1 SPECI FI CATI ON DI G TAL SI GNAL CODI NG APPARATUS, DI G TAL SI GNAL DECODI NG
APPARATUS, DI G TAL SI GNAL ARI THMETI C 5 NG METHOD AND DI G TAL S| GNAL

ARI THVETI C DECODI NG METHOD TECHNI CAL FI EL The present
invention relates to a digital -10 signal.-coding apparatus, a digital

si gnal decodi ng apparatus, a digitakpsicgnatcaetblyreti c coding / method and
a digital signal a_ithnmetic decodi ng nmethod used for video conpression

codi ng and conpressed video data transm ssion. 15 BACKGROUND ART In
MPEG and | TU- T H. 26x,
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DECODING METHOD

TECHNICAL FIELD

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

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

20 provides an optimum coding performance when
individual information symbols are to be
represented asg individual codewords. Optimum
pexformance is not, however, guaranteed when a

signal such as a video signal exhibits localized
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Information symbols varles.
Arithmetic coding is proposed as a method that
adapts dynamically to the probability of appearance

of individual information symbols and is capable of

repregenting a plurality of symbols as a gingle
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Arithmetic coding is proposed as a nethod that adapts dynamcally to the

probability of appearance of individual information synbols and is capable

of representing a plurality of synbols as a sir-Lyle codeword. The

concept behind arjthnetic coding will be outlined by referring to Mark

Nel son, "Arithﬁﬁ?#%w%%ﬁkng 1- Statistical Mdeling = Data Conpression 5
February 1991. It is

Part-1 - Arithnetic ing", Dr, h's. Journal , ’
assumed that an inf oJran%t io%nﬂ%%%{rcg%%éﬂ’eq a?’é%tﬁﬁlﬁ&r“‘r%t‘?%ﬂ{é‘)gnﬁ‘b’rkl cbapri si ng
al phabets and auvwEssege bBl Lle ESHg £ ANKL k§ldy, ceded. . 10The
probability of appearancegof indivigggl cﬁgrgg$§$§%¥%¥6efg%é&”ﬁ%egh%mn in
Fig. 1. As indiCeatistyih &ted iunnidRANGGG o 3y g= batRoré¢baps s £
probability _line defined by a segnent (0, 1) are uniquely establls%ed for
respective thatadters. 135dbd@trieht | ¢oding thabast dcblare gubjrenty fo a
codi ng process LSt ot lletter .B" is coded. This is, dgne in the form of
identifying a 'rb‘gﬁd:reusi%;{ 2?98.13) ]gih {'ﬁeaﬁﬁc%lh%?l FROTI iafe FRFOrmatt idwar act er .
Therefore, thesbaii®s §&ner@ilaSPONES : f; Hi l.Lue and a Low
val ue in the range [Oﬁ%, 0. 3), rh%gggggegﬁ%?g1§55%§5§%ﬁ?ﬁ§¥’the range
10. 2., 0.3) idehpheibeds nahbe apmosesagel "eodimocABLs's fe£garded as a new
seam| 0 1so that_% nuhasegnent 3 segnent after the coding of the letter
"S" is conpl et @grthmetigalidyogiofiedrocess is an inverse of the coding

B Tange on dhe probalid | PyOPRRS IHERPE, AR 4 R30PE AELLBRGVdetEi N B
T0Ther eaf tor, The ton: val s for wikd{a8 S¥un "l 8914 By,
indicated in a column "RANGE“ of Fig. 1, portions
of a probability line defined by a segment (0, 1)
are uniquely established for respective characters.
15 Subsequently, the characters are subject to a
coding process. First, the letter “B" is coded,
This is done in the form of identifying a range
[0.2, 0.3) on the probability line for that
character. Therefore, the letter "B" corresponds to
20 a set of High value and a Low value in the range
[0.2, 0.3).
To code “I" subsegquently, 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 tvtherein. The process of
avithmetic coding is a process of successively
bounding rages on the probability line.

Repeating the process for the characters, the

result of arithmetic coding of “BILL GATES" ig

(=]

36 represented as a Low value “0.2672167952¢ of &



subtracted fromthe result and the resultant value is divided by the
magni t uae of the range of ."B", producing "0.572167752". This enables us to
restore "1" corresponding to the segment (035, 0.6). The 15. process is

repeated until "BILL GATES" is restored by decodi ng. By perform ng an
message of extreme |ength could be

arithnmetic codi des ri bed .above,
PR Ko R ebPd. THE abDHAN DS T nbPeheh aiFen S 1 L

mapped onto a S|n

| npossible to oggﬁ g%ﬁ%ah infinite decimal precision. Mreover,

mul tiplication and leISIOﬂ are necessary for coding and decodlng so t hat

heavy conputational lmadlecobd ifdpabr6eeewor ds r gRr 658E akikoR ¢ I Hé”c' %eg
|cat|o

type. TheLow value is approxi mated by a power of 2that multip
operat |dacodi ng accordi ng to t he above-

division are repfaeedsoy shift.
descri bed pr.ocess engples entropy codi ng adapted to the probability of
H0ht sy ABS COABRE dptiitcdld 42 SHAAE Tthe2 prdlsabi | ity

occurrence gf i nfor
of Ocm”rence\@Kéﬁ§ngﬁm¥3C&EE%rﬁ*ﬁ%COd'm%ge on the probability

line in which the result lies and determine a
In this case, we

4

character assigned to the range.

restore "“B"“,
10 Thereafter, the Low. value for: "B" is
subtracted from the result and the resultant value

is divided by the magnitude of the range of “B~,

producing “0.572167752". This enables us to restore

"I" corresponding to the segment [0.5, 0.6).5The

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 and decoding so that heavy computational

lcad is imposed. These problews are addressed by
. soad by

cimal computation usiang, for

2 floating-point de

codeword representation, registers of an integer

type. The Low valuve ig
approximated by a power of 2 so that multiplication
and division are replaced by shift operations,

20 Kd&axly{ arithmetic coding according to the above-



5 efficiency higher than that of Huffrman coding is available by tracing the
variation and updating the table of Fig. | appropriately. Si nce the
digital signal arithmetic coding nmethod and digital arithnetic decoding

nmet hod according to the related art are configured as described above,
video frane is deticdethdédt 9rs8aMNtsSy {01 ok BRIV SSY OBol i ! ows
resynchroni zati on (for exaﬁpl e, I\/PE%Z sli celﬂst rcﬁs%urglfr%woéggbmgg aé’(l‘)

m ni mi ze degr ad&bieoprkBoetlitiyng i o @ entnopy -«cddid fvirdent sdégnal due to

transm ssion error;. Huf f man codi ng maps_indivi dual coding synmbols into
codewor ds of an®YRPEGer- e X EeRgEr ol ¢ hhlyy r ¥isth skhen piviRab s lilmyed &t el y

defined as a gr [of0! rds.., ln arit tic. coding,. however, a
speci al code fog&gﬁégﬁg‘ﬁ y‘ggﬁgﬁgn(ﬂyﬁba%l%%ggﬁg [C)'-T%%egg%!lan equired. In
addition, far r@wﬂ@we%pfhﬁ%ﬂb&g,tﬂm PhREESTE QfuteARR 'w;&}{:ﬁgpri%babl lity
of occurrence of earlier synbols to output bits for ostablishi "I ency

be reset so as ¥odélakdea hestbbapiory tSbsequdritiont hedsugpeasiag. Aot her

problemto be addresedi. a that, when an arithnetic coding process is not
reset while coditylg €fddo g r aheaBRd @ hHbatipd¥ded into small units such

Since the digital signal arithmetic coding

each

method and digital arithmetic decoding method

. »104 aeeording to the related art are confiigured as

described above, each video frame is divided into

segments foy 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 erroxs.
Huffman coding maps individual coding symbols

into codewords of an integer bit length so that

transmission unit is immediately defined as a group

20 of codewords. In arithmetic coding, however, a

special code for explicitly suspending a coding

process is required. In addition, for resumption of

ceding, the process of learning the probability of
cocurrence of eayiier symbols should be reset so ag

s LA R R T N T T A T Sy N oo . )
L RO OUTLUT it for L;:fﬁﬁr?i‘u.mgd.‘&iiﬁ.ﬂ% BOoOo0o. AR oa nesusnt,

the coding efficiency may suffer prior to and
subsequent to the suspension. Ancther problem to be

addressed is that, when an arithmetic coding

process 1s not reset while coding a video frame and
3¢ the frame has Lo be divided into small units such



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

robl ens and hag.a j &t | of; viding.a . diglital s codi
gpparatus and agéigﬁgg#ﬁéigﬁgﬁ &S |ﬂﬁﬁgggﬁégsgéggbﬁé'gfggﬁg r?gg%g hi gh

degree of errorpdBketesidh 8HEY cakd ipP4OUI At n0di DPceliicé @DEYely
.ofarithmetic coding. The present invention has a further objective

of providing a prgredlingg gnatkeéécoditg appabatuss aadid igiaglt ap dyiegread

decodi ng nethod_%gpaple of 15 proper decodin% in a 6ituation where the
codi ng appar at uS* EBREEN G CaRRg WA bEEY hEGRIS of WP Endi S5 BATGRT O n by

i nheriting, 4 ns of set]i t.he. arj tic, codi for earlier
transm ssi orxlj unlé?gggr OtrFlga sé/%ﬁg%tpr%b%%i {i%?’;@ Ocaf e‘gg?ﬁIa gsi(fa%l'tjlgg DI SCLOSURE
OF THE | NVENTI ON | n ageorgliaasenw tihwe ftgohala &d geak «eodi gs eSpgal Lems
partitioned into units is conpressed by arithnetic ceding. Information

representing aradi hhsewirc abjend isteatef prowrird lygwaed ig v ahswiigmiahn unit

has been coded, may be multi pl exeddat a constituting aéégbsg@uent 6
transmi ssion urfidingt 8PRRATIERY, a8 DrdbabPRA; of LRATr IENteEr REFdhog

synbol s may be in . e n h i O si gnal coded
on the signal i’ﬁ%%‘é& ?’ﬁ? oeﬁxgégrgJ‘ar&pldau;@?gﬁyﬁ%ﬁe%djgatge%f?%ansrri ssion
units, theyprohahiiiti¥nel oEcar LA VBYgbE kearned by miaunéhog @ requency.
of occurrence of coding Synbols and information representing a probability

| ear ni ng st at usr odouetiog ad@ihng .gi ven transm ssi on unit has been
The present invention has a further objective
of providing a digital signal decoding apparaﬁus
and a digital signal decoding method capable of
15 proper decoding in a situation where the coding
apparatus continues coding across bounds of
transmission units, by inheriting, instead of
resetting, the arithmetic coding status for earlier

transmission units or the symbol probability

20 learning status.

DISCLOSURE OF THE INVENTION
In accordance with a digital signal coding

apparatus and a digital sigunal coding method
25 acvording to the present lnvention, a digltal
gignal partitioned into units L& compressed by
arithmetic coding. Information representing an
arithmetic coding status, cccurring when a
transmission unit has been coded, may be

30 muiltiplexed into data constituting a subsequent



10 coded, may be multl plexeinto data constituting a subsequent transm ssion
unit. Wth this, it is possible to continue coding across bounds of
transm ssion units by inheriting, i nst bad of resetting, the earlier

arithmetic coding 15 status or the synbol probability |earning status.
roved_coding efficiency

Thus, a high degree of.error resjlie and an i f

of arithnetic cg %ﬁfW%%ﬁﬂPﬁIW?%ktoaggﬁﬁyﬁﬁfﬁegBdi&t%ﬁogﬁa 1H¥c84i ng
20 apparatus angcdigifal 8i:9nala #rgodiyah el hadyaeeordh 040 4 g, Present
i nvention, a decoding process nmay beginﬁggalized %hen decodfng aggé
transm ssi on unbisiesi siardlegeniasedeon i nfloy nbl g doailnks tdeatlr ansd@snoht fco
-------- Alternatively, a probability of synmbol occurrence used in decoding

the transni ssi ofP@nisti iyl bé nicdindedodnudne graaspdpgia bédur ghce

babilit I t at th d digjtal _si . ived in th
ey e’ Aotndasen R oEm A AO0R ikt FPE 8% eahirdice &f |
restored symbol §¢cRasesh o8 ﬂ@@e@ﬂ?nféiafi_}n(gd e dbdhkalngi anal oflgg on

the signal included in one or“a plurality of "adjacent transnf%s on units,
and by | ear ni ngefhecpnohadit et v Hycsatinig g b b1 eqaarcyi of otclies BS54 or ed

synbol s.
representing a probability learning status,
occurring when a given transmission unit has been
10 coded, may be multiplexed’into data constituting a
subsequent transmission unit.

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

15 status ox 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

multipleyed into data constituting the tLranswmission
unit and represepting an arithmetic coding status,
Alternatively, a probability of syabol occocurrences
vsed 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



Wth this, proper decoding is possible in a situation where the codi ng
appar at uscont i nues codi ng across bounds of transm ssion units, by
inheriting, instead of resetting, the arithfretic coding status for earlier
transm ssion units or the probability |earning status. 15 BRI EF DESCRI PTI ON

OF THE DRAWNGS; symboFi 8echr3VBet Be JHQDEDE LT Y Lfr.PLEYT LaNCE, Of
I ndi vi dual charactg}s mhencg phrasee"EIEL GATES"yis aﬁithngtfcaleggéoded.

20Fi g. 2 shows a&hearddipeéie edodi Ngitaduldigwed reeephraseinBidde GARESs i S
arithnetically coded. Fig. 3 shows a construction of a video coding

appar atus (di gi P&y digrigcedeidng pparieud)ivhhgdrmtorkhdid g of
construction of codi ng apparatus,_(digital .signal decodin
appm%ﬂubodinenPg%&%reéb%ié? 5 SHonk © n%ﬂﬁ%ﬁﬂﬁr Bﬁﬁﬁgu%gi&$3ﬁngﬁ“c?

arithmeunit £ obsF¢p& digi%ghgsfﬁﬁéladgéwwgégbnzmﬂgr@i@ﬁ%?gssss

performed by the arithmetic coding unit 6 of F
illustrates a coneamideaf Bnconkexir npdel.urati Yty 8oifl lasjaakas an exanpl e of

context nodel for a notion vector.
transmission units, and by learning the probability
by counting a frequency of the restored symbols.
With this, proper decoding is possible in a
i ¥ d situation where the coding apparatuscontinues
coding across bounds of transmission units, by
inhexiting, 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 constyruction of a video coding
apparatus (digital signal coding apparatus}
acgwording 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. % shows an internal construction of an

30 arithmetic coding unit 6 of Flg. 3.



Fig. 9 shows a slice structure. Fig.

10 shows an exanple of bit stream

generated by the arithmetic coding unit 6. %$}Fig. 11 shows

anot her - exanpl e-of bit 'stream generated by
12 shows anot her exanple of bit stream generated by the arithmetic

coding unit 6. Fig. 13ishows ap LntAr, Sty ' rithmetic
decodi ng unit 27 of Fid%p4. Fﬁ%iﬁﬂh&?ﬂ Eéﬂ%&%ﬁ%h%%ﬁeg?%%?gcesses

Fi g.

he arithmetic coding unit 6.

14 is

performed by theparivhneti dydecndi agititieicofcdding18nit 6 ofFipg.g 155,

shows an i nterna

a second 20 enbodi ment i6f thelptbsématiewent comcdirly. ci6a santeunchart
show ng process%ﬁxggéforned by the arithmetic coding unit G of Fig. 15.

18 shows an exa geneé

secon
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ated by the arithnmetic coding unit 6 according to the
Fig. 8 illustrates an example of context model

for a motion vector.

Flg. 9 shows a slice structure.

Fig. 10 shows an example of bit stream
generated by the arithmetic coding unit 6.
«oom.oFlg. 11 shows another example of Bit ‘strean
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
arithmetic decoding unit 27 of Fig. 4.

Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.

Fig. 15 shows an internal construction of the
arithmetic coding unit 6 according to a second
embodiment of the present invention.

Fig. 16 is a flowchart showing processes
performed by the arithmetic coding unit 6 of Frig.
15.

Fig. 17 illustrates a context mnodel learning
statug.

Fig. 18 shows an exampie of bit stream
generated by the arithmetic coding unit 6 according
to the second embodiment.

Fig. 19 shows an intexnal construction of the

arithmetic decoding unit 27 according to¢ the second

construction of the arithnmetic coding unit 6 according to



Fig. 19 shows an internal construction of the 30 arithnetic decodi ng unit
27 according to the second 9 enbodinent. Fig. 20 is a flowhart

showi ng processes perfornmed by the arithnmetic decoding unit 27 of Fig. 19.
5Fig. 21 shows an exanple of bit stream generated by the arithmetic coding
unit 6 accordi negeitleoditakinrgd enbodi ment of the present invention. BEST MODE

FOR CARRYI NG QUT THE | NVENTI ON 10Herei nafter, details of the invention wll
be expl ai ned by descr FBigng dheibest fiwdectartcabrop ggoptotdes $ ayent i on
Fi rst enbodj ment 15A first

with reference to the attached draw ngs. I
embodi nent of tr?ee%{]%glgﬁfi i?ﬂ’veﬁ?oﬁrilg:h"iﬁ%kﬁénfigd’%’rﬁg 3R idxatpl @f Fig.
disclosed in D. {Marpe et al. "Video Conpression Using Context-Based
Adaptive Arithmetic Coding", International Conference on |Inmage Processing
2001, in whikh 20 arirhgetiz cogbwg ke appihpdet @ A Widegtredifpg schene
where a square area of 16 x 16 pixels (hereinafter, referred to as a
macr obl ock) pr od&&&F dyednbiortiile @i dicdineg: e virddd.rfg aneits 6a :0ed P ing

to a third embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

.10 + - Hereinafter, details of the invention will be
explained by describing the best mode for carrying

out the invention with reference to the attached

drawings.
First embodiment
15 A first embodiment of the present invention is
presented using an example, disclosed in Db. 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 macrobiock) produced
hy uniformly dividing a videc frame is a coding
unit,

25 Fig. 3 shows a construction of = video coding

dpparatus (digital signal coding apparatus)

accorxrding to the first embodiment of the present

invention. Referring to ¥ig. 2, a motion estimation

unit 2 extracts a motion vectoxr 5 for each of the

macroblocks of an input video signal 1, using a

Sod
<2



unit, according to the first enbodi nent of the present invention
Referring tol Aation unit 2 extracts a notion vector 5 for each of the 1.0
reference inmage 4 stored in a frane nenory A notion conpensation unit 7
constructs a tenporal predicted i mage 8 based on the notion vector 5

extracted by the.opLi stJ j,on uynit A 5 subtractor 51 determ nes a
di fference betmeé%P%%ggfﬁbu?ygégeg §&6ﬁ% dllgné t é“%?eﬂ?gggayi%ﬁgefg and
outputs the diffisenes asnafed £aLebal Jif £di 6t LORAIF i8I anal e Qp A Spati al

prediction unit 10a refers to the 10 input video signal,1l so as to generate

a spatial predi cqtiohietedr isigpal 81bamedakingha medichi eordtom spatial ly
nei ghboring areas in a given video frame. A coding node determ nation unit
12 selects a nod@“t%%%ﬁ%é HY e nBo& iody gos t Gt R fbst2 15Ref fi ciently
and out puts eodi inferyoation 13, the de .sel ected, by the code node
determrwuiog uﬁﬁbﬁggggP%g%ﬁméégeg% %%naggﬁiﬁﬁﬁﬁ?%ﬁ %ﬁky?%P &E&di ng
the tenporal preagigait ORi8ecOrs Sd9A8l 19481 SKhE PRI fOFed g%%agmgr%g&ﬂe
notion vector 5 is 20 zero and the tenporal prediction error signal as a
nul | conponent, carkpwins i hhea diotiee fenceodimgahhe espatial. predi tét@Berror
signal 11. An orthogonal transformunit 15 subjects the transform so as
erroy signal 9.

A spatial prediction unit 10a refers to the
10 dinput video signdl-1 so as to generate a spatial
prediction error signal 11 by making a prediction
from spatially neighboring areas in a given video
frame. A coding mode determination unit 12 selects
a mode capable of coding a target macroblock most
15 efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector 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
gignal selected for coding by tﬁe coding mode

O T S S S AR P 4y - o e i N v . e
velersfilnation anit 12 to orthogonal btransform so as

%

to aoutput orthogonal transform coefficient data. a

quantization unit 16 guantizes the orthogonal

§ e R e e e B ooy e v § 8e % P o o B o S gy
icdent data with a graanularxity

)
i

L

N P
transform coaf

F

indicated by a quantizatlon step parameter 23

30 determined by a coding controller 22,



to output orthogo quantization nit 16 quant iz es the orthogonal transform
coefficient granularity. indicated by a quantization step paraneter 23 30
determ ned by a coding controller 22. 11 11 An inverse quantization
unit 18 subjects orthogonal transform coefficient data 17 output fromthe

quantization unit 16 widhi the aranul it Ly lndiealed by d i gyantd.zation

step paraneter 23. An 5 inverse orthogonal transtformunit subjects the
ort hogonal transéothogoefdl ct eahsdatan sebiectied d®ti auersa Quaatpaat i on by
the inverse quantization unit 18. A switching unit 52 selects for output
the tenporal pretfeRel hicngyea Bt bagpitof romithd Groribh 1O ec ampens ki wini t
atial prediction unit

or a spatia p{ﬁgig%ﬁeﬁh?ﬁﬁgﬁﬁgw%%%ggﬁ%{ ?%ﬁgEQJ,P&’ftaﬂ‘lﬁt‘FFoﬁ]Bt-heAn

| 0a, in accordancé Ww

codi ng node det ef i 8285 0B H b gdRa 1A% AEE t ¢ Lgnal  from
the 15 switching unit 52 to th% oatput S|g%gﬁﬁfﬁgﬁ?%hggi%@ggﬁécg%t%:‘%na
unit 19 so as t@meheganala ocas feesodase f mMega it agd tat eras tbeelocal | y
decoded image 21 in the frane menory 3a as the reference i mage 4. 20An

arithmetic codi AgtMT ¢ eedsas)tetratdon iy dabe ilmol e aggmkea thbt a b orect or
t he

5, the coding mde; iq@ rmation, 13, .an spatial predjction node 14, _
ort hogonal transtorm %é?%l SEhtchang 1% gﬁt Spye Cbdi hgr MhBUto Wur put
a coding reSU|ttempora1 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, 50 as to output a coding result via a

£5  transmigsion buffer 24 as compressed video data 76,
Ihe coding controlley 22 copntrols components
including the coding mode determination unit 13,
the guantization unit 16 and the inverse
duantization unit 18.

30 Fig. 4 shows a cvonfiguration showing a video



rrsnsm The coding contro including the coding node determ nation unit 12,
the guanti.zation unit 16 and the inverse quantization unit 18. 30Fig. 4
shows a configuration showing a video 12 dggodi ng apparatus (digital

si gnal decodi ng apparatus) according to the first enbodi nent of the present
invention. Referring to Fig. 4, an arithnmetic coding unit 27 perforns
entropy decodi ngesosbiag tpprestiore pdianetel ssiigolali dgeohii wgti on vect or
5, the coding node information 13, the spatial prediction node 14, the
orthogonal coef FPERERL WAL a2 €7 Odifii R e tQuAH ¢ 2 Lirdrt seRpogdmemten D3t hEhe
I nver se- quanti zat.j 1.1 subj s .the orthogpnal coefficient data 17
and t he quantizg%%%%r% e%nﬁgpégé?ET %%kfgg%%?%dEB& hearift ifdti c decodi ng
unit .77 to inveiger@diiidatbling unit 27 performs entropy decoding

50 as to restore parameters including the motion

3
vector 5, the coding mode information 13, the
spatial prediction mode 14, the orthogonal
coefficient data 17 and the gquantization sﬁep
parameter 23. The inverse quantization unit 18

10 subjects the orthogonal coefficient data 17 and the

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

15 the guantization step parameter.23 thus inverse--
quantized to inverse orthogonal transform.

The motion compensation unit 7 restores the

temporal predicteﬁ image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a

/  spatial prediction unit 10b restores the spatial

/ 20
predicted image 20 from the spatial prediction mode
14 restored by the arithmetic decoding unit 27,
A swit@hing unit 54 selects foxr output the
temporal predicted Ilmage € oy the spatial predicied
2h image 20 in accordance with the coding mode

infoermation 13 restored by the arithmetic decoding

unit 27. An adder 5% adds the prediction  erpop

signal ocutput from the inverse orthogonal transform

upit 19 to the output signal from the switching

3¢ unit 54 so as to output a8 decoded image 2I. The



The inverse orthogonal transformunit 19 subjects the orthogonal transform
coefficient data 17 and 15 the quantization step paraneter 23 thus
i nverse-' quantized to inverse orthogonal tisansform The notion
conpensation unit 7 restores the tenporal predicted inmage 8 using the
notion vector 5 restored by the arithnmetic decoding unit 27. A 20 spati al
predi ction unit dE0W dedt brag e Rl spat F&loprddi et éd §hage PeMygm $heso
spatial predictign,mode 14 restored by the arithnetic decoding upit 27. A
swi tching unit B Sul 6t sEPSH dift pRERERE i 1 BT e e finf AR | AT 13
restored by the it nel) g G Ndo Ul e cdfedddS s gaphgdi ction error
signal output fromthe 1 nverse orthogonal transform unit 19 to the
out put signal fromthe destahipi 3 wiiltl Sdowobas ¢ Dvent pit tethelecoded i mage
21. The 13

3 operation according to the first embodiment.

First, the operation of the video coding

apparatus and the video decoding apparatus will be
outlined.

(1) Outline of the operation of the video

10 c¢oding apparatus -

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

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

The motion compensation unit 7 constructs the
temporal predicted image 8 based on the notion
vector SIWhen 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 iaput

i

4 P SV v o B e e e s e oy e - 33 R R
image signal 1 and the temporal predicted image §.
25  The subtractor 51 then outputs the difference, the

temporal prediction erryror signal 9, to the coding
mode determination unlt 1Z.

The spatial prediction unit lVa refers to the
input video signal 1 so as to generate the spatial

prediction error signal 11 by making a

{ad
i



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 opdration according to the first
enbodi ment. First, the operation of the video coding apparatus and the
be outli ned. (1) . Qutline of the

vi deo decodi ng 3@ aratus w || | ) :
operation of thé \ViHetPaAblieddishg?apPparatidd TheEnpdt 4 nBdy o9} ghaded s

input in units gf. gacrobl ocks derived fromdivision of individual video
frames. The notion estimation unit 2 of the video codi ng apparatus

estimtes the notion weet ebdltnd hoRcCAUL IBEL RLAGKH UshnE tihe é@i@'{:?;@ce
image 4 stored in the frane nenory 3a. The notion conpensation unit

constructs the fefgsicalcppeadbilet arf | cadeny kasearonrtt krondbdwck moyector 5

when the notjion detection unit 2 extracts 20 the notion vector 5. The
subt ract or r BEEATEL R Yt @phrat LRREG et ¢9Hd8 98 P dh R QmmAbAON
I

conpensation unyg 7.,a el er.m.nes_a difference between, the_input 4signal
and the tenpora? prgiﬁgﬁg és%gh ﬁ% %?hgoﬁéﬁﬁ%r%Tlﬁrggic ?%n?@rf%r signal 9,
to the node detgeMed@lddPb¥NihelZode mode WSt &PALNAL PELILGHION ynit 10a

refers to the input video signal 1 so as to generate the spatial prediction
error signal 11bgyngakinyg @f a motion compensation mode for coding
the temporal prediction error signal 9, a skip node
10 for a case where the motion vectoyr 5 is zero and
the temporal prediction error signal 9 has a null
component, and an intra mede for coding the spatial
prediction error signal 11. When selecting the
motion prediction mode, the coding mode
15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding,
When selecting the intra mode, the coding mode
determination unit 12 outputs the spatial
20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.
When the motion prediction mode is selected,
the meotion vector 5 1 ocutput from the motiocn
estimation unit 2 to the arithmetic coding unit 4
<5 as infoymation that reguires coding. When the intrs
mode is selected, the intra prediction mode 14 ig
output frow the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
regquires coding.

38 The orthogeonal transform unit 185 receives the



14 from spatially neighboring areas in a given video frane. The
codi ng node determ nation unit 12 selects a node capable of coding a target

macr obl ock nost 5 efficiently and outputs the coding node information 13 to

the arithnmetic coding unit 6, the node sel ected by the code node
nsation node for coding

determ nation unit 12 being one of a notion conpe ¢
the tenporal prelit8fPdn Br¥or repgidies, caddridp fute aberf rdbivasamostere t he
nmotion vector 5 j18+% . L he I diction error. signal 9 has a
nul | conponent, anb gﬁgﬁ%ﬁ?ﬁéﬁn&ésgg?fgbdgﬁééfﬁgn%b% ?aﬁlgﬂﬁggi&Pion error
signal 11. \Wen setReyong It her ARLIIT P £AECHLLUDSer hENG LOdi fg yyode 15
determ nation unit 12 outputs the tenporal prediction error signal 9 to the

ort hogonal trans®b¥hrdpint 115t nana foimgnado elift crieqi résteodiongt hhen
node determ nation unit 12 outputs the

sel ecting th% intra mde, the codin

spatial 20 prediEtBhi&prdOrsiyRat #f¢0 the orthogonal transformunit 15
as a signal that requik.es i ng, n the.notion prediction node is

sel ected, the notion }%lgt ﬁ%ﬁ?gzg\g}ﬁoﬁ FPam tlheg_ T F o to ané arithmet.ic
coding unit: astoxieiwidRE1a tAthns kol \WEBr 19 drs: Sgheat eddhechatra
prediction node 14 is output fromthe spatial prediction unit 10a to the
coding unit 6 a®iutifoyeeailorktdms foequivestcadi rnd guantizes the

orthogonal transform coefficient data with a
10 granularity indicated by the quantization parameter
23 determined by the coding controllexr 22.

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

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

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

25 that the guality ig improved.

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

30 guantization with the granularity indicated by the



30The orthogonal transformunit 15 receives the 15 signal that requires

coding fromthe codi ng node determ nation unit 12, subjects the signal to
orthogonal transform and outputs the resul t!&nt ort hogonal transform
coefficient data to the 5 quantization unit 16. The quantization unit 16

recei ves the orkggggnpg trapstermc N ta fromthe orthogonal
transformunit 15 and qﬁant?z%gegtéggﬁ%hgégﬁélQ?Fansforn1coefficient dat a

with a 10 granul arityrhedig@eed dyothBoqWwardi Zekhan rR3HAES ¢ 3% det er m ned
by the coding controller 22. By al'l owi ng the coding controller 22 to

control the quaftiPZ&dioh shepopiianeterl23xappfopni abe halabea thetaegn a
coding rate and 1g.gy3%u£y i S, ensured. Gbne[alyé, the vol une of
arithmetical ly E88eEFFiE &P ot BY S5 ¢ nBUERLASA GPBNPBUT® PavEegse
transm ssi ong i sgexa;ned p term ned.interval s t hat {he

guanti zation stgp pafhnetg%nzgggg g&?h@?e&ﬁ%?%&%o?ﬁéﬁ?@%ﬂ? 20 the

resi dual vol unet2énaffddye. data that remain in the buffer. For exanple, when

the residual volune 25 is large, the coding rate is controlled to be | ow
and when the residualThelambtebiings rehati ¥ ys shatt st e codi bgutatiase
25i npt The inverse quaptization unit 18 receives the orthogonal

transf or m coef f T §TRRE 2datF ad ¢ E 66 tHea PRaft ioAdinoh GRPR TEhanBogdlsirect s
the orthogonal ¢gppsfienmieefficient &@I@hé7s(ﬁé{yfr§%edicted inage
10 20 output from the spatial prediction unit 10a, in -
accordance with the coding mode information 13
output from the coding mode determination unit 12.
When the coding mode information 13 indicates the
motion prediction mode, the switching unit 52
15 selects for output the temporal predicted image 8§
output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
20 prediction unit 10a.
The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to

énerate the locally decoded image #1. The tocally

o

P

T g ot e opes e e e W I Ao o e T s PR S e e e aen
GLoGan wiHGde L1 s storeda Lo the framse meno Iy o4a

H

s

&8 the reference jmage 4 go as Lo be used for

motion prediction for subseguent frames.

The arithmetic coding unit ¢ subijects coding

Fik

data inecluding the motien vector 5, the coding mode

information (3, the spatial prediction mode 14 and

o8
T



30 quantization with the granularity indicated by the 16 quantization step
paraneter 23. The inverse orthogonal transformunit 19 subjects the
ort hogonal transform coefficient data subjetfed to inverse quantization by

the inverse 5 quantization unit 18 to inverse orthogonal transform The
8 out put

switching unit 5 e faQr t t.he tenporal. predicted i e
fromthe notion %g%péﬁggﬁﬂgﬁ”ﬂg?%Pghgr(¥H% %pggﬁﬁfgﬁygﬁi%?gg ﬁﬁggﬁolo 20
output from the epatépl RoAAiIN] | SR 3% ol BLAGHOTAMEL i Wdd §hEGodi ng
node information 13 out put fﬁ§%1the codfﬁg node deterninat%on un%t fg. When
t he codi ng node dud cewhpids ke ndbdanes tdweu bt ivim priedi triaorsDee i othhe

swtching unit 52 :E selects for output the tenporal predicted i mage 8
out put fron1the§ﬁ#'%ﬁ ¢dnpéEnddtd oROURIE SE e YnEA dafe Gk nd Srrode
t 52, selects for

information 4¢3 indica intra t he sw.t.chi ng,.upi
out put the s%atial prggﬁcpgﬁlfgéaeoggqgﬁ?ﬁﬁ?eF?éﬁfyhéggpgbﬁhF’ €Bredi ction
unit 10a. The addefobnqddpphbhetaus put signal fromthe switching unit 52
to the output signal fron1tﬁe i nverse orthogonal transformunit 19 so as to
generate the | ocally Heeoded timet 16 deddedlisg aniio bt neea ifwss Mahicon
prediction for subsequent franes. .

compressed video data 26 from the video coding

apparatus and subjects the received data to entropy

10 decoding described later, so as to restore the

motion vector 5, the coding mode information 13,
the spatial prediction mode 14, the orthogonal
transform coefficient data 17 and the guantization
step parameter 23,

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

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

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

oy TR AT o R TR s I A T S b Bt R g e o s
BOETCLON prediclion mode, Lhe moblion compensation

unit 7 regtores the temporal predicted image @

using the motion vector 5 restored by the

When the coding mede information 13 restored

30 by the arithmetic decoding unit 27 indicates the



The arithnmetic-4, 6 subjects 17 the orthogonal transform coefficient data
17 to entropy coding according to steps described | ater and outputs the
coding result via the transm ssion buffer 24@s the conpressed video data
26. 5(2) Qutline of the operation of the video decodi ng apparatus The

arithmetic decoding unit 27 receives the conpressed video data 26 fromthe

vi deo codi ng appa® Brés mardie subhectsp a héalegel w@ilcddtom tonént riopy 10
SO0 as to restore the notion vector 5, the coding

decodi ng described | ater, | )
mode i nformati o ABLOERS shhei 8Pt cPro imbed14made 80t hoybnal the
transform coeffiglient _da . t he nti.zation ste ar ter 23. 15The
i nverse quanti zat %ﬁiagi#ﬂfézéggﬁéb §n?§§ gﬁtH%%%ﬁgﬁx?faﬁgfgﬂﬁ?coefficient

data 17 and the arfienhezald AeSHAR AN @RLER 23 restored by the arithnetic
decoding unit to inverse quantization. The inverse orthogonal transform

unit 19 subj®ects 20 tRAeddrffiegenale thabekenmdoef Eipaitend 1datreedicare f he
23 thus inverse quantized to inverse orthogonal

quanti zati on step paraneter

transform When%Hd cbBing fobieei Hisamt Fof i1 regparadt 1§ cadetodhennH 27

indicates it hesﬁgé¥%£°5%%%E%@£8% unit 10b of the video decoding

apparatus is that, whi;e the spatial prediction
unit 10a is capable of performing a step of most
10 efficiently identifying the spatial prediction mode
14 from a variety of available spatial prediction
modes, the spatial prediction unit 10b is limiteg
to generating the spatial predicted image 20 fron
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 tﬁe spatidl prediction unit 10b, in
accordance with the coding mode information 13

: 20 restored by the arithmetic decoding unit 27. 7The
switching unit 54 then outputs the salected—image
to the éddér 55 as the predicted image.

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

5 image to the pradiction error signal output from the

inverse orxthogonal transform uvnit 19 so as to

obhtain the decoded image 21.

The dedoded image 21 is stored in the frame
memory 3Ib so as te be used to generate predicted

30 images for subseqguent frames. A difference between



predicted inmage B e notion vector 5 restored by the ic decoding
unit 27. When the coding node information 13 restored by the
arithnmetic decoding unit 27 indicates the 18 intra node, the spati al
prediction unit 10b restores the spatial predicted i mage 20 using the
spatial prediction node 14 restored by the arithnmetic decoding unit 27. 5A
di fference bet wddif theddpatiedio hredi 8 didint® 642 %%° the* Vi §&6 codi ng
apparatus and t spatial prediction_unit .1 of, .t [ i n
apparatus is t hgfi,isf\?%lit?%c?he espwa??%l téﬁed’ilccgg%ncﬁgﬁt%%oa%?ggggggg%l %ngf
performng a stemedfy 1®sd 4@ Rfdi:04 ehblbk dakens i byishe dder st s PL QG ction
node 14 froma variety of availablé spatial prediction nodes, the spati al

predi ction unit theb niesméxrmeted to generating the spatial predicted i nage 20
predi ction node 14 that s given. 15The switching unit 54

fromthe spati al ) ‘ ] t
predicted i mige 8 restd) eBrddiiptrichei 69 UMY 206 4920 Festored by the
spatial accordance wihsthe qodi ng,2Q HeSIOLRANRY t NEod bENEBY En of

arithmetic coding and decoding according to the

t enpor al

features of the present invention. A coding process
is performed by the arithmetic coding unit 6 of Fig.
10 "3 and a decoding process is performed by the

arithmetic decoding unit 27 of Fig. 4.
5 shows a construction of the arithmetic

5, the

Fig.
coding unit 6 of Fig. 3. Referring to Fig.
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 ipdividual types of coding - -data including the
motion vector %, the coding mode information 13,
the spatial prediction mode 14 and the orthogonal

trangform ceoefficient data 17. The binarization

gl 28 convertns wmultilevel

f

25 a binarization rule determined Yor sach oI tynpes of

coding data. The probability generation unit 30

assigns a probability of occurrence of bilnavy
values (0 or 1§ for individual binaxry seguences

after binarization. The coding uvnit 31 executes

30 arithmetic ceoding baged on the probability thug



selects the tenporal by the notion spatial predicted i nage prediction unit
10b, in node information 13 decoding unit 27. The switching unit 54 then
outputs the selected image to the adder 55 a8 the predicted i mge.

The adder 55, receiving the predicted image fromthe switch54,the 25
i,nverse orthogonal transformunit 19 so as to obtain the decoded inmage 21.
The deeoded i mag8®3Eradad oreli®i & e G+ 5FbCRedrybed GEEF &0 Yenkmdtle P% ed
30 images for su t fr S, :A.diff C et wee « 1 fr.ane
menories 3a and gﬁggg%%esst s@?% f‘ﬁ@lg\quf f@%ﬁcgh%eta\‘/\\/%éﬁhpﬁgl\ﬁ e%dé‘&ﬂ ng

apparatus and t hehyuhdeo péecnds penarpratdscbasraaidvel wakesting the
menories. 5(3) Arithnmetic coding and decodi ng A detail ed description

wi |l now be gi vepon$ tatintthimeg i ¢ todinmsg iomslidecedi ity atcohdi ginbdnighe

features of the present invention. A coding process is perforned by the

ari thmetic coding uni £ 0of F1§. & IHPWChadta SdetbHR dg PFAGE$%ePs perf O med

by the arithneti i.ng i 7 _qof. (Fi Flgy: 5. S qéﬁ constructign

of the arithneti%éggg?%sﬁuﬁﬁg éhéfa&?&ﬁhg?tégfé%g?%ggtg |g§358%tﬂglg' 5"
1) Context mode determination process (step

ST1).
A context model is a model that defines
10 dependence of probability of occurreﬁce 0f data
symbols on information that causes variation in the
probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the
15 probability.
Fig. 7 illustrates a concept of context model.
In Fig. 7, a binary data symbol is assumed. Options
0-2 available for ctx are defined on an assumption
that the probability state of the data symbols to
20 which ctx is applied changes depending on the
condition.
In video coding according to the first
emhodiment, the value for c¢tx is switched from one

to another in sccordance with interdependence

25  between coding data for s given macroblock and
“oding data for & nelghboring macroblock.

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

30 Adaptive Arithmetic Coding”, International



arithmetic coding unit 6 conprises a context nodel 15 determ nation unit
28, a binarization unit 29, a probability generation unit 30, a coding unit
31 and 'a transm ssion unit generation unit2B5. The context nodel

determ nation unit 28 determ nes a context nodel (described |ater) defined

for each of 20 | gldual types_of codi ng-data includjng Ehe noti on vector
5, the coding m3 ?ﬁ%Pﬁ€U9ﬂ1%%athg@ﬂﬁﬁ$%Fn&%%ﬂ%%roﬁ‘ﬁn&??&@ﬁﬁd t he

orthogonal L1 ansie(d cHELL! alientc fabantedhe Rardgapiendunis, 29 converts

mul til evel detain accor ance a eacn of  cod

probabil ity genaraaid@mn gokt, 30 assi gns a probability of occurrence of
bi nary values (0 or 1) for individual binary sequences after binarizat on.

The coding unit 31 ex%@ﬁf-‘e‘s-‘m ardt Kiwt.i B cofler @BiigenedateduoThen
transnlsS|on unlt t|on unit 35 indicates the tlnlng when t he

arithmetic codin Cpeb dﬂedaam9?km§tW&ﬁ§PﬁaP edictfpat it uting
a transm ssion !é'% %Latm\rr@EéE(??dln% d?'f:!f%rgfh*é I@Q&E&nﬁg’\%nﬁ%processes

performed by the arithneti g unit
det ermi nati on preeess: (séepb3bbk A saat %tiﬁEQ§|cﬂ150@ gRdeledMagrdgf i nes
10 dependence of probability of occurrence of data synbols on information

that causes var i&fi gpdtmiaheneighbors, is coded. ctx_mvad(cC, k)
indicates a context model.

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

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

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

cggtimate,

o

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



probability. By switching between probability states in accordance with the
dependence, it is possible to performcoding adapted to the 15 probability.
Fig. 7 illustrates a concept of context model. In Fig. 7, a binary data

synbol is assuned. Options 0-2 available for ctx are defined on an
ols to_ 20 which

assunption that the.probabjlity state of the data sy
ctx is applied & ﬁaﬁgnéfﬁﬁiohh hglgﬁﬁbi?? g E””?aygg“§idﬁﬁjcéaﬁhg
according to the,fidiste£5R0 ié%?g- h I f I S; Ut om one
to another in acég} aﬁ%eggdt etﬁ% nﬁgg i%ﬁ’é@giﬁgéaéﬁé %%ragﬁﬂﬁi%ﬁgoring
maor obl ock. Fi gap®add skl atres: arb exanp! aodfe Loakexirnmdet ibar v 1Pt hgn
vector, the exanple being taken fromD. Marpe et al. "Video

Conpressi on Usi A§ &dt ex¥ iBhged B30 pddpnovanstt et & Gpdi hg'selects a
i nternation 21 .Canf erence on. | mage, Processi ng .2001.  The context nodel
here is rel ?vanf“ofigia cﬁ%fi‘“ﬁﬁc\/g&%rgi RYBem@dr 0‘588&9.9 RA%?ting to Fig. 8,
for coding of a MOti eyection, from a context model, a probability

estimate variation is described as a probability
generation process in 3) below.
2) Binarization step (step S5T2)

10 The coding data is turned into a binaxy
sequence by the binarization unit 29 so0 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 872)

As a resgult of the processes 1) and 2} above,

2k binarizavion of the multilevel coding data and the

satting of a context model appiiled to each bin are
completed. The bins are now ready for coding. Each
context model inciudes variations oilving an
estimate of the probability fox 0/1. The

30  probability generation unit 30 refers to the



5 vector for block C, a notion vector prediction error nvdk(c), a
di fference between the notion vector for block C and a prediction thereof
fromits spatial neighbors, is coded. otx m(C, k) indicates a context

nodel . 10nvdk(A) indicates a notion vector prediction error for block A and
I on error bl ock S. nvdk(A)

mvdk(B) indicate notion ,vector predic . ,
and k(B are oeBiRRS BRIRL ARt P e R Y Bartucka T or
switchi ng bet weegef0ph g%t ﬂ}p@e{)%b%ﬁm@w%ya&%d@@ﬁceke@ dﬁg?' gates a
variation in notion vectors in the neighbors. Generally, if ek(C) is small,
Is nore likely

mvdk(C) wi || haveaahshéhl. magnitude. If ek(C) is large, it
that mvdk(C) w Il have a | arge magnitude. 20Accordi ngly, the probability of

occurrence of synbol sFRA -mAIKE DPWENGH ¢ HE8P L Be adpt § Wiz 8F Pdstledn vald(u® . A
cont ext nodel. is o] redefi ned sets. qf variatiqns, of prohability
5 it RELeto P Rl o8F el o A B SRAbRbEEYEy T Asi de

estimate, In"thi

fromthe notion é&ﬁﬁiﬁil?&?{ %n&?g€|i%na_ﬂ€n gef hpedid o8 rf9dRg Gt a
i ncluding the coding . nodl3spatial prediction node 14 and the orthogonorm

coefficient dat@®vElua®@d value such as ek(C) shown in Fig. 8 for
selection of the probability. The probability

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 S8T3I-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 ox 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 unsed (step ET5).

Z25 For exawmple, Lt is assumed, Lhal, wiben a total

of 100 bins have been coded using a variation of

probability estimate in a2 given context medel, the

¢

{reguency of ocouryence of (/1 under that varliation

of probability estimate is 0.25, 0.75. When 1 is

30 subseguentiy coded wsing the same variation of



coding unit .6 of the video coding apparatus and the arithnetic decodi ng
unit 27 of the video decodi ng apparatus. The context nodel determ nation
unit 28 of the arithnmetic coding unit 6 of Hig. 5 selects a 5 nodel defined
for a type of coding data. . Sel ection, froma context nodel, a

probability estimate .variation is described as a probability generation
process in 3) bePbPabylpityardtatinahest dftg stepaserr vioTheCtsdirgedata i s
ri.zation unit. 29 so _that a context

turned into a bipary sequence by the, bina
nodel is appliedgfoyeéghuglﬂﬁfﬁ¥nﬁ?yL%chégr%n?ESPaFﬁﬁlh?%a?f sequence. The
rule for binarizgéd@PrbAckn odCqPf flanee Wyddt ddecgenerad 7 150di;siy i bution of
val ues of the coding data. A variable-léngth binary 'sequence results. By
codi ng each bi n Asrs¢ ediingf tdi rdris ymeohjaectidmg ehé inuldnt eveld iangli ng data
to arithnetic coding, the nunber of divisions on a probability line is 20
reduced so tRat ¥Hptedttontihe Aaphpli erobpluslibynaf Z2eFsA teasca merit

of sinplifying cont.ext nodel. 3) Probability generation process (step
ST3) As areSLHtzb%égaﬁgﬁﬁ?ocesses 1) and 2) above., setting of a context

nmodel ap'n bin are cogpl £1-¢dhnkhe; 8 E}_%d%f%“Oc_)f\éf;@%)‘céc?rbgo@'w-c%aﬁg
context nodel includes variations giving an estinmate of the probabi |§y for
0/1. The 30 probabid ixly Hemer ahiconodihg3@atef €33 (0 tdwe 133 iscond@Xxtonodel
determned in step STl so as to generate the probability of occurrence of

0/1 in each bi nthe Jranambhsian axanbl 6eserafclerarmetiedd fakms 5 ek(C) for

SE|ECt'On(¥0thﬁu8%%%T%£é&yinI@3data constituting a transmission

unit as described in 6) below (step 8§T6).

A determination is made as to whether the
entirety of a binary sequence (bins) of the coding
data has been coded (step 8T7). If the coding has

15 not been completed, control is returned to step sT3,
where probability generation for each bin and
subgequent steps are performed. If it is determineg
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
seguencas of coding data intoc a single codeword. i

25 special consgideration that should be given to g
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

20 and frame-by-frame display. Therefore, lt is



probability generation unit 30 determ nes the eval uated val ue such as ek(C
shown in Fig. 8 for selection of the probability. The probability

determ nation unit 30 accordingly exam nes dptions 10 available in the
context nodel referred to and determ nes which variation of probability

estimate is to he used for codi of, .a current bin. 4) Coding. process
(steps ST3-5T7) AL H T a8Y itoof:”cP%’étélfé’p %)l?o‘fﬁgaﬁ%ﬁ)a%{i‘l’??i} %f’:pal%es in
occurrence of 0/l f i i Gy codi i { 'ryy% -
identified on aE%?%baﬁ???%élﬁ$£é35§égg$ﬁ#%él%?L?%erggﬁ%géﬂkﬁt ?Qgefgorns
arithmetic codi myplasigipsgined: Wi hok@far eneg€iboduhe rekahedsart (step

8T4). 20The actual coding data 32 (0 or 1) is fed back into the

probabi | ity gen&@cdtG®munie 3md Therf tdguancyposeoedurrenketof 0/1 is
counted to ugda_e t he variation of robabilit¥ gsting%e in the context
node) used (ste%r§ﬁ§m%&%hBHMrE?%a BURLHT ON 8f Bhr i FEA S FdP8 in a
given context MRSl HaRe lEEIUENGaPEGLQondf PREBARMILY ERLUMLE. chig
frequency of occufrence of 1 is updated so that the probability of
occurrence of Okl firmntpdag 8dek@nth R4 70 £0.5/f2- £ Agger aimpt t O st KxfowRChanizsm
efficient coding 5 adapted to the actual probability of occurrence is

possi bl e. An ar FLAMEt istwgbu3d goneduced by t asospding anpt Wla ¥ ibm vlfe

coding data 32 $gcggﬁpoé€sfggiﬁéster 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 headex

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 payioad in units of MPEG-4 slices [(vigeo
packetsy.

RTP packets are Lransmitted ag UDP packets,
Since UDP does not support retransmission, the
entirety of slice data may unolt reach a decoding

30  apparatwe when a packet loss occurs. If the coding



the transm ssion unit generation unit 35 and 10 nultipl exed into data
constituting a transm ssion unit as described in 6) below (step ST6).

A determnation is nade as to whether the ehtirety of a binary sequence
(bins) of the coding data has been coded (step ST7). If the coding has 15
not been conpleted, control is returned to step ST3, where probability

generation for e3&EhSHPF CatEBubEedGentd &t Bpd Sar® PEFOPRESF. A% it is
determ ned t hat i roge i Sy L ted,. a r L SSion unit
generation pr oce%gﬁagggﬁr}%e'g %’8 g?elleov(gjié;g%’lérglegﬂr red-C ¢ AP r a%% ssion

unit generation PEEEEIRH StLPFoSTELuIID LA blitneti€ €REI B&AHIERR R
plurality of of coding data i ntocodeword4 is that a decoded i nage shoul d he

created in unitssbictrdms socrthae atf radme decorddreg. aphiagstsdoasise a vi deo
signal is characterized by notion prediction between franes 30 and

frame-by-frafe dtePR&Y* Yherefore, it is 25 necessary to identify a
boundary between fra i rithoetically,c re a.. Fo ur pose
of mul tipl exing mﬁthngﬁﬁgﬁ#ﬁ%%iﬁe gfglku%ﬁ ggpdgggggggg&btﬁ%déP%ES?ﬁe
purpose of packeinhdttaapsPisaPns 158 CONPpespRd tatdebbudd agm;gs on nay
have to be partitioned into units smaller than a frame. An exanpl e of
sub-frane unit iemkihoehyawidlsiutcersisructing productedibyegrdmpendeace.

plurality of macrobl ocks in raster scan_order. .
For example, it should be ensured that Slice § is

10 coded without using information of macroblocks
located in Slice 3 above or Slice 4 below.

For improvement of axithmetic coding

efficiency, however, it is desirable to adapt the

probability of occurrence of symbols to suxrounding

15 conditions or to maintain the process of dividing a
probability line. To code Slice 4 and ESlice §
independent of each other, for example, a register
value representing a codeword of arithmetic coding
are not maintained when arithmetic codding 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
impessible to expledit correlation that exits

Silice 4 and the head of Slice §,

& ragulting in 2 lowey coding efficiency. Thus . a

general practice in the design Ls thal resilience
to unexpected loss of slice data due Lo
transmission errors 1is improved at the cost of a
decrease in the coding efficiency.

20 The transmission unit genevration unit 3%



10Fig. 9 illustrates a slice structure. A macrobl ock is encircled by
dotted lines. Generally, a slice structure is used as a unit for
resynchroni zation in decoding. In a typical2z7exanple, slice data are napped
onto a payload of a IP 15 transport packet. For real-tinme Il' transm ssion
of nmedi a data such as _video which is relatively | ess tolerant of

transmi ssion del&&0re &aB- tomd 19 ahspsitt PHRDEBEERIFOY 96t én 8Bk dAn

RTP packet has a tinme stanmp attached tQ_its heade 0 Lon.. ice data
for video may beanr%pap’édaBHta&-aécupsay Dhd lﬁ“@rﬁ?%ﬁggo%ht%r aﬁﬁ%%g&%ﬁiﬁ%rc%

exanpl e, Kikuchiyd 8bsigRTP Mo 0dde EQieiRia 1 04 , MilRerde Atide o/ Vi sual

Streans”, RFC 3016 describes a nethod for mappl ngconpressed video data onto
an RTP payl oad ippsamili SPVEG 4 5llices viiled paekdtsp P packets are
transmtted as DP packets Since UDE does not support retransm ssion, the
entirety of %l d&atblpdjonoetctich aSdécddr a§e3d aSPar at us when a packet

| oss occurs. |f ,the codin 26 of subsequent. slice data.is. jtioned on
i nformation of the di %%?gggngﬁ é’e‘?t%SS oﬁsﬁ% %Sdgigog}oﬁtg éss‘g%%'igap%gg?bl e

even if the subggquent shi¢¢ daha f{£bMe at the decoding apparatus 5
normal ly. For this reason, it i$ necessary to ensure that any given slice

is properly decoded iwhéhsténrt igpetyiiflhcyt o€sdotssngefosdaye data is

i nt er dependence. .

high, interdependence between slices may be

10 disregarded so that the coding efficiency is
adaptively controlled in units of transmission.

The transmission unit generation unit 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 uniﬁ generation unit 35 generates
transmission units by partitioning the codeword of

20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the

input of the transmigsion unit designation signal

6.

o - " 3 . % i &~
More specifically, the transmission unit

bt

25 genaeration wnit 3% multiplexes the arithmetic code

33 derived from the coding data 32 seguentially
into bits that constitute the trapnsmission unit
(step $T6). The transmission unit generation unitc
35 determines whether coding of data fox

an macroblocks that £it into a transmission unit has



For exanple, it should be ensured that Slice 5 is 10 coded w t hout using
i nformati on of macrobl ocks |located in Slice 3 above or Slice'4 bel ow

For inprovenent of arithnetic coding effici2éncy, however, it is desirable
to adapt the probability of occurrence of synmbols to surrounding 15

conditions or to maintain the process of dividing a_probability |ine. To
code Slice 4 anBes @ ®p i Adesendent & of eaadm ot her thort BasBi-€ ® P regi st er

I ti d ,Of i thoeti dj t i .nt.ai wh
i Lhmet c. ool ROL GHbL 3040 HLYBBRoGE | oF SPce iF 1 WhaR dibat ror |

Slice 5, the regi%l8inisekesthd Q:@@ihPi talp sl alie 9@ thaf i gednNGH £S5,
restarted. In this way, It is inpossible to exploit correlation that exits

bet ween t he ern$rafssliceidnamd itthehheadodf Btevecbuplestedi | cganteral
practice in the design is that resilience to unexpected |oss of slice data
due to transhi sdForedryonedi §o MirewedTat Stohetkakt the AYeRFBIS t hobhe

coding efficiengy. 30The transm ssjon_ynit .gener tkpqﬂHggg 2L accordi ng
to the first en%%dfmﬁﬁn$ﬁ6§iHﬁgﬁgiH%?ﬁogﬁﬁﬁF%%ggppara s TOr inproving
the adaptability.ofthggesign. Mre specifically, where the possibility of
| oss of slice data due to 5 transmission errors is extrenely | ow,
i nt erdependence bet wadtes! ieces d sdederaiisreayacted Wmheisofahigy texpboiifled.
When the possibility of loss of slice data is, high, interdependence between
slices may be the entirety of a transmission unit is complete,
10 the transmission unit generation unit 35 constructs
a header for the subseguent trangmission 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/decoeding to

- LR 3 S - ot o B P - 3 w N : o
builad/deconpose the next transmigegion unlit, only

J

2%  when the register reget flag indicates tipat the
register should not be reset. As shown in Fig. 5,
the initial register valilue is provided as an
initial register value 34 fed from the coding unit
31 to the transmission unit generation unit 3%,

30 Fig. 10 illustrates a hit stream generated by



10 disregarded so that the coding efficiency is adaptively controlled in
units of transm ssion. The transm ssion unit generation unit 35
according to the first embodi nent receives %4? transm ssion unit designation

signal 36 at the end 15 of a transm ssion unit. The transm ssion unit
signal in the video coding

designation signal 36 1s,provided as _a contro
apparatus. The Eﬁﬁh§%§%§P§ﬁ2ﬁﬁ?tcﬁgﬁggaﬁﬁ&ﬁ:u 't 35 generates transm ssion
uni ts by partitioni ngaghgpeaaewos drdly .20 d hes 8 TR §e £06R 33 Fopel ved
fromthe arithmetic coding unit 31 1n accordance with the timng of the

i nput of the traowmpssswvadumiildaess phati @ tsa ghak 13@es vedstilied rana £

mul tiplexes the arithnetic cede the coding data 32 sequentially into bits

that constitut e PRE 4 rEw8 N e€Sidit @hi Fepsitef 1518) depie thafsAnsdiloh unit
30.macr ob| ocks

generation upit 35 determ nes whether coding of data fo
Phat 11t in To APP¥ANort Bel af AL Fag2 50 et L Bsmsl Cl LAPLEYAbr b EPng ¢ 0
the transm ssiogpenigi est 9RAM Uh B) IRRELn3& St 8BS Eer WHEB ot f8ag

determ ned that coding to build the" entirety of a“transm ssion unit”has not
been conpl et ed, inddbradled thanettth@edeydsiteep Skbdudd tdat bke rédeier M nation

of a context nodel and subsequent steps are perfornmed. Wen it is
determ ned that the dbdiigthe mAddedt hefomyakignofdes ¢¥ARSS sdioneunit is

conplete, 10 the transmssion unit genecation unit .35 constructs a header
For Tt he subsequUaht CBraRsTt bLF8n AR CEBE L ads Ak boa TiamBir | SPefodidiy Lo
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 carxried in a .
separate bit stream for offline transmission and

20 the compressed video slice data may have attached
thereto ID information referring to the
corresponding slice header data. Referring to Fig.

11, the stream isg transmitted in accordance with

the P protocol. The header data is transmitteg

using TCP/IF that providaes relatively bigh

[
o

reliability. The compressed video data is

transmitted using RYP/UDP/IP characterized by small
delays. In accordance with the sspavate

trausmission scheme of Fig. 11 forxr transmission of

30 headers and transmission units, the data



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

val ue, which 15 designates a probability |ine segnentation status, i.e. an

arithnetic coding process for codeword reprsentation, should be reset in

the next transmission unit. In the initially generated transm ssion unit,

the register re Lag. s set_ 20 tg indicate that the register should be
reset. 2%@%%%% uﬁrlo{\’/? dgghzgjlﬂﬁ’rﬁ[ﬁ aF%reéigimsotiér!%al ue, which

indicates a regigdes;vabHeat A P& Usedcl@ Start arithmetic codi ng/ decodi ng
to buil d/ deconpose the next tranonly when the register should not be reset.

As shown in Fig, 5, theeipiftidliceg dherioml e regriovesedesstaniagi bifal
register value 34 fed fromthe coding unit 31 to the transm ssion unit
generation unit 3EeXSHREREE AT uctPREEE Ta MRd e 40 r OARYRARr &t A ARP 29 the
conpressed vided St £atad MoimRst st el B B Tegi ster reset
flag described neighbox fREVArddle t Ehah /SOt BREr detid@ifyl tagy exed into
the bit streamonly when the register reset flag indicates that the
regi ster shoul dsidcebearske. r\simedie iaddgdndéokmati drhdesdticdhed above,
glices. This will bring about a drop in video
coding efficiency.

10 Once it is ensured, howevexr, that the initial
register status is transmitted over TCP/IP, as
shown in Fig. 11, video signals may be coded by
fully exploiting the available context models in a
frame. Resultant arithmetically coded data may be

15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes 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. 172, =a

L T N U P T .
Andicate whelher &

B
£

layey above may be usad Lo
syntax comprising the register reset fliag and the

initial register value is toe be used. Filg. 12 shows
& register veset control flag, indicalting whether a

syntax comprising the register reset flag and the

36  initial rvegister valuwe is to be used, being



slice-to-slice continuity for arithmetic coding is 10 nai ntai ned even when

| oss of the preceding slice occurs, by using the register reset flag and
the initial register value included in thélcurrent slice header data.

Accordingly, the coding efficiency is prevented from becom ng | ow. 15Fi g.

10 shows the slice header data and the conpressed video s|lice data being
mul ti pl exed i nt SMHetREFESHi t16te et BAREEr (it F368P§S 4 shoWddSP Fig. 11

t he slice header y ‘g LN SEpa AL e it,s am faor_ offline
transnisﬂ(wlanﬁ%ﬁ?%ﬁ%gcgggégké%ﬁgiéegiﬂ|ce d tgqégf %@egﬁﬁéﬁ%éd
thereto I D informatiorofebamnigbe | Owhis Gl respasdi-ig shéae theadefpdat a.
Referring to Fig. 11, the streamis transmtted in accordance with the TP

prot ocol The he&darcwdiat ugund iret | bbi Lowy agdvisleab llet ¥ ideansmitted using
RTP/ UDP/ I P characterized by small delays. ,In accordance with the separate

30 transm tted (SNSRI LDP/ MO 3heR® RBE SUL farkY t FOREE T heBtdiM ces.
e Ehtcos, VTR LS LES o BAGALd 18 SRRIIeRRE i
nei ghboring areaset @ eyt €xt hals SkeCOIhRGNOrEBag is set to indicate
that the register is always reset at the head of a
slice throughout the video sequence. In this case,

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 pbe 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 decgoding unit 27 compriseg a

gation unit 37,

E;J«

transmission unit decoding initial

£5 # contert mode! determination wnit 28, =B

binarization unit 29, a probabllity geéneration unit
J30 and a decoding unit 38. The transmigsion unit
decoding initialization unit 37 inpitializes, for a

transmission unit received, an arithmetic decoding

30 process, bhased on added information related to an



slice can be resuned i ndependent of the other slices. This will bring about
a drop in video . coding efficiency. 100nce it is ensured, however, that
the initial register status is transmtted pver TCP/IP, as shown in Fig.
11, video signals may be coded by fully exploiting the avail abl e cont ext
nodels in a frame. Resultant arithnetically coded data may be 15
partitioned for a¥hbkpetironqting todRTIMphieketi Zat ipnheadesr-di®geto this
separate transm ssion schenme, the fruit of, arithnetic cg&%ng,prpcesses is

consi stent |y obtHHe® i PREGE EF h§TRAPEEY by the TOndFERSASL e uFPENg in
SLeLemy ! . . . f
acircuit. 20 Tthcﬁ)';‘?é o5 £ %th',t f.té?a?g%rnﬁfggnﬁ‘s%%héPetﬁ%”ﬁﬁéf‘%thsgﬁ

the slice structure can be transmtt ensuring a relative

degree of resil vtk 05 pr £@kS.cdding aldds Nph F¥emdppi@achisha e above may
he once to indicate whet syntax conprising the register reset flag and the
initial regi3tespadielipredist isednbide 1P showdea oxghougemaleset control

syntax conprising the register reset flag and the initial reqgister value is
to be used, beiﬁ%anF?ﬁﬁtFBPé&ﬁF?ﬁpﬁ'égﬂﬁﬁdEF Aft dcheet EeF tA%RY by

sequence conpri §i . plurality of vj ‘ S r é%mgle, when it
i s determ ned t%gi&t elp%‘i rghi ttasq(t}é?i §§%%srf#%€vgaﬁdc§tna ?ggvfugeo /
transm ssi on nayhae ga0Isy bt BebY LOBST Sberitd &?ﬁatr'faiﬁ’tgs regastares ¢ haewghout
a video sequence, the register reset control flag is set to indicate that
the register isdgbwslisng esppaatatthe, hdad dfha $teod ihiedghywe + HBhei deo
the initial register

PR S IR UL TR SRR AR M
defined for the identified decoding data type. The
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the

15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient

20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.

Fig. 14 is a flowcharxt showing a process

performed by the avithmetic decoding unll 27 of Fig,

7

13,

6) Transmission unit decoding initialiszation
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 reglstey reset



By controlling register resetting on a video sequence |evel, overhead

I nformati on otherwise 15 transmtted for each slice is reduced in size
when, for exanple, a specified circuit condiizion (for exanple, a specified
error rate in a circuit) persists. The register reset control flag nmay of

course be attached to a header of any desired video 20 frame (Nth frane,
144-1th frame) ifdad vigéotsequentcelalki gedB3s showyadn g nd ér iall topsexect | on
of the arithneti.c decoding unit 27 of Fig. 4. The arithneti¢ decoding unit
27 conprises a &'¢EatREFR t&""ﬁ’i%ﬁﬁéi’i"oﬂ"%ﬁ SY§N 25, HbEBNGS y §EREr at i on
unit 30 and a d j \N Lt : et 1 S84 Ids [ )
initializes, fo?ngi%gngﬁksgi Hiﬁggf %%%ggae%%anﬁg?%%ﬁﬁg??ggggg%ﬁ%ﬁ&réo
process, based aneaddagisober Ratiwe bLalateot tegamhe3Zr At hier®ld Cosadinid
and included in a header. The context nodel determ nation unit 28
identifies the Pyp&esfs dhvareises. odenpitfyiWwyenhshicerremdsistt onaveet ds 5,

the CodingrmMerggE%nmﬁﬁgni%itfgf register value 34 is not used.
7) Context model determination process,
binarization process and probability generation
process
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
§T1~ST3, respectively, in the flowchart and the
15 description thereof is omitted since they are
similar to the context model determination process
85T1 identified as the process 1), the binaxization
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 8S7T11)
The probability of occurrence of bin to be
restored is identified through the processes 1)-7).
the value of bin

B 0 SRR TN SR PO N - . R
The decoding unit 38 restoves

YA (step 3711y, in accoydance with the avithmetic

3

decoding process descyibed with reference to the
related art. In a similar configuration as the

video codling apparatus, the decoding unit 38 counts

the frequency of occurrence of 0/1 80 as to update

20 the probability of cccurvence of bin {step 5T5).



5 spatial prediction node 14 or the orthogonal transform coefficient data
17 is to be restored by decoding, so as to determ ne a context nodel,

shared by the video codi ng apparatus and tRé vi deo decodi ng apparatus, for
the identified type. The 10 binarization unit 29 generates a binarization

rule defined for the identified decoding data tyge.,The probability
generation unit B¢ J8RALAE Prddabt Bi £ 2 Gectr PEACESofH RBcK aiYe (9for 1)
i n accordance wit.h the binarization rule and.the. ont. |... The
decodi ng unit 3§”%eﬁ%ﬁ¢%r§9iﬁ mgﬁ%ngégﬁt%FE§§é§ %Jﬁ#ﬁ%ﬁ?g%gﬁ ?%y t hus

generated so as ph@ téasi M &L hed" Py 0bh¥eqliofa diz 8¢ 0a0diuIge Mpde dinf or mati on
13, the spatial prediction node 14 and the orthogonal transform coefficient

20 data 17 in aé@dr2dance with the binary sequence resulting fromarithnetic

decodi ng anq“the bi nari zation rul e. Fi%“ 14 is a flowhart show ng a
process y the27 of FITAzthe valugy qfaRdf gBRCHR%t dedFngontirmed

process 'y t! 18 PRROBAR doctilbngon i ened
init 58 1o i it R Aoar et oraTaben e PRBHG A E e B tY, WG AREOTTY,

val ue 34 nul tiphexe@rintde£prBat ANSThESLAM AW SaBleh 3t Pesl kR (Step
STIO), the register reset flag designating whether the register val ue
i ndicating the protheset icdentifides procesep STesébrogarntraWiay ttiee
regi ster value is reset, the initial register value 34 is not used. 7%

Cont ext rodel de¥ePaPAdilitah HPEcOYs Bfngacinth b BREcdde afld PFasientity

generationﬂycmsggcesses are performed for a second time (steps
ST3, 8T11, 875, 8T12)Y.

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 arxe performed repeatedly until the entirety of
transmission unit is decoded.

As has been described, according to the first
embodiment, for transmission of compressed video

3 * - - 3 - s o,
ansmission units such sg sllices, the

o

data in %
2% slice header data has the reglster flag and the
initial register wvalue 34 attached thexeto, the
reglster reset flag designating whether the
register wvalue indicating the arithmetic coding
process is reset oy not. Accordingly, it is

0 posggible to perform coding without loging the



10These processes are performed by the context nodel determ nation unit 28,
the binarization unit 29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as 8feps ST1-8T3, respectively, in

the fl owhart and the 15 description thereof is omtted since they are
identified as the

simlar to the c xt del determ nation process, STl £
process 1), the %?%g%P¥§3ﬁbﬁ’gr%§855x§fﬁuﬁﬁgﬁfgF%ébl%% PhESibtesd and
the probability geaengt e R OcRSS IE3 ndepthhingd as,RP1khg rocess 3) in
the video coding apparatus. 8) Arithmetic decoging process 8step 5Th)

The probability oésbdtéencenass of r Ahsntios beonestrareads | $si dewplddved .t hr ough
the processes 1)-7). The decoding unit 38 (step 87211) decodi nhg process
described with rHePehes of trrswékandd epdes| s alv9| BPSEdH I gurati on as
the video coding appacatuys, the decaoding unit 38 counts the frequency of
occurrence of 0/1 so ;E 3%“%p F%Eréﬂﬁﬁ??l§?§ff B4® ﬁgedéﬁﬂﬁ?h Ut t1 B8

further confirnmgd I (oY b P ay 1§ L i bi y
denval He ﬁ}ﬁ%gﬁa@%f&n anc&rrpagsiaagyfgw@l@ qi,fagthe

series pattern defined by Inarization rule (step

val ue of bin regtmreshtsinetetondhr ied apual LegsWhpbicabipariccoa W th the
binary series pattern defined by the binarization rule, the process
identified as sC&BIBuratiganckat whd athea py dB&l 1§%§Me oA 60/ of each bin
and the subsequent. .10 processes e perforned for a second tine (steps ST3,
ST11. STS, 8T12%yaﬁ%mfssmon tin L ¢

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 upit 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

2
L

coding efficviency for blook O, information on the
motion vector for block B above block ¢ 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



If the value of bin restored is confirnmed by successfully matching it with
the binary series pattern defined by the binarization rule, the data 15

i ndicated by the matching pattern are outpuit as the restored data. If the
decoding is not conplete for the entirety of transm ssion unit such as a
Slice (step 8T13), the context nodel determ nati on process of step ST1 and
the subsequent proceE8e8e2d 4t & PP RBrded ¥ eDLalEFV UMRTF t he entirety of
transm ssion unit is %ﬁﬁ%d%ﬂéa Qﬁgtbqﬁnadggg&hgpqafgggggg%gg {9 the first
enbodi ment, for transm ssion of conpressed vi deo I'n

transm ssion uniltseSHEA an @ iFESighhandata PRe phevaeisiter dfag and
t.he. valueter 34 attached thereto, the t flag designating whether the
regi ster val ue iosdiyraenciet iretddapbilved yyroebegmigiadses 18y fotcontext
Accordingly, it is possiblet losing the 35 continuity of the arithnetic

codi ng proce%s. %oding efficiency is maintained, while the resilience
to transm ssion errorg _|.S.l d. cqgi f sl tc%ﬂﬁ§ k | so
possi bl e. In t%gbéfﬁgpﬂgﬁgbdFﬁgnggh%gg i Co str%@?hre I's %%é&%% as a

transm ssion unimlet¥d eanat avelappdPecRkesit hRyeriv Digi shequal |y
applicable to a configuration in which a video franme is a transm ssion
unit. 10 Secondadmydchimbhity of timeafiesrnm i v@heofadgiunat edfiofiehey
arithmetic coding oM unfoh"ne % AinsnTss fon Gade'd 8 bbah 1
10 adaptively controlled such that the slice~to-slice
interdependence in respect of arithmetic coding is
be disregarded but fully exploited in a case where
the probability of loss of slice data due to
transmission errors is extremely low and the slicew~
15 to-~slice interdependence may be disregarded in a
case where the probability of loss of slice data is
high.

Fig. 15 shows an internal construction of the

arithmeﬁic coding unit 6 according to the second
20 embodiment.

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

25 genaration unit 30 delivers a coptext moael statusg
39 to pe multiplexed into & slice bheader to the
transmission unit genevation unit 35.
Fig. 16 is a flowchart showing the process
performed by the arithmetic coding unit 6 of Fig.

30 R



according to the second enbodi nent will now be 15 described. In the second
enbodi nent, not only the register value indicating the status of a codeword
fromthe arithmetic codi ng process but al so3the status of | earni ng of a
variation of probability estimate in a context nodel is nultiplexed into

the 20 sli header. T, f | N ¢ i |1t
generat i on uni t 30 as ‘Thel BRE Sudabe PR Srobtbr | Py or Bicr raiih bhe

each bin. For exgmplvehdef e6fi RAgLO Fidec8runddecdi tale grideycto notion
vector for bloceve block Cis exploited to determ ne a variation of p obab

estimate. Accordembghlymdnt bisckh@ KB acent3kidanedailneg tdieupr SBabihaty
of occurrence. This neans that the coding efficiencg is lowered in a design
y

where the probafi¥TEYSofil thgcpgPCsice P8 Ad&H i 9EF y &t 4R REALIANINg a
text 5 | . i |y, i i
Com 9 2 oA g pso 60800 0 SERRIR SEBO PO oR A

met hod and an appara I Tpt ovi ng
coding efficiency.atghehixdathentr @M esi 90 WHdti sceaded i EHe
adaptively controlled such that the slice-to-slice interdependence in
respect of arithmibebdddity genbeadiisrregandéd 3utas uliby vddd oesedhien a
case where the probability of |oss of slice data due to transm ssion errors

is extrenely | oW FAETS|9E T eBaPd st ¥ eeBitidtdbPendefic & MRl
disregarded in dGAsP, g Gud 'L BLRRAR 11 A¥o0k @581 RS fa At 31 L 9N
10 header construction process (step STI9) 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 macrobleock.
4

sy e O . S A T LR N A A LI SR
The context model statas 39 rns sinbherited from

¥
L

# o bransmission unit to the next Lransmission unit.
" Phis means that the final status ctxn-1) for the
kth tranomission unit is made to be egual to the

initial status of ctx in the k+tlth transmisgsion

36 wunit, i.e. the probability p0, pl oi occcurrence of



Fig. 15 shows an internal construction of the arithnetic coding unit 6
according to the second 20 enbodi nent. A difference between the
arithmetic coding unit 6 according to the sdtond enbodi nent and the

arithnmetic coding unit 6 showmn in Fig. 5 according to the. genera.t1l.011 u

39 to be multiplexed jptq.transm ssion unitgeneration unit 35 g= 16 is a
fl owchart shaw o jblgrgé“rxrredg%?ﬁﬁg) ‘ari ¢ hiret e mcaocg‘f n%gu%fat %gl%?l F*% 0J5,
37 AD i mredi at elpheanpr&shahlie «f fher ence f ram hhe fawehary  ofy Kipg. 6
according to the first enbodiment is that the context nodel status 39 that
occurs in the prdacdds-df) st epeSTI fmsmenéoat inmyi®t tlea epreobabnl by 10f3 5
occurrence of 0/1 for each bin, i.e. the learning status 39 that occurs in
t he probabil ity tgémémtEendatia Bodisatd nghdak s StiRd Wart bt Fé% 6P -1)
probability gsti. i ntext podel . .i.s. multiplexed intQ t.he slice
header in thg légﬁggﬁéPhggﬁgf}ﬁ%%igﬁepkgéééé k§?§§“§$§3 ?ﬁ FR&Sr ansmi ssi on

unit generation unit Bpyfong CONBEEYEHILRE: & headers ddahhgeR@dated b
transmission unit, in a simlar configuration as the regiSter val ue tHat
Fi g.

occurs in the btheryrartitheeticc wodling thipr ot esscoflrdiep B8F4the
17 illustrates a context nodel |learning status. A description will be given

of the meaning BFCPRE Mpadimeddet | earning status 39 using Fig. 17.
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 alterpmative configuration of the second
embodiment, the register reset flag may include an
indication of whether theé context model status is
multiplexed or not, in addition to an indication of

20 wvhether the initial register value is multiplexed
ox not.

A flag other than the register reset flag may

indicate whether the context model status is

multtiplexed or not.

data and the

[54]

Fig. 18 shows Lhe siice header
compressed video slice data beling multiplesxed into
the same bit stream. Alterpatively, as is desgoribed
lo the first embodiment, the sliice header data wmay
be carried in a separate bit stream for offline

30 tramsmission and the compressed data may have



20Fig. 17 shows a case where there are a total of n macroblocks in a kth
transm ssion unit. A context nodel ctx used only once is defined for each
macr obl ock and the probability in ctx varie 9nacrojTyiock to ni acrobl ock-
nodel slLates a transnjssjon-le next t-it. ans that thestatusn-1) for the
kth transm ssion unit is made tqual to the initial status of ctx in the

k+l th transm ssix@R 2 38e8: thedde 6% LdrddmBe ibn 2 b8P §oLBe gyal to
the probability po, p of occurrence of 0,.1 in ctxk(n-1). The transm ssion
unit generationconite3poh8dmsyr 4 5idat adawkcatiang L he status of ctxk(n-1) 5

in the.header of the k+lth transm ssion unit. Fig. 18 illustrates a
bit stream generated By9thd Sarghawst s codt AgR@di tCBNE @t hgit @ & hehe
r 10 the

second enbodi nent_., ..n the s%cond enbodi nent., . the slice hquer %o
conpressed vi ded i WhF a R FhPdr M r??nﬁ?&ﬁ?%é?ﬂ%a%oﬁ Ext® SRR
status of the péﬁﬁ%ﬁ‘i’hﬁaﬁ%',cit ﬁ#gg@g%g%rﬁéewe!é}x adfiel ign { Qublig Sl i ce

start code, the register rese the initial register value

accordi ng to thgetblsindSaREROAVRBEoTAAWMY | toFithhe 1econd embBddfent
alternative configuration of the second enbodi nent, the register reset flag

may include an &ndi ¢&td onr bt hwkeet ber delge ddong exn ifodel scatawding to
mul ti pl exed or not, .i,n additjon to an indicatjon_of .
the first emqulment shown 1n Fig. 13 isg that the
transmission unit decoding initialization unit 37
10 of the arithmetic decoding unit 27 according to the
second embodiment delivers the context model status
39" for the immediately preéceding slice multiplexed
into the header to the probability ggneration 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 for
transm;ssion unit decoding initialization, the
context model status 39 restored from the slice
header is ountput to the vrocegs of step‘STB for
generating ih@lpﬁgb&ﬁiiity af ooourrence of /71 for
75 each bin by referring te the context model
determined in step STI1. The context model status 3%
cutput te step STI is used to generate the
probability of eoccurrence of /1 in the probabilitcy
generation upnit 30,

30 If the number of context models 1is extremely



20 whether the initial register value is nultiplexed or not. A flag
other than the register reset flag may indi%ate whet her the context nodel
status is nultiplexed or not ressed videobéing mul ti pl exed in the same bit
stream Alternatively, as at, the slicea ma he carried in a separate bit

stream for of fl h@%gter,,artsmﬁgij_gg;rw Lhe comréeseedoa’d altgehed stheggro 1D

information referri'ng to t respondi ng slice header data. Firg. 19
shows an internalicengi¢ageironinafrddecasi hnmaiverieecadicgusatt b37 @rteedi ng
to the second 5 enbodi nent. A difference between the arithnetic decoding

unit 27 accordi h§aterthe acohd serpadizme 80 tdrek FhBogd thnR¥ P¥ idddudli ng uni t

27 according to_the.first enbodinent shown in Fig. 13 4s that .the
transnissionlﬂf%gﬁé(ﬁﬁ%@tiﬁﬁﬁEﬁ{E%EF8H &ﬁtggg féﬁﬂn?hgggﬁ%ﬁﬁESYC
decodi ng unig 24 gcggwgé@eggéd1 seenad m%xggggbfgﬂédeggakm%(ggnext
nodel status 39 ? r the inmmediately preceding slice nmultiplexed into the
header to the paababiplidyeg@eneration unit 30 so that the context nodel
status is inherited 15 fromthe i mmedi ately preceding slice. Fig. 20
is a flowhart show d®@m presess perpsieed YECEAE SardRfnR & ol ng uni t

27 of Fig. 19. A diff bet the flowchart of Fig. 20 20 and that of
Flo. 14 Us thattEFREERa HIBTAGP 19 RhoARSd crRRFE dbooyi Agrae o °

initialization,,she;eantext, gRdel, Sf ALUS 33 d£SP8Ledd o8 thas!dige header
is output to the process of stepr%f% for genéfatlngoccurrence of 0/1 2each
bin byerrmadel status may be inherited foxr these context models
only. The type of context model for which 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 ayithmetic coding provess is resebt or pnot, and

3 . T A . y O i S5 v s R e e 4 RS- R s R e
the coptoxt model status information Analoavting the

h
s

context model status of the ilmmediately preceding
slice. Accordingly, it is possible to perform
coding without losing the continuity of the
arithmetic coding process. The coding effjciency is

34 maintained, while the resilience to Lransmission



determned in step ST1. The context nodel status 39 output to step ST3 is
ugenerate the probability of occurrence of 0/1 in the probability generat30
301 f the number of context nodels is extrefiely 90 large, carrying of the
context nodel status in the slice header introduces an overhead caused by
slice headers. E? %le c S ,GARLEext nodel s providing significant
contribution to fhe i ng ePF|C|e ty 5 may be selected so that the

associ ated status '51fﬂl|i§h@| @bnd enbodiMe£XANR! @1 1®EI R MACEQEE R
orthogonal transform coefficient data represent a large portion in the
entire coding v@banmad)amaa tirankh 5$ attos nayibe RiAkeninatifvarld heske
context nodels only. The type of context nodel for_which the status is
i nherited may b%réﬁﬁﬁqn%ﬂveﬁﬁﬁﬁqﬂ%&eﬁqPﬁ&}ﬁi%PP SRR S5 Kat t he

status my e Sg&ﬁf& ¥E%%ﬁ%g$?éhF‘ﬂ%fcécanngméggtfggg$eX{Sngdek: ﬁgs been

dependi ng on the curs

descri bed, accoggifgmti@stiensgaqrd enbodi ment, for transm ssion of
conpressed video data in transm ssion units, the slice header data 20 has

the register flag, th@|ﬁhe|abmunﬁsemboﬂwmﬁn84 amfdﬂmatonﬁext nodel

status informatjon, attached thereto, the initial %lster flag desi gnati ng
whet her the regitdefatdmse thai Gé’tq"r@x‘t:h@(’é’f?]ce%&@t § (¥setP&r not, and the

content context AR g ot ok T SNE s PRERRB TS,
arithmeticigodicit PERECTTaddf. COYidlde BoLEG €Vl ing to Fig. 8,
even when block ¢ and block B immediately preceding
block C are located in different slices, the coding
efficiency is improved through probability
adaptation using context models, by exploiting the
15 context model status of block B in determining the
probability for block €. The coding efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice~to-slice
interdependence is not disregarded but the context
20 model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the
25 slive-~to-silice interdependence iy disregarded in a
cage where the probability of loss of slice data is
high.
Referring to the bit stream esyntax shown in

¥Fig. 18, the second embodiment has been describeg

3¢ aspuming that information indicating the context



41 errors is inproved. In the second enbodi ment, a slice structure is

assuned as a transmission unit. A ternatively, the present invention is
equal ly applicable to a 5 configuration in which a video frane is a
transm ssion unit. In the second enbodi nent, information indicating

the context nodelodstiatassaphst Fe i redhatel s ecedibagasld oe pseatdpched to
a 10 current header. Therefore, referring to Fig. 8, even when bl ock and
bl ock B i medi afélif prictetit hgolestki€ apehl ochied haadieif eienadsiitcesn t he

coding efficien i.S. i nproved through probability adaptation using context
nodel s, by expl %%st N t eegﬁ%ge%t eﬁoaglagstaa‘?%stgfa Biocki et i i ek ek @F ni ng

the probabi| ityvhetblack fas e odlng efleal oo il oh the

transm ssion unit is coded IS controlled such that the

slice-to-slikce hhtewrdepengenge i otedisregarndedebulrlshe ©9at @xe 20 nodel
status for the imyediately preceding slice is fully exploited in a case
wher e the probabfifiploframsster siaddeedacgodubing teadid sbiosterrors is

extrenely low. The context nodel status fqr the inmediately preslice is not
used and the 1 oCEP RSB e RAY nb o hhbF Pt § b CHaE sOBRdatt i gh. ng to

th' syntax shown l5 St f.qr: dat a,i.n j [ y ed
slice is attach%%ﬂgﬁﬂggﬁﬁugl?%giﬁgg'ég?ighgdéﬁgﬁgﬁgggﬂfﬁégée%?é$§¥;rﬂgﬁt

flag and the inidtal inegihss efmmMabueBsTer giree dikfeslifiod eabadivRYeq D
Al ternatively, the register reset flag and the
. 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 accoxding to a dats partitioning format
25 in which coding dats ave grouped accovrding te a
data type.
The example explained below is taken from
Working brafe Number 2, Revigion 3, JVP-BLIRY3Y far

& video coding scheme discussed in Joint Video Team

38 (JVLY of ISO/IEC MPEG and I0U-T VCEG. The draft



initial register value according to the first enbodi nent may be omtted so
that only the information indicating the cgy ext nodel status for data in
the i medi ately preceding slice is attache 0 in each slice header

Al ternatively, the context nodel status reset flag (see Fig. 21) nmay be
provi ded 'rrespe@ib&@p@&n%hﬁih@én&h%aﬁﬁg'ﬁééﬁsr%ﬁﬁﬁafé@@cﬁ@@xﬁ“@yb@'%@m
regi ster value according to the first enbodi nent are provided, so that only
15 when the contekérpodele stattshiesdls filmgai 8 1dfdfe dteucthe econt exthiormgel
status is not reset, the information indicating the context nodel status
for data in the +PmBdPat 8lry PiecedPHgesl i CBhesrostHdRytf §pt@sainht is
decodi ng. 20 Thiy nbodi_nment, \ di sclpsure wll|_ now iven of the
third enbodi rrentul‘d%gg\ﬂf“gﬁet‘:{]a]r&n?ggi K dhi? ﬁﬁécceoniﬁif‘aét géeglc%g?ﬁ?ng
coding data are dHOANCHaRECRfd) NoBnk® Aicted bylMfrSXBTRLE XPLAT BRL

bel ow i s taken from Wrking Dra Nunmber 2, Revision 3, -Bller3 for a

vi deo codi ng schefredalisctigpeds 107 obnchVidkeotieam I0{JwM) beflow,' / £&& MPEC
and I TUT ViCEG The draft 43 discloses as many data itens of a specific
type as there ar¥#R}t8bl ocks in a slice structure as shown in Fig. 9, are
grouped. The resultant data unit is transmtted in the formof slice data.
The slice 5 data (data unit) constructed by grouping is of one of data

types 0-7 such as qtjhosexshowR %rEOBEﬁ?(ml)eﬂr 5 PidEPRHFADER picture
(franme) or slice header 10 1 TYPE_MBHEADER macrobl ock header 1 nfornation

(codi ng noded i nflomety omp H EADERE Md/@r obllicark veetde3 YPEx@BR B (non-zero
orthogonal transformcoefficient pattern in macroblock) 15 4 TYPE_2x2DC
ort hogonal tran$f&dhtberpiiei dmlfampation)s TYPE COEFF Y orthogona

transforn1coeff&c&@@ﬁfﬁ@@ (8 ion 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

Yor example, a slice of data type 2 or
TYFE MVD is transmitted as slice data in which ara

FE cxllected

el
o
I

ze many motlon vector information ftems
as there arve macroblocks [itting into a sliice.
Accordingly, when the k+lth slice of a type
TYPE _MVD iz subject to decoding following the kth
siice of a type TYRE MVD, only the context model

38 status Tfor motion vectors ovegurring at the end of



6 TYPE_CCEFF C orthogonal transformcoefficient 20 data (3) 7 TYPE BOB end
of streamidentification information For ex le, a slice of data type 2 or
there are nacrks Accordi ngly, when the kAlth slice of a type TYPE
M/!) is subject to decoding following the kth slice of a type TYPE_MD,
only the contextthedikhstsatiuse f oho oG e wRCL 06p lecaid ringoat tihe.gng of

44 the kth slice should be nultiplexed into a header of the ktlth slice
carryi ng the TYPE MvBeditd th rsbider cagxating the ORRxMVApdeltd eaini ng
status for arit ' odi of tion vectors to.be 5 inherited.

o 21 shows. et Bxaipf S ordstt ERPeSMniREr ahetesy St Al RO £ godi ng
uni t 6 accordi ngd:o 4hethhicid erbodh AR B LEEhG dk JE0- £l ghen motion
vectors are collected to construct sli'ce 10 data of a data type or
TYPE_WD, thé sliinde=ihitddr, has attached thereto a slice start code, a data

type 1D designating TYPE_ WD, a context nodel status reset flag and
i nformation indicati ngifhe 2dortws modelexanpds PEr ot | dhredat or s

occurring 15 in_the inmediatel receding slice. \Wen on] rt hogonal
t ransf or m coef f fggi}ﬁeerﬁat%‘gt ¥( f)x‘egfaﬁlgbf‘%tt%ecgd&PgTWElééFﬁfﬁ%?‘élﬂg

S LU et L g8, ol AR, o Reatehg S G LY ©
nmodel status resetifblmgrantorsf errmt ¢on liekdi €t togebetruct slice
10 data of a data type 2 or TYPE_MVD, the slice header
has attached thereto a slice start code, a data
type ID designating TYPE_MVD, a context model
status reset flag and information indicating the
context model status for motion vectors occurring
15 in the immediately preceding slice.

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

20 type ID designating TYPE _COEFF_Y, a context model
status reset flag and information indicating the
context model status for orthogonal transform

coefficient data occurring in the immediately

preceding elice.
Z5 Fig. 21 shows the slice headaer data and +he
compressed data belng multiplexed into the same bit
stream. Alternatively, the slice header data may be
caxxvied Jin a sepavate bit stream for offline
transmission and the compressed data may have

36 attached thereto D information referring to the



context nodel status for orthogonal transform coefficient data occurring in
the imedi ately preceding 2 showsheader datgsand the into the same hit
stream Alternatively, the slice header data nay be carried in a separate
hit streamfor offline transm ssion and the conpressed data may have 30

attached theret océbDresphommiog 49icer nespoad Agslj ce header data
Referring to Fig. 15, the arithnetic coding unit 6 according to the third

embodi ment i s inpl enefede wuingt hat File. t Lanstilesi anighime Bl geneddti @n uni t
ccordance with the data

35 reconstructs macy o | ock data in_a slice km g
partitioning rul®® testr PEEFbbVE, T8 Wat thAE S R A& Yont flesi gnat i ng
the data type angydhemeaptext ek pLgarn 99 q’tgh?. : [L,8S ing to the
data type are 10 g%lIecte%ﬁfﬁmg?gcehggigaﬁa t2h e %%gﬁng Fb Ig. 19, the
arithmetic décodjengetidifioA’ vacLor 85Ng e i e rtbivyd wabedbIwtk i §ata in

i npl enented such that, for arithmetic decoding, a context nodel to be used
is determ ned by &4 ngnimadrerdaagsenivwiibnting tdafesopiand: ithi¢ndlnigat i on
unit 37 to notify.the, context el determpation unit 2§ of the data type
| D mﬂtiplexediﬁ%%?t%%ngﬁ9§4?) %V?'aﬁftggaémﬂﬂﬁtlﬂnd&fQE%?ﬁﬁm?status
39 is inheritedgaG poynds. Lge al | awi,ng, t I i §Si on
decodi ng initializé&?@% u%?taggifgg%gt?' ?héhgréba i???égaéhgggg% n unit
30 of the conteitamdetyl| sganivig SéakeSponding to tWe Raxdegppdeseid bed,

according to the third a video signal 3)by hfdAl a sionup ' accordinc
16 collected in slice data.

Referring to Fig. 19, the arithmetic decoding
unit 27 according to the third embodiment is
implemented such that, for arithmetic decoding, a
context model to be used is determined by allowing

15 the transmission unit decoding initialization unit
37 to notify the context model determinatién 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 hasg been described, according to the third
embodiment, a video signal is subject to
25 wompression 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

3G acrogs boundsg of transmission units by inheriting,



predeterm ned data types. The video signal belonging to the transm ssion
unit is arithnetically coded such that coding is continued 46 instead of
resetting, the synbol occurrence probabilithp | earning status fromthe

earlier transm ssion unit al so grouped according to the data type.
and the coding

Accor di ngl y, i ah d > of error 5 resili '
of 111 ency’ of arTEHEL T COEoRTHg 1 FRpr 5 THNECoRFEOLY St PBR i n whi ch
Whi | e

data are groupeg a5 fi Deyt Q 801 87 Bned, daf achYR®® earlier
the third enbodinment assunmeés that slice 10 structures are organi zed

according to a dataasdnypes adsna uniansalssi grammpéd wcdeodimgesomyhal so be
|l e of bit stream syntax

organi zed according to a data type. In the exanﬁ
according to t h&2atR i’ RebodicHertd Shghr /i ¢ A Hon2dedies Lisexdqued t hat
thereto a

t he header of slice.data for a given data fype has .attached. )
cont ext rmde$ strg'f’t}sh_ree’é%? Ffa&g‘f_n"br? fSPﬁat‘ﬁb‘fﬁ F88i18§ie%9%ﬁée&ﬂe9f_
nodel status of pdakqudt {HecbiT®Y af £l YmPreHed NgnSki %ﬂ@_ﬁ?u%ﬁ%{éﬁgihs

off. Alternatively, 20 in"a siml7ar configuration as the bift stream syntax

accordi ng to thehietonrtheabadiemeito shesn aice dit@ing8tot her ddaderninshi ce
data for a given data type may have attached thereto a context nodel status

reset flag and faksr ktiesstatus oi data in the i medi ately etac when the
tial.register

LL?EeIS(ﬁf’ 'n addlwﬁﬁ 8 %E% Qﬁg§&eéﬂg§§§méh%ga%%%ﬁgs ERad slice
10 structures are organized according to a data type

as a transmission unit, video frames may also be

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

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

15 assumed that the header of slice data for a given

data type has attached thereto a context model
status reset flag and information indicating the
context model statug 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 reser

flag and information indicating the context model

2h status of data in the immedistely preceding slice

when the flag is off, in additieon to the register
reset flag and the initial regilster value,

hiterpatively, the context model status reset flag
may be omitted so that the information indicating

36 the context model statuws of data in the immediately



Alter natively, the context nodel status reset flag nay be omtted so that
the information indicating 47 preceding slice is always attached for use
in decoding, irrespective of whether the reyister reset flag and the
initial register value are provided. 5In the first through third

The

enbodi nents, vi [ Y S exanmple.of digit ignal s.
pr esent inventigﬁpégéggﬁéfﬁgiﬁggl?ga%ﬁéﬁﬁdad?gfﬁév“§?gﬁgks%5%? Aldi o,
digital signals d@fo8ihly,pittéesectii@id &l r SkFBRInSf Of nbeXks ande pul ti nedi a
10 digital signals in which thesé are m xed. In the first and second
enbodi nents, a dldgeti §lgigvemdastha éxdnplael of ediigittal skdna dxransmni ssion
unit. In the third eqﬁodinent, a transm ssion unit, constructed according

to data 15 part i®Oht ﬁdfor collecting data in a slice according to a data

type, is given as an aml e. - AlL.ternatively,.an_i e i,cture) constructed
froma MLuafity(ﬁ s?ﬁcg§Fi¥%ES§ &%&&??ga }r$£§%£g§19ﬁ£%§ﬁ5¥ﬁﬁF%nit
The present inveatoni @l §oviedmdss 20n a8 xARP 1 £abORy il §i 82 3t BLafEa BYSt @) I N
this case, a storage unit, instead of a transm ssion unit may be
construct ed. Aspagparat r esgentiinvenisorgusult pbhyplsetabbde treandhiy $siagn of
a conpressed video sigwhich aerror 48 CLAIMS The invention clainmed is: 1.

A digital signaP*88diiny pparadic i ofl ifdiiady aigdimpresEPsnsddding by
an' ari {hmet i ¢ cBAF SN 1 PET o SLIPAG t HEOR: GvarS of fharort CEPg LY "0
transm ssiam undigbyaarid DgRENG COMi PHich these are mixed.
In the first and second embodiments, a slice
is given as an example of digital signal
transmissjion unit. In the third embodiment, a
transmission unit, constructed accoxrding to data
15 partitioning for collecting data in a glice
according to a data type, is given as an example.
Alternatively, an image (picture) constructed from
a plurality of slices, i.e. a video frame, may be ga
transmission unit. The present invention also finds
20 an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

JNDUSTRIAL APPLICABILITY

25 A has been described, a digltal silugnal coding
apparatug according toe the present invention is
suitably used for transmission of a conpressed
video signal in which a high degree of errox
regiliency is ensured and the coding efficiency for

30 arithmetic coding is improved.



bi nari zation unit for generating a binarization rule determ ned based on a
type of coding data; a probability of occurrence generation unit for

provi ding the probability of occurrence of synbol generated by the
binarization rule; and a coding unit fgr arithmetic coding the digital
signal of said transm ssion unit based on the generated probability of
occurrence. 2. Adigital signal coding nethod for making a conpression
codi ng kyatyviding a digital signal in predeterm ned transm ssion units,
conprising: an arithmetic coding step for conpressing the digital signal of
sai d transiiessnomuient chyimedi ishmeti c coding, a binarization step for
generating a binarization rule determ ned based on a type of coding data; a
probabi | i ty Bfdigd&at rerrelgendingt popaSttey for NRkauddi myrpkes praobabilingy of

OCCUr I ence,,0fi; $YAhe! aggfgemtleglgwalt he DidakbzaidlN chbh&nialdna,codi ng step
for arithmetic coding t digital signal of said transm ssion unit based on

t he generéioé‘ﬂrb‘?ﬁﬁabii{’l?Vt@f“eﬁt‘blﬁ"rdéﬂ‘ée‘mlt for compressing the digital

signal of said transmission unit by arithmetic coding, a
binarization unit for generating a binarization rule determined
based on a type of coding data; a probability of occurrence
generation unit for providing the probability of occurrence of
symbol generated by the binarization rule; and a coding unit for
arithmetic coding the digital signal of said transmission unit based

on the generated probability of occurrence.

2. A digital signal coding method for making a compression
coding by dividing a digital signal in predetermined transmission
units, comprising: an arithmetic coding step for compressing the
digital signal of said transmission unit by arithmetic coding, a
binarization step for generating a binarization rule determined
based on a type of coding data; a probability of occurrence
generation step for providing the probability of occurrence of
symbol generated by the binarization rule; and a coding step for
arithmetic coding the digital signal of said transmission unit based

on the generated probability of occurrence.



