates that.,the register should not be

reset. Wth the added information descri bed above, slice-to-slice
continuity for arithnetic coding is 10 maintai ned even when | oss of the

preceding Sl i Cenec st nile t3LnG ddiengeglpi er g eset flag and the initial
regi ster value included in the current slice header data. Accordingly, the

coding efficiency isapreussyad iff omigecond Ng d 100 e 1% Hd 10 Shoys fidwe slice
header data and the conpressed video slice data being multiplexed into the
sane bit strearomplrtes setd velgpoass Bhown datBi gindludee sl isdei headara gat a
may be carried in a separate bit streamfor offline transm ssion and 20 the
conpr essed vi d@48li cleh Batee grag tisaw ex gstedchéd ached e8¢ 1 Do Af drmat L6n

11, the

referring %o t he corresRondjng slice header data._Referring to Fig._
streamis tra V€ed FREackdtfdice WeEH SHET| ¥ Pl BEodt L L TiRd Seader: HaPa
is transmtte 5 usi,ng JCP/IP that provides . relatively high reliability.
08 B3 Do KTAR R, it PPBEcE g pr iR D cha St Bhinba by

The conpresse

small detays. dduaecardana (iR de SgRYALE shouild ANSH $Y qfegeherm® of

Fig. 11 for transm ssion of header S“an ransm ssion units,
transmtted using R AP ngedi &9t ihe PRkt ORedddepitldLeshove, ;Be

of slices basically requires resetting of interdependence (context nodel
bet ween a vi ded bcegnatsfidrc@ gioveni slhiiasy afd 1Si ghakh ot irei hdOhigngi s
areas to ensure that decoding for a

10 maintained even when loss of the preceding slice
occurs, 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 Fig.
11, the slice header data may be carried in a |
separate bit stream for offline transmission and

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

25 using TCP/IP that provides relatively high
reliability. The compressed video data is
transmitted using RTP/UDP/IP characterized by small
delays. In accordance with the separate

transmission scheme of Fig. 11 for transmission of

30 headers and transmission units, the data



slice can be resuned i ndependent of the other slices. This will bring about
a drop in video coding efficiency. 100nce i{,is ensured, however, that the
initial register status is transmtted over %CP/IP, as shown in Fig. 11,

vi deo signals may be coded by fully exploiting the avail abl e context nodel s

in a frame. RegyhihaiiiEiddngEi6d) | Xreodash data mayqbede partitioned for
transm ssion prior to RTP packetization. According to this separate

transm ssi on sphend,t ibadd uihtof @ritkmeti c codi ng processes is
consistently obtained wi thout being affected by the conditions occurring in
a circuit. 20 Therefse, of bsll istesamasrictatdd wreheutr ¢ he reonst tding sodf
the slice structure can be transmtted, while ensuring a relatively high
degree of resilPEREéepeadrae |(f antaternadiadk) apsitosR s Fowhli AR oFi g.

12, a 25 | ayer_abov be used to indicate whether syptax conpri sing
the regi stgr r%%gf‘aﬁ ;gxéndit‘ﬁévierﬂt? -GS g Bfer® Y41 E 915995 be used. Fig.

compri &1 ng 1 heseari Rt bRz, ahdeaRt S8 I Prar SR TRELE i s 1o

conprising the register™r ag and regl s

be used, bei ngslzg.éer'leéﬁpﬂ)@(gg%k;&%& Eﬁ%eﬁ@?@e@f oTﬁleviOq_eﬁ)eI?equence

conprising a plurality of vi rames. or exanple, when i1t is
determ ned thai1isesCi rediils ghalint ot $nkowwsdd istable o dea ¥ fda@psm ssion
may be possible by consistently resetting registers throughout a video
sequence, the aedisgeref fdetienoyr.ol flag is set to indicate that the
register is always reset at the head of a slice throughout the video
sequence.l¥n this céyegel10 t hesr egisueed eshowidagrand-hat iviiei abirtegadt er

val ue need not be nmultiplexed on a slice-by-slice |Ievel. B¥ controlling
regi ster resetifhys68%a §rddgis 1s transmitted over TC /1P, as

shown in Fig. 11, video signals may be coded by
fully exploiting the available context models in a
frame. Resultant arithmetically coded data may be
15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes 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 value is to be used, being



sequence | evel, overhead information otherwise 15 transmtted for each
slice is reduced in size when, for exanple, a specified circuit condition
(for exanple, a specified error rate in a’ ircuit) persists. The register
reset control flag may of course be attached to a header of any desired

video 20 frame, (M fiapeg NALD ) Ale)ald) & Ve, sgaNence. yiqeo Fig. 13

shows an interna nstruction of e arithne ecodi ng un of Fig.

4. _ ~The g&qtbprtd Cc@%&?@i@&n&j’“ & %lu%@i‘t?esoﬁ Viea §5¢ ORe NIt
decoding initialization unit 37, 25 a context nodel determ nation unit 28,
a binarization unit f29¢ axprepabi,l idyegena al o et mIth @ad tay glecedieng
unit 38. The transm ssion unit decoding initialization unit 37 initializes,
for a transm gsionudni tguedeitvedisan awi bkt s taddondirigie® process, based
on added information related to an 32 arithmetic coding and included in a
header. The cdiiakéNdsdel cdet®r Vi b4t i BASEditl @8byden® nBilgst eR& ype of
data, i.e. identifying whether the notion vector 5, the codi ng node

i nformation 13§ RELE NG F A1 HFEAIStE BRONGIPUE & YHESH tFE ce,
transform coeffjcient .data_17 is to be restor by decodi.ng, sa as.to
deterni ne a cé:r{}eexfeﬁoldge ?rsﬁa?%ﬁttbf?ﬂ t ideﬁf’@@}d/ilr@ Eﬁ&arfé?us“h%ﬁcfiﬁg

vi deo decodi n a S r i;dent 4 £, t T NE L1 Lnarj.zatiaon _unit
29 generates gj%?ﬁaﬁﬁggt¥% qfﬂ%%fdégfn%%aﬁgg5t%ggfaéngffﬁggédgg%ﬁﬁng?dgta
type. The prokaghidét ¥ haenghaldPh Whid B9d8lvesefhemeababihi tniof case,

occurrence of each bin (0 or 1) in accordance wth the binarization rule
and the 10 the register reset flag and the initial register
value need not be multiplexed on a slice-by-slice
level.
By controlling register resetting on a video
sequence level, overhead information otherwise
15 +transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+1th 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 conprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38. The transmission unit
decoding initialization unit 37 initializes, for a
transmission unit received, an arithmetic decoding

30 process, based on added information related to an



15 context nodel. The decoding unit 38 perforns arithnetic decodi ng based
on the probability thus generated so as to restore the notion vector 5, the
codi ng node information 13, the spatial pre@fction node 14 and the

ort hogonal transform coefficient 20 data 17 in accordance with the binary

sequence resulting fromarithnetic decodi ng.and the binarization rule.
Fig. 14 is a f?B#HH?"?'Céﬁoﬁ%‘alé‘gpr%ﬁéss“ﬁ&?@te@edlﬁyat hee afiethmelite

i Cial 1 zat] o BRI Pefey ctegerniRact SHATEELUA o' T ettt B o ne
ni ti al izat] or” BPOEESS TEPey stegyennre cory n#FE y
s started, basthCor T raareg ster T okREn Sty 149 ahee P nei G ot er

val ue 34 mul tipbexed inf oreachcbnsg aeidd YRkl SHER 1@ 218/,1 cenkstep
ST10), the register reset flag desighating whether the register val ue

i ndi cating5t hespattilwietp € ecldidt P on PSS! 4 Soke3eh eOlo MOk o gWhieN1 t he
register value is reset, the initial register value 34 is not used.

7) Context nodefadeétferm: navieohf podeests, deitnar il Zationtpr decessesmtdored by
probability generation process 10These processes are performed by the
context nodel HREAHNHLi BR et t28 dehemthaei Zat¢ontawt P9, t he
probability generati.on unit 30 shown in Fig. 13. These processes are

i dentified as SHI2PEISPY s¥he redf&ed i $RALTY n@ PRE ¥ blicha Rarfd ¢ h¥ igso
description t f;.ls omtted since Lhey . are siyjmlar to the conte nodel
detmwﬁnation%ﬁ%@gég%ﬂippﬁﬁﬁfFﬁﬂi% rﬂéb%régﬁggif}%%egﬁﬁﬁﬂi?éﬁcm
process SI@ i i §-1; h C o] il ner a
process gT(g |g§m?%il§ %ﬁogoq}rﬁgep%ﬁeéén%w?kgt%hg v?gg{oa%%%ia%ggg%pgrugt%us.
8) Arithneticqescpdery f5oCese ($SHRMOTEled decodDEgPIPPERI lyyeof The

occurrence of bin to be restored is identified through the processes 1)-7).
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.
Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of 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



The decoding unit 38 restores the value of bin 25(step 5T11), in accordance
with the arithnmetic decodi ng process described with reference to the

related art. In a sinmilar configuration as ##e 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)..34 T decodi.ng unit 38
Purther o T h et A n g R T adt Gt B eTo Al iy 7T WA RE & S

series pattern,defined the hinarization rule ep ST12).. 51 f the val ue
of bin Pest or eJdnlgg_ neo?cggr?ﬁ?%a”a%? éof’_eslb?tl%ofs l%%lr%rp%rsl s&on)sv% _%et Hgse%?%ary
series patter “sf'?fogn,?dtﬂ)é tﬁ@g?%%ﬁé‘# zadony 1 g}leag thE sAIPESsS d deptidd gdras

step 5T3 for generating the p ity for 1 of each bin and the

subsequent 10 {precessessakesd Peaflardredntioic at seconeh &i BE: { shanst 8&3.cadidg
ST5, ST12). | f the value of bin restored is confirnmed by

successful by nmatobiengs | 1 swirtds £he dut nacyt sewhes pah éenregéebitreed by lihe is
bi narization rule, the data 15 indicated by the matching pattern are out put
as the restoretedata. thet igrdedadi ngegs. stoe rcorpl eee 3fbr L8hd @ht sk § . of
transm ssion unit such as a slice (step ST13), the context nodel

det er i nati on procesk) of odktepx ETMHRE 1t ke saBFRR AL Ot cBESSRES0 are
performed repeatedly until the entirety of transm ssi,on unit is_ decoded.
As has been d ??Eéfa5&8&wﬁﬁﬁﬁﬁ??héw4rBFOQ#Eﬁf ,IFOE 1 P 4i$H ssi on
of cmnnessedﬁggggss
10 These processes are performed by the context
model determination unit 28, the binarization unit
29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as steps
ST1-ST3, respectively, in the flowchart and the
15 description thereof is omitted since they are
similar to the context model determination process
STl identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as
20 the process 3) in the video coding apparatus.
8) Arithmetic decoding process (step ST11)
The probability of occurrence of bin to be
restored is identified through the processes 1)-7).
The decoding unit 38 restores the value of bin
25 (step ST1l), 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 5T5).



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 the34egister value indicating the

arithmetic coding process is reset or not. Accordingly, it is 30 possible
of the arithpetic

to perform codj ithout losing the 35 continuity,
i PR deGon hG Gorth Eherdy T8Nt T2 LRAS o PRe YRLRE diee

codi ng process:
to transm ssion;errors, is_ijmproved. Decoding. pf r.esultant. s |s.also
possi bl e. 5l nok?fﬁg fiv% Ogﬁﬁigg:f}freﬁp,mpaagilin@e 1S _rﬁ"cetu _eai %D_lalggggeoé éls:laeS
transmssion Yohteodid & BRLINAL Yyt N, B 23601 5 REANT AN vlPr 84 &p
applicable to a configuration in ich avideo frane Is a transm ssi on
unit. 10 Secorgirephqdi nrent An alternative configuration of the arithnetic
coding unit 6 and the arithnetic decoding unit 27 according to the second
enbodi nent5wi || nowlne dhedascribeds f | bitrher setante &micedi ment ,cowf iamedt he
as a result of comparison with the binary series
pattern defined by the binarization rule, the
process identified as step ST3 for generating the
probability for 0/1 of each bin and the subsequent
10 processes are performed for a second time (steps

sT3, ST11, STS5, 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 ST1 and the subsequent processes

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

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

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

30 possible to perform coding without losing the



regi ster value indicating the status of a codeword fromthe arithnetic
codi ng process but also the status of l|earning of a variation of
probability estimate in a context nodel is tiplexed into the 20 slice
header. The status of |earning occurs in the probability generation unit 30

as the unit updafes;his £Fobabil}Ly of; PRRWY S0CE Af; £RCRAID, JEor grampl e,

referring to Fig. 8 i irst enbodi firent’,” Th oOr oI nmprove t

arithmetic 25 coshpagefdf £ien@nder i gk i Gt 4 pheymatypRi1en £he notion
vector for block B above block Ci1s exploited to determne a variation of
probability estiewmtidieAacor diondlyankin it 9eknlC engddocksBiaterbeeated in
difference slices, the information on 30 bl ock B should be prevented from
bei ng used to D3 @ét.amniné trles plbbadi |codesf becwlsnceosEiblreans that
t he coding efficienc& is lowered in a design where the probability of
occurrence 3s adapti ¥&@ yt et &imsied edh ad inamwht e Sliv@elstructure is
Accordingly, the second enbodi nent gnovides a nethod and an apparatus for

i nproving the S8GHRBA A% of HERN FBLiSFhi O *hd dlli-ndP Bk Br&ddntyedit h Hhiech
the t 1 SSi L is 10 _adapti vel t.rol | h that th
SITce- 01 | cell B NepaUEnaE AT r BEpEed B ol | ERWELT = B0 ooi & be
di sregarded bubofid{yu®sR! £6hed 1 NyA 12886, Marfe h%.lpc{lggagié ity of lOSiSOf

slice data due to transmssion errors i's extrenely Tow and the slice-
to-slice interdepensdenee iy fe idi sregarded in a case where the probability

of loss of slice data is high.

10

Second embodiment
An alternative configuration of the arithmetic

coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be

15 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the

20 slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.

For example, referring to Fig. 8 in the first

embodiment, in order to improve the arithmetic

25 coding efficiency for block ¢, information on the
motion vector for block B above block C is
exploited to determine a variation of probability
estimate. Accordingly, if block C and block B are
located in difference slices, the information on

30 block B should be prevented from being used to



Fig. 15 shows an internal construction of the arithnetic coding unit 6
according to the second 20 enbodi nent. A difference between the
arithnmetic coding unit 6 according to the séBond enbodi nent and t he
arithmetic coding unit 6 shown in Fig. 5 according to the first enbodi nent
is that the pr ity 25 ner at.i ynit 3 el Lver nt ext node
status 39 to gg%ﬁéu l%llaéleex% 8i t%%ggllﬂget%egggr&%é%ﬁi%g rgz%rfsn‘i ssion unit
generation unit 35. qp; Honif tsha H har te sPowiiRg, Lhe jur ocess
performed by the arithﬁgii%egSﬁ%ng unit 6 OFC%¥8.63535. §7 P . An
imredi atel y appoeed ablie idi f4 egencegdramdhe tihawcpaoty 0 i Fiigy 6o &ccor di ng
to the first enbodinent is that the context nodel status 39 that occurs in
t he process ofostepiSEacfeorigeneragit hgel ¢t hé epreabmbinlad yusfi nor car rence eaft

0/1 for each bin, i.e. the learning status 39 that occurs in the
probability gehRed&lion unit 30 as it updates the variation of probability
estimate in a context nodel, is nultiplexed into the slice header in the 10

header construction PFECEEINGdp SFOPE iSPERE G raRSASERER tunk ¥ oydrbe at ifon

unit 35 for constructin header for the pext transmssion.unit, in a
sinilar confi g‘ﬁ?ii?]iooéw gd?rf"enrﬁgipﬁ%‘?‘t\‘}gl OLhFMBLLY" Y n t¥He bi nary

ithmeti ' 3 t s Qe el L :
ont oxt model 1 aaPa g St A IFS A o - Eog T SEHE

of the contexty p@ehyh g8hNitWe StHAPs R sUS1 H HWitlhs 205@q 1{sshows a
case where there are a total of n nmacroblocks in a kth transm ssion unit.

A cont extlopndedd spx iuselyor yn ened I sddefd dgd thod t eale natriet oek -adi ke

probability in ctx varies macrobl ock to nacrobl ock.
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
arithmefic 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.



25The context nodel status 39 is inherited froma transm ssion unit to the
next transm ssion unit. This nmeans that the fjnal status ctxk(n-1) for the
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, 1in CtXklz(r{\'i)nﬁ%dﬂat%li(}ﬁ_éi?ﬁ%é@ig’%l%q@kf.tf%lt&?c%rqp@«?iﬂ' R

po, p of occurrence of 0, 1 in ctxk(n The transm ssion unit generation

unit 35 transniftiwaha i hdbgatd g, t Be £d abusl D gCloek(hd) 5 tH+t he header
of the k+lth transm ssion unit. Fig. 18 illustrates a bit stream generated

by the arithneerdeddimep tnit & atotdiagebm ttdretsecohel embicdt oent3 9 | B htadte

second enbodi nent, the slice header for 10 the conpressed video slice data

has i nf or mat i oRSIHHY Eatlithgt BlRe IHOMEERES mdlels tstat 85 of Lole grresdingngl i ce
in addition to the slice start code, the register reset

tt hed t ,
flaa and tro i Fie PRk DA tya 0E 8 BERG 4 Dffe G4 Loff o BABIH: ot

flag and the i
n.al ternative nfiguration of the cond

h in Fig 10, |
onbodi mont . i nb- g & 1aBR R cE RN R Pt BRY e Buisont Br TSt her

enbodi ment, the're _ _ : I Ce
| ndi cati on of o6 CuRerbar TheD AT aF Lrdy St A0 ue% o bR E88a Hhenor
A flag other thapildweibegi st epricaseb ifiliady MY ¢ Nkt e Mhgt kesn B cont ext
nodel status is multiplexed or not. 25Fig. 18 shows the slice header data
and the model, is multiplexed into the slice header in the
10 header construction process (step ST9) in the
transmission unit generation unit 35 for
constructing a header for the next transmission
unit, in a similar configuration as the register
value that occurs in the binary arithmetic coding
15 process of step ST4.

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

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

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

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

initial status of ctx in the k+1th transmission

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



conpressed video slice data being nultiplexed into the sane bit stream
Al'ternatively, as is described in the first,gnbodinent, the slice header
data nay be carried in a separate bit streamfor offline 30 transm ssion
and the conpressed data may have 39 attached thereto ID information
referring to the qoriaspandtng pligecheader xdaf@. pade tgi%elgqﬁgwwtgn
I nternal construction of the arithmetic decoding unit 27 according to the

second 5 enbodtirentprAbdilf f Biencep bet weans t be A i Hemrid codeqodi ngiwnit 27
according to the second enbodi nent and the arithnetic decoding unit 27
according to fR& Manbiv-s$ilon tmiandDiefs tde am itngeinesetdod erhadi ment

in Fig. 13 is that the decoding initialization unit 37 decoding unit 27

according to thE2@SMVESs dhbkacdm@xEakddey &t ustaldong op £t It X htredilat el y
intqg the header. to the probability generation

preceding slice Itiphexe
uni t 305m%tmﬁngﬁg%m e Todd Shgt i ishi fcipeadssion unit.
Fig. 18 illustrates a bit stream generated by
the arithmetic coding unit 6 according to the

second embodiment.

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

20 whether the initial register value is multiplexed
or not.

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

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

30 transmission and the compressed data may have



15 fromthe i medi ately preceding slice. Fig. 20 is a flowchart
showi ng a process perforned by the arithnmetic decoding unit 27 of Fig. 19.
A difference between the flowhart of Fig. 39 20 and that of Fig. 14 is
that, in step ST10 for transmi ssion unit decoding initialization, the
context nodel status 39 restored fromthe slice header is output to the

process of stept8hxiea ganeraticngrbhemfebakidiby of egeauriagce ®f tOd for
25 each bin by referring to the context nodel determined in step ST1. The

cont ext nodel st atress 3Onauitpygt stlol seem&TBeirs distd .t 0 generate the
probability of occurrence of 0O/1 in the probability generation unit 30.
301 f the nunber of cddhfextl foddlawEs agkt rb@nnalo cPasde;ueai ngfoftihhe
context nodel status in_ ,the slice header, introduces an overhead caused by
slice headers.2¥atdFiat tgsel eeafickd Mot s2pr F PHFA 4nghi $Pcalte second

contributipon to the .coding efficiency 5 may. be selected so th t he.
associ at edgsta‘:‘[ O%&%Pﬁ'pl%xgc}.fege}éenc?:o]f"e ?Tﬁpe,tgrﬁt iao?llgg‘&%?écand
ort hogonal tr r.m coeffi.cle r sent |ar i in.the .
entire cmﬁngaﬁﬁgﬁ?%g Phﬁétﬁiéﬁﬁgfgﬁﬁgng%tghﬁw%gFﬁﬂﬁf§EQ%%igent
cont ext nodel I The -t ¥pem ek 1Gon I j €h the, t i

i nherited nay%brg@e¥glel c?ﬁly nu]gztilgfeégg:tc}d;?gaa I?%'t\é\{nrga% o) ?Eg'tnufhllé%
status may be tggd egtiriet Y elmh@d itch £ o5 HAWpRr iant reent exB mogdek$ald the
depending on the local condition that occurs in vidéo. As has been
descri bed, actaraihsgitss Lber sesamrd dsbedi gt 1Dt ibrlansaitiso Onuefit 37
conpressed video data in transm ssion units, the slice header data 20 has
the regi dtler Plfagi hehe 1 hthime t Legideendviat geudvi an@ 1 heccont@xingnodel the
status information attached thereto, the initial register flag designating
whet her the ré§card emiedimesit idgliNea? i thret FOTharlg BPdedssStatus

reset or not, and . . , . . .
39 for the immediately preceding 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 is a flowchart showing a process
performed by the‘arithmetic decoding unit 27 of Fig.
19.
A difference between the flowchart of Fig. 20
20 and that of Fig. 14 is that, in step ST10 fpr
transm;ssion unit decoding initialization, the
context model status 39 restored from the slice
header is output to the process of step ST3 for
generating the'probability of occurrence of 0/1 for
25 each bin by referring to the context model
determined in step ST1. The context model status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probability .

BN

generation unit 30.

30 If the number of context models is extremely



25 the context nodel status information indicating the context nodel status
of the immedi ately preceding slice. Accordifigly, it is possible to perform
coding without losing the continuity of the arithnetic coding process. The
coding efficiency is 30 maintained, while the resilience to transm ssion

41 errors is inpEgesd. carrym@notmetﬁ@cw”tdne@b@ﬂuﬁeatal as shitafs sihuaine e
is assuned as a transm ssion unit. Alternatively, the present invention is
equal |y appli cableet h@aBeconingurcaiwoersi mmhbete shendeocfnarel isByaslice
transm ssion unit. In the second enbodi ment, information indicating the
context nodel Beadesof ime i ivedica eky pvrce@ééuxﬁg BPHAee § sparatRédto a 10

current header., Therefore, referring to Fig even gﬂkn bl ock, C.and bl ock
B|rmemeuelyﬁﬁ%ﬁé&%ﬁﬁBFO&@Q?§&PWB&&HKF?nqﬂ?fEP ng| eddsi C £ R0 di ng

eff|C|ency is inmproved. t rob I|ty adapt at i on S|ng Gont ext nodel s,
by expl oi t Png ¥he %? cOh 3 §I a{)h O PR B %I%t & rﬁ‘h’ilﬁglt e
probability fqf gght he coding eff|C|ency with which the transm ssion
unit is coded |s Ve y controlled such that the slice-to-slice

i nt er dependence is @Q&rdb%ﬁﬁﬂﬁiéedrﬁatzkhﬁ ¢aptext s 2@ fwdgl- txi @b afior the
i mredi ately preceding slice is fuIIy exploited in a case where the
probability oftd®ssfofrsl cde tifif @ iduett davansimsésends rar Samsgextrenel y

| ow. The context nodel status for the imedi ately preceding slice is not
used and the 2®stioce tbastilce enterdependeing ivwo lugeegardéddath dhease

where the &robablllty of loss of slice data is high Referring to
the bit st%eamtsytfix Rhpwh € anb@rllBedttféDEeéd}ﬁﬁ@nﬁﬂﬂﬁﬁﬁtt H&3dBdén
descri bed 30 assunln% that |nfor¥at|on |nd|cat|n%n ?e co

ype of context mod or w the

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

30 maintained, while the resilience to transmission



42 nodel status for data in the inmediately preceding slice is attached in
each slice header in addition to the registgi reset flag and the initial
regi ster value according to the first enbodinent. 5 Alternatively, the
register reset flag and the initial register value according to the first

embodi ment maye PEoE t18d i3, EBJ PNl y the information indicating the
context nodel status for data in the imediately preceding slice is

attached 10 in each mhi eadeadebnd ey ivelns , t he scontexts vpdelt st at Us
reset flag (see Fig. 21) may be provided irrespective of whether the

regi ster resetagsageahdasha inranamisegiisireruvdltue Addordnad tvellye fihet
enbodi ment are provided, so that only 15 when the context nodel status
reset flag i s RAesente inNecbhraxtispeduasl ivuapplictakégettot pe
infornatiog indicgting the context npdel status for data in the i mediately
precedi ng 31 i G@RELFUTR RSP T ot Pudd + ARdEC oA O 2B /MG d1&ntfodi nent

A di scl osure whélng%w be.ﬁiven of the third enbodi nent in which

transni ssion uii? 3 5rE ToRN iR EEd according to a data partitioning fornmat

25 in which codin r.e i t,0 a; . The
exalrrpl e Iexpl ai n:adgb(@a"tleﬁcn?\-/tﬁs{,a t%éggg)’f%?o?nﬁ&%;cgliﬂ%n ’af%gﬁfjcﬁ%ﬁe\%l%gfoﬁevi sion 3,

JVT- B118r 3 forirﬁdy&a%qzsgditr}ge SeBeIEe ftSaiseed idtdeurt dedemdeam 30(JIVT)
of iso/iEc MPEG and I TU-T VCEG The draft 43 discloses as nmany data itens

of a specificitypedastddbye B €corciodl edkisc &n ia shtea cliedctius eaas shown
in Fig. 9, are grouped. The resultant data unit is transmtted in the form
of slice ldht acuFheeslti dee5deat a Tdatee fipintd, corsterrtiod byogribugin@ i s of
one of data types 0-7 such as those shown bel ow, for exanple. 0 TYPE
HEADER pi ct ur 8VET awBebrbdticde Redded !PdolCITYﬁE_JMHPIEP?DEgEﬁddT obr g6ie header

i nformation di node i nfornati o . ,
(BROJP C are locatedﬂin 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 foxr 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



2 TYPE MVD notion vector 3 TYPE _CBP CBP (non-zero orthogonal transform
coefficient pattern in macrobl ock) 15 4 TYRE 2x2DC ort hogonal transform
coefficient data (1) 5 TYPE COEFF Y orthogonal transform coefficient data
(2) 6 TYPE CCEFF C orthogonal transform coefficient 20data (3) 7 TYPE

ECS end of streadeildentatucation iddoamiti onh&orimexaaplaa, e By slpcec el ided a
type 2 or TYPE MVD is transnmtted as slice data in which are 25
col l ected as nahyceotinatéctohednfior maticdn $1éws dseakere ane arbdiablacks
fitting into a slice. Accordingly, when the k+lth slice of a type TYPE MWD

i s subject to 'dRcbliend ¢oLENE hgTEmekt flag cangf Eheype TyPEIWDR9dmItE L he
.into a header of the

context nodel _44 the kth sl.ice should be nmultiplexe
k+lth slice caft v &g at%%“f%ﬁé’_% Oda%té? %ﬁ”b? ete“fi?ﬁ’ F'&® the context nodel
Fro 21 shows o SRy £V et v ( EBF aokd yet&n Ba ¥t koot et RSCodi ng
unit 6 accordiirtgiwatlheré@&@d;@ﬁb%i:]@@tac@%fariinnp t8 FEife £hpgpen notion
vectors are collected to Construct slice
embodiment may be omitted so that 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 attached
for use in decoding.
20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25 in which coding data are grouped according to a
data type.
The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-B1l18r3 for

a video coding scheme discussed in Joint Video Team

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



10 data of a data type 2 or TYPE_ WD, the slice header has attached thereto
a slice start code, a data type ID designatjag TYPE_WD, a context node
status reset flag and information indicating the context nodel status for
notion vectors occurring 15 in the imediately preceding slice. Wen only
ort hogonal tradsfsorhwseaf fd<ci gatnydafia t(2)i 0bme dﬁfaatWe5iQriJYEEp@5§§ Y
are collected to construct slice data, the slice header has attached
thereto a slicéhsizetaredeaardatico@Bst yipe &Dsdest gnatti mge TYRE COEFR Yowa
context nodel status reset flag and information indicating the context
nodel status féP drthogdnald ¥eansior recoefThei emsdata wecdatiaguind. t his

i ce., 25Fi g. 21 shows the slice header data and the

i mredi ately precedi ng. sl .
conpr essed dat rgé]i‘e‘r{glﬁﬁletdi ptRx&ERS nf B the® Safd e d@rteam TRY eFAdSel y,

the slice head at be carried in a separagte hit streamfor offline
transm ssi gn aﬁét%he(a%%%rrér éls%Jeg)dacf%nﬁ'&fq%‘%g%S Bt PEOHEY Pleret o@D O E
information referg t 5+C p i i C e .

Referring to Fig. Hfg?atﬁgyaéfsl tﬁmgt %ﬁggd%’% g%iot%% glg(tt}g\frgi %Sq‘?%ﬁf hé‘cotlf"li rd
enbodi ment is ¢xah@mmni ed such that the transm ssion unit 5 generation unit
35 reconstructs macrobl ock 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 nodel |earning status corresponding to the
data type are OOT¥8HE gt BBEM pirdaidat 4frame) 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+1lth 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



Referring to Fig. 19, the arithmetic decoding unit 27 according to the
third enbodinent is inplenmented such that, far arithnetic decoding, a
context nodel to be used is determ ned by allowi ng 15 the transm ssion unit
decoding initialization unit 37 to notify the context nodel determ nation
unit 28 of thetd& ak¥hpe Ui qubtiol 2ded ¢ nino tthiep $kixeel header ,a ahe ader
cont ext nodel I%ar ing status 39 is inherited across bounds of slices by
al l owi ng the 28% dh&mkdditoh 8dd6d ngaimiiyY i alg A e oR YRE LMYP tdaheti fint he
probability generation unit, 30 of the context nodel | earning status.
Q%d'%bred,goa@clolr(ﬂ'i"nght@o FRETPF Fd "&bl MSRI M ATE debaditghal is

As has been descr

subj ect to 25 ggppr, ' LN . hei di vided into .transmission units

grouped accordi ng ﬁﬁéﬁFgggfgg%i%S %anqg§pééﬁgfh VF&@ﬁagﬁg&gT %glonging
arithnetically coded such that coding is

to the trapsm gghen Ukl .i s
continued 30 across bounds of transm ssion units by inheriting, 46 instead

of resetting, the symbgl. Qcushenae QhonabghgﬂyglggrmLmQ Statdsmfrom the
earlier transm ssion unit al so grouped according to the data type.
Accordingly, «@enghadegdebyoftieer arr bthesstiencedsngnsuied @nchd b6 repoh 9
efficiency of arithnetic coding is inproved in a configuration in which
data are grougedt hé€ortragd epbedetmenitnedRddertipgsto Fig. 21, Wide

the third enbodi ment assumes that slice 10 structures are organized
according to &Yar8™ HeCEEOLS tRERsRilAF baft tqides styamed maliakso be

organ od GO £ £ 158 WPEq 4,0 AU, e LIRS
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



15 assuned that the header of slice data for a given data type has attached
thereto a context nodel status reset flag aa#l information indicating the
context nodel status of data in the imedi ately preceding slice when the
flag is off. Alternatively, 20 in a simlar configuration as the bit stream
syntax accor di fi§ 't"%® ¢ he Nsetoad sénisodi hemdshownta.Fig. 18, the header of
slice data for a given data type may have attached thereto a context nodel
statusresetflagaﬂﬂelﬁQﬁhﬁﬂl&?l éﬂmﬂiﬁgtq%ec@m¥ﬁhmm&kﬁ gndiagus of

d h di I wh ff ddi
o vt TR PR R T L
t he cont ext mﬁﬁgl%ﬁéH%écfsgﬁFE O@rta{[ﬁgx%l%%éfgﬁ hf}ilé*nformatl on

i ndi cating 30 the context nodel sta us o YatA G e 1 nmredi

preceding slicgehs & vays alhpehed fPéc%ﬁﬁstEu@&é’dh\ﬁ%rbﬁi%%ﬂé‘CH' &, Oty
whet her the register reset flag and the initiral register value are
provided. 5In 4 helfiilget inhraugdrtibinde e kiogh MeMs, d¥itdeop a datia: i ndiygn as
an exanple of digital signals. The present invention is equally applicable
to digital sighale fdsaudigddabiowes , sisgnat haftort kel IIpi thificesnadiigin a
signals for texts and nmultinedia 10 digital signals in which these are

m xed. qe?rg LH& 3% 80 dnve sdedml bBiiRli bt sthe slarbexd ghodelas an
exanpl e of digital S|gnal transm ssion unit. In the third_enbodi nent, a

transm ssion mfi$x &ﬂ%t?ﬁ&ﬁ%ﬁaE&ﬁ%ﬁﬁQQQﬂaéﬁa@% 5&%|@P6ﬁr®YP&’are
Il ecti d di data t

exampl e. ?%fti%ﬁof[?vé AT RELEERRABRE) “Const T uct ed from a pi ural ity of

slices, i.e. a\nde@gf@gglm%ytgaﬁ& ra@%ns%%glggft Jg%ﬂge§%@b%%gg

invention also finds 20 an | 1 cati in a’storage sy
storage unit, uinist ead Qfcaoli®NSg +Y OPhNith IR Rempenpimdaied; s

a

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 determinatidn 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,



| NDUSTRI AL APPLI CABI LI TY 25As has been described, a digital signal coding
appar atus according to the present inventiqﬂgis sui tably used for

transm ssion of a conpressed video signal in which a high degree of error
resiliency is ensured and the coding efficiency for 30 arithnetic coding is

improved. 48 CLALMG g 1o ¢Adightali il gn%'necogyﬂ@g@ppae@@ré%e{mkl ng a
conpression coding of a digital signal, conprising: a coding unit for
arithmetic codingbad il dicg teéashdnal Y zdaier Frimgtaccad extigpdel to be
used for each type of coding data anmong a plurality of context nodels;
wherei n sai d codangnmurs $ iowhenn $&i chlds gi gato spgnrbl a ¢ sodidd nigd tfcortkach
predeterm ned unit to be coded, nultiplexes into a bit streamthe
information reprededtimg-akdepridinastare ofhpadbaberee ?Locswweence of

t he context of nodel, corresponding to_the tyge of said coding data and
i nformation off $HLLAANGPnd % pRfHIteF AL RRI AP ShBEs Sht AFtPREY ©f

decodi i th a bit . t of the coded d f said .
or edet o1 m ned A PR LR G TAR hipri PRSI RY ek hba O ARERE 4OD 0

conpressi on codi ign ol 4 Ahld! o banala SUBCLAING Bb! WBLLE £odhBg pal d
digital signal by Heternlnlng agcgngéx ngggé tgnﬁ% used for eac ?3%3§0f
codi ng data amgngiatgkgggLity of context nodels; dividing said digital
signal for each predetermned unit to be coded, and multiplexing into a bit
stream t he infornmat Wi I eprasent hig @neinbidd dinesttat gsefunpeobatidtt g lofce
occurrence of the context of nodel corresponding to the type of said coding
dat a and Lithf osrtetuohuafe § natrieal dzgag oz edgisstep ndal g Wai ch dladws tigpe
arithmetic decoding process with a bit streamas part of the coded data of
sai d predeterfiSned LRi@nsmission 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
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preceding slice is always attached for use in
decoding, irrespective of whether the register

reset flag and the initial register value are

provided.

In the first through third embodiments, video
data is given as an example of digital signals. The
present invention is eqgually applicable to digital
signals for audio, digital signals for sill
pictures, digital signals for texts and multimedia
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
partitioning for collecting data in a slice
according to a data type, is given as an example.
Alternatively, an image (picture) constructed fron
a plurality of slices, i.e. a video frame, may be a
transmission unit. The present invention also finds
an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

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

arithmetic coding is improved.
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CLAIMS

1. A digital signal coding apparatus for making a
compression coding of a digital signal, comprising:

a coding unit for arithmetic coding said digital signal by
determining a context model to be used for each type of
coding data among a plurality of context models;

wherein said coding unit, when said digital signal is
divided for each predetermined unit to be coded,
multiplexes into a bit stream the information representing
an initial state of probability of occurrence of the
context of model corresponding to the type of said coding
data and information of initializing a register value
which shows an arithmetic decoding process with a bit
stream as part of the coded data of said predetermined

unit.

2. A digital signal coding method for making a
compression coding of a digital signal, comprising:
arithmetic coding said digital signal by determining a
context model to be used for each type of coding data
among a plurality of context models:

dividing said digital signal for each predetermined unit
te be coded, and

multiplexing into a bit stream the information
representing an initial state of probability of occurrence
of the context of model corresponding to the type of said
coding data and information of initializing a register
value which shows an arithmetic decoding process with a
bit stream as part of the coded data of said predetermined

unit.



