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

ARI THVETI C  DECODI NG METHOD TECHNI CAL FI ELD The
present invention rel ates SREGQIHIFABLONO. signal

codi ng apparatus, a digital signal decoding
apparatus, a digital signal arithmetic coding nethod
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per DECODTRGWMBTHODII vi dual information synbols are
to be represented as individual codewords. Opti num
performance is not, however, guaranteed when a signha
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method and a digital signal arithmetic decoding

method used for video compression coding and
compressed video data transmission.
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_BACKGROUND ART

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

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

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

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

30 representing a plurality of symbols as a single



The concept behind arithnetic coding will be outlined

by referring to Mark Nel son, "Arighnetic Coding +

Statistical Mddeling = Data Conpression 5 Part 1 -
Arithnetic Coding", Dr. Dobb's Journal, February
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Subsequent |y, aracters are eCt to a  codi

progeysrufiichStigbhe Iett el &sh&é‘&déﬂat TQhS J.'t?'fgeﬂteatlon
in the formof identifying a range [O0.2, 3) on

probahitcéy gdemer adre s hah VM atti’in Ebmﬁﬁpéecdﬁ@rlslng
| etter "B" corresponds to 20 a set of Hi gh value and
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subsequently, the range (0.2, 0.3) identified in the
proé€§§f§1‘e@d<ﬂ¢1{~:115’8°¢§edegarded as a new segnent

(0, 1) so_that a su rrent05 25 0.6) is . .. .
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of 8f3a $9HEBAD 1Ly IDenePU g ided "By & t8EgmentS [0, 1)
are uniquely established for respéctive characters.

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

To code "I" subsequently, the range {0.2, 0.3)
identified in the process of coding "B" is regarded
as a new segment [0, 1) so that a sub-segment [0.5,
0.6) is identified therein. The process of
arithmetic coding is a process of successively
bounding rages on the probability line.

Repeating the process for the characters, the

result of arithmetic coding of "BILL GATES" is

represented as a Low value "0.2572167752" of a



conpl eted. A-decoding process is an inverse of the
coding - process. 5 First, the codi.ng result
"0.2572167752" is exam ned to detf’erm ne a range on
the probability line in which the result lies and

det ] char act ass dto.t ra n t
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-fofomp Betelf, subtracted fromthe result and the

resul t ant value is divided by the nagnitude of the

range of ABdecBWAN§ PFodeds216d 7% - lmé:%a*atesthe coding
us to restore "I" correspondlng to the segnent .

0. 6protees 45 process is repeated until "BILL GATES" |s

restored" by decoding. By performng an arithnetic

Scodi ng asFidestyi tdoe abodding messade of 0eAF2RR 67752 " is

l ength could be mapped onto a single codeword. In
am%ﬁpmﬂﬁﬁﬁpmﬁmﬂﬁﬁ¢bmlﬁQ as riamgssidn ethe oprodtability
f}ﬁlnflnlte deci mal precisjon. Mreover,

B dRi Whish damsmml‘é Aeke§s ARdf éreteémlrrge a

and decodln so t hat he ut ati ona
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fl ég [ ni’B,pIem mal conput ation using, for

coaewor repr e€sent ation, regi sters of an int eger
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so that nultiplication and division are rep
shishiibepalct banstréf 1€igal Ipes alit 'MRY Q:l?@d'r"éhultant value

according to the above 4 described process enabl es

entiropg ivdcdd ed aymtﬁbtﬁagnltude of the range of "B“,
p#oducing “0.572167752". This enables us to restore
"I correspénding to the segment [0.5, 0.6).fThe
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
implémentation, it is impossible to operate with
infinite decimal precision. Mbreover}
multlpllcatlon and d1v1s10n are necessary for
coding and decoding so that heavy computational
load is imposed. These problems are addressed by
floating-point decimal computation using, for
codeword representation, registers of an integer
type. The | : Low value is
approximated by é power df 2 so théﬁ'multipliqation
and division are replaced by shift operations.

Ideally, arithmetic coding according to the above-



the probability of occurrence of information synbols.
More specifically, when the probgbility of occurrence
vari es dynam cally, the coding 5 efficiency higher
than that of Huffman coding is available by tracing

theqeald ®ibed P¥odedd i BdadEest abteropyFidoding adapted to
appropriately. Since the digital signal arithnetic

codthg pebdbbadiahiitegi @ fabcarithenice dfcddi Higrmetthbdn
according to the related art are configured as L
deseymhall aboMe r easipet #6d dahhk i Whieni ddwei pEebability of
segnents for transm ssion in upits _that allows
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defined as a group 20 of "codewords. "I n arithnetic
codi ng, heyaees,tBe SPEghitlarodegnal expliitthihetic coding
suspendi ng a coding process is required. In addition,
f ormetduopt and ol i gddch hga rtinehpedadessdeftddingi methed
probability of occurrence of earlier synmbols shoul d
. +10pe a@sotrdbngs to5 tbeowxplatgdsardy axreaerfigpred as
code. As a result, the coding, efficjency np uf fer )
pri dfSCH Hpad ahR¥Guerard thikdels fhdMEn. 1 etded into
problemto be_ addfessed is that, .when an arj t]
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decodiridtiir@) in order to minimize degradation
15 occurring in an entropy-coded video signal due to
transmission errors.

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

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

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

30 the frame has to be divided into small units such
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packet cannot take place wi thout the imrediately

precedi ng packet data so that significant adverse

effects on video quality result when a transm ssion 5

error or a packet loss due to a delay occurs. The

Pr eggnl d dWER! gt RU¢AS SEE AR EsBIN PBe B il @F a

obj ective of providing a digital signal coding

apppaalkiet addnack gthde splade cuditnp et ke iLmped bately

of ensuring a high degree of error 10-- :resiliency
aanpdeciethinyi paeketdidat ef fsici theyt -sbgnidfiicamdt iadverse
coding. The present invention has a further objective )
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arithpetic coding status, occurring when a
tr e ktdmehigniaodiBdeen coded, may be 30
mul tiplexed into data constitufing.a subsegue

transm sstRR BRESeAtt ckRYENE9N D3fF oBath ?E&%% objective

OCCYET 8%% Ph1 5% 94 TYPRLY Y gR219°48EEd Py apparatus
and a digital signal decoding method capable of
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

learning status.

DISCLOSURE OF THE INVENTION

In accordance with a digital signal coding
apparatus and a digital signal coding method
according to the present‘invention, a digital
signal partitioned into units is compressed by
arithmetic coding. Information representing an
arithmetic coding status, occurring when a
transmission unit has been coded, may be

multiplexed into data constituting a subsequent
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based on dependence of the digital signal coded on

the signal included in one or a urality of 5

adj acent transm ssion units, the probability of

occurrence may be | earned by counting a frequency of

OCCHE YR 8l 1Ol 19 iSY ORI SPH A WETRLI &) probability of
representing a probability |earning status, occurring
whesce Wi ¥encld ahsNeesd Pguiymbad oerayldeodetermyned,

be mu-1.t-ipliexed. into gata constituting a
subbegesht onr atespendieac eniotf wheh dbgitalt $ignal coded on
possible to continue coding across bounds of

tr ahBgi &1 gnadniircBpdededinioge qhstepd w¥ality of
resetting, the earlier arithnetic codiﬂg 15 sta
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di grtal signal decoding netho ccording to the

pr egepir d SWARRLIHY ad peSBE DI iE?OQ%é;:ﬂE.}hcj)es tatus,
initialized when decodi ng of a ransm ssion unit is

st avtedriagd wilehnfaorgbviean tpuniswissdbdn ntaidathas been
constituting the transmssion 25 unit and representing
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probability of synbol occurrence used in decoding the

t r FBRELABANEN L ARFIHES Silan | WRilAed when decoding of

mul | pl BNt b b dghoBPEAGet R (P3G BEfoFod ing

o4 2P BRI 1B, e B R SRR g daperiving,

ST OPRL £/eBF8 ¥ A& bR& 7G5YS the earlier arithmetic coding
status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result. |

In accordance with a digital signal decoding

apparatus and a digital signal decoding method
according to the present invention, a decoding
-process may be initialized when decoding of a
transmission unit is started, based on information
multiplexed into data constituting the transmission
unit and representing an arithmetic coding status.
Alternatively, a probability of symbol occurrence
used in decoding the transmission unit may be
initialized when decoding of a transmission unit is

started, based on information multiplexed into data

constituting the transmission unit and representing



may be decoded, by determ ning a probability of

occurrence of restored synbol s, sed on dependence 5

of the digital signal. decoded on the signal included

in one or a plurality of adjacent transmssion units,
m“hbﬁﬂﬂﬁ%m'@bé@?r@ﬁ@@b?féﬂab@ﬂf@%nTéEkﬁlng status,
frequency of the restored nbol s this, pradper
deCﬁﬁleng:mﬁpQ@ésbaedingﬂtalo Siguall opevhriwetihdn the units
codi ng . apparat:u-s+ -continues coding across bounds

of naanﬁésdbmvdmdb&bwydauﬁmmmmmng angradadbfility of
resetting, the arithnmetic coding status for earlier
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apparatus) according to a fi'rst enbodi ment of the

present Withnvemisqn.propert dbewd fngorisd rpoisisoibdle in a
a video decoding apparatus (digital signal decoding
~¥0appaibuad)iancoléng titheé heod isy eppdradnis-Biopt tnues
shows an internal construction of an 30 arithnetic
cmﬁﬂ@laﬁtaenﬁs$igomnd8 qﬁgtreﬂ%masﬂkﬁ%haﬂltsr by

sho rocesses erforned by the arithnetic codin
um¥%8g5? cag,51 stead of)&esetting éhe IJ.ghmetic

coding status for earlier transmission units or the

wn

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

the phrase "BILL GATES" is arithmetically coded.

Fig. 3 shows a construction of a video coding
apparatus (digital signal coding apparatus)
according to a first embodiment of the present

25 invention.

Fig. 4 shows a construction of a video
decoding apparatus (digital signal decoding
apparatus) according to the first embodiment.

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 7 illustrates a concept of a context nodel. 5
Fig. 8 illustrates an exanpl e of gont ext nodel for a
notion vector. Fig. 9 shows a slice structure. Fig. 10
shows an exanple of bit stream generated by the

ari thmeti g £odi g9 1 b &lodechd? 8- shbwfRgVD rAoCERYes
exanple " of "bit "stream generated by the arithnetic

codipwr forinéd biyg.tHe ahovshmed her coxdimbe wafivi® of Fig. 5.
stream generated by the arithnetic coding unit 6.

Fig. 13 slfovg.ad iilkosdalrabest raictoaceptarf 15 context
arithnetic decoding unit 27 of Fig. 4. Fig. 14 is a

fl oMA®L -of processes performed by the arithmetic

gecoding unit 27 of  Fig. 13. Fig. 15 shows an
nt er nal &*%tr§m¥%$ug¢q?ﬁeéﬂ%%nﬁﬁﬁﬁE%ﬁiﬁfLﬁPPQ?Xt model

acc Lng to. .a.secaond .20 enbodi nent of the present
[ nvg}}dllL o%. mﬁtzngG ¥ &CEO%K ‘onchart showi ng processes

per f or med ey, {hg I EeY Co §9UI0 UBide fugle Fig.  15.

Fig. 17 ill'ustrates a context nodel [earning 25

status. Fipg.g 1819hyRods XRMexamplle oSt p8adMstream
generated by the arithmetic coding unit 6 according

to geneeated ebhodinentr it gmetd cshowvsl iangi nieitab .
construction of the 30 arithnetic decoding unit 27
- «IQuccor di-ngFtig t he Iseclvow s9 amatrds meakanple "20F iBig “stream- -
fl omchart showi ng processes
generated by the arithmetic coding unit 6.
Fig. 12 shows another example of bit stream
generated by the arithmetic coding unit 6.
Fig. 13 shows an internal construction of an
15 arithmetic decoding unit 27 of Fig. 4.
Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.
Fig. 15 shows an internal construction of the
arithmetic coding unit 6 according to a second
20 embodiment of the present invention.
_ Fig. 16 is a flowchart showing processes
performed by the arithmetic coding unit 6 of Fig.
15.
Fig. 17 illustrates a context model learning
25 status.
Fig. 18 shows an example of bit stream
generated by the arithmetic coding unit 6 according
to the second embodiment.

Fig. 19 shows an internal construction of the

30 arithmetic decoding unit 27 according to the second
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performed by the arithnmetic decoding unit 27 of Fig.
19. 5 Fig. 21 shows an exanple ofgbit stream
generated by the arithmetic codlng unit 6 according
to a third enbodi nent of the present invention. BEST

MODEmBARI £ABRY NG OUT THE | NVENTI ON 10 Hereinafter,
details of the invention will be explained by

descri bi ngiighe destismaefllawechamt nghostinghprocesses
invention with reference to the attached draw ngs.

Fi rBerdmoneferky 15 he fardit netdicrediecofding presen27 of Fig.
inveption is presented using an exanple, disclosed in
D. rpe et al. "Video Conpression Using

Cont t- d Arit hnet Codi Y
|n? Lrnnt i BAG. hoRdNeed CRanPIRoe b iL sdgieam,

Qn%} bhm§¥ £nePdl PY tirga PRI $ égéblgﬂ according

COd ere a square area o pl Xel s

(heggl %af'éﬁirdr eéxgbbﬂxﬁéngeﬁ MRhe! EQ‘Qexﬁ’to‘iliﬁPé’ntlon .

by uniformy dividing a vi rame is a coding unit

25 Fig. 3 shows a construction of a video coding

apparatus (digital signal coding apparatus) according

to BESTf IMGDEe/FOR CARRYI NGheOPTedHE INWENTION

Referring to Fig. 3, a notion estinmation unit 2

ext racts Benstinnites ordetitleaef otheheigvention will be

nacrobhocks of _an input video si 1, using a 10

r ef SFRAGL R RGP @?t‘irce'{jlpﬂr“zgﬂzggl%ﬁﬁrym% e for carrying
OO SRCLRY RIS PR g ke attachea
drawings.

First embodiment

A first embodiment of the present invention is
presented using an example, disclosed in D. Marpe
et al. "Video Compression Using Context-Based
Adaptive Arithmetic Coding", International
Conference on Image Processing 2001, in which
arithmetic coding is applied to a video coding
scheme where a square area of 16 x 16 pixels
(hereinafter, referred to as a macroblock) produced
by uniformly dividing a video frame is a coding
unit.

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

macroblocks of an input video signal 1, using a



extracted by the notion estimation unit 2. A5
subtractor 51 determ nes a differ%nce bet ween t he
i nput video signal 1 and the pre&icted i mage 8 and
outputs the difference as an tenporal prediction

err@éf@%gﬂcéliﬁa t&a%ﬁHngmﬂfnauﬁggﬁQadéﬁ@fg 3a. A

to the i nput” vi'deo signa

SO as gener ate

spaiiod] i ofr *BmpeaB £ 168h iwpel 71lchystakiddsa a temporal

prediction fromspatially neighboring areas in a

gi vered ileted r iimageA gobdiamedoda deher motaioan weactor 5
12 selects a node capable of coding a target

mac e&3I ek tieskt by 5 tdfd | nodritdoy esd bwapiian cudiily Audd
information 13, _the node sel ected by the code node

Met EMREREHP T uplt diot BEMInefe Hofd 4EFsT@nRce between the

COMBSRAP! GRS e SO A" TR PEEY CHhe 6 ana
' i S d_t.h i Cti .
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modg rhQyr cedi hg  spatial prediction error signa
11. An ortﬁoé%na} transformunit 15 subjects the

signal sehe@pstian ;pﬁém@wibfhe ¢Rditha o@deeXbers to the
determination unit 12 to orthogonal transform so as

100 dnpmit videgosdlgrnakndf won ageftocigenedatae & spatial

guanti zation unit 16 quantizes the orthogona

tr apsestic tdein i eroor daigndalhld gpunmaking a prediction
i ndi_cated by a quantization step paraneter, 23 30 ., )

det EFRMeRIPBY kALY Me tghboriad ®reas ip Anjpiygn video

quapti zati on uni

.18 bj,ect th [, t f,
CoeF FPBI St oS 1B G ROHE deBRIINENA AT Sfid ha selects

'16¥“hgégec%§§Wi3”&f coding a target macroblock most

15 efficiently and outputs coding mode information 13,
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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
zero and the temporal prediction error signal 9 has
a null component, and an intra mode for coding the
spatial prediction error signal 11.

An orthogonal transform unit 15 subjects the
signal selected for coding by the coding mode
determination unit 12 to orthogonal transform so as
to output orthogonal transform coefficient data. A
quantization unit 16 quantizes the orthogonal
transform coefficient data with a granularity
indicated by a quantization step parameter 23

determined by a coding controller 22.



i ndi cated by the quantization step paranmeter 23. An 5
i nver se orthogonal transforn1uni& 19 subjects the

ort hogonal transform coefficient &ata subjected to

i nverse quantization by the inverse quantization unit

18. /\Smﬂh@“i&vé@ée5ad%ﬂ@fE§€anOWH%§ 18 subjects
tenporal predicted image 8 output fromthe notion 28
conperctedgonalni t ramys farsad o alf firedeaitedia t@RUE7 28utput
output fromthe spatial prediction unit 10a, in
acc8r@ancehei tdua hé icoalt hg mode itnfloé matiitin the agtputularity
fromthe coding node determ nation unit 12. An adder
53 aBddqakeduthyit tdignanamtohzand ol stiephpagameter 23. An
5;2 to the output signal fromthe inverse orthogonal

ni

uni tPYS IR 19 nthgaRdtal etFanpEqrmennddd 1 fngailpjects the
and re local | decoded_i_mage 21 i he frane
renof FeTohdd, CERmelr o Hhas e L Laptadata mikiected to
codi ' u?m:' t i a Jneluydi ng . .
mniggéﬁiéog ; tE%%E%?ﬁg%#ﬂgﬂ%r#%?%gg%nqgghgﬁzatlon
spaihat redi alisgitedpidd, et 8 NPgRAULE" #6¥ O5Mkput the
coefficient data 17 to enfropy coding, so as to
outpempa rolli pyrediviiedi Ama@d Br ¥ BEHad ofrbuf fitlie2thot ion
. .as conpressed video data 26. The coding controller 22
10coreBpensHabdeant 8niitncT udimaa t Apadoiladg pwedicted image 20
determnation unit 12, the quantization unit 16 and
t hP U hPEtsefrggartheatspatinili pgeddctign uphdnsl @a, in

fi { | howj i deo 12 decodi n t
(di%f TAF AAnNET WEEBAILhE SOSFAT BOdEcans dEmedine 13

1 e BUROR IBH O e! Do PRE° S abMFOE L2 s RELTTA e 12,
An adder 53 adds the output signal from the

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

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

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

30 Fig. 4 shows a configuration showing a video




arithnetic coding unit 27 perforns entropy decoding 5

so as to restore paraneters including the notion

vector 5, the coding node informii on 13, the spatia

predi ction node 14, the orthogonal coefficient data

17 and the quantlzatlon step paraneter 23. The

i nvdese djungt iappatatunst (teiadtadubs dgnalhdecoding

ort hogonal coefficient_ data 17 and the uanti zati on
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conpensation unit ores tenpora icted

| MRgecBolsi 59 tth?e”@b'cﬂ{hgeﬁi@de &:{ﬁgka{aeeleh the, the-
arithmetic decoding unit 27. A 20 spatial prediction
unispd b alespeerti¢ b orpanoae pugdithed orape gidnknom
the spatial prediction node 14,restored by the
anqdmﬁtmcﬁenamd@taml7Zind\tmac4magumzauibn step

‘sel ects for output the tenporal predicted image 8 or

th@%ﬁ@mﬁﬂepr&ictﬁbeZEmVMQﬁ£2qu¢m§&&ﬁﬁamkemnmt 18
the codi ng node. i nforpmation 13 restored by t

ar iSUPRecE et b@ Rrthagopal /ﬁ°5&ﬁ%°5§Qﬁd§ﬁWé 17 and the
b AR 4 SRS %ﬁgpurﬁtr%%%efhéﬂ&ﬁ%@é?%@bY the
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predi cte mage 1or a rame subsequent to t

1 M@ 2drthogonal transform coefficient data 17 and

the quantization step parameterV23 thus inverse-
quantized to inverse orthogonal-transform.

The motlon compensatlon unit 7 restores the
temporal predicted image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
spatial prediction unit 10b restores the spatial
predlcted lmage 20 from the spatlal prediction mode
14 restored by the arlthmetlc ~decoding unit 27.

A sw1tch1ng unit 54 selects for output the
temporal predicted image 8 or the spatial predicted
image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
signal eutput from the inverse orthogonal transform
unit 19 to the output signal from the switching

unit 54 so as to output a decoded image 21. The
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A description wll now be given of the 5 operation
according to the first enbodinent. First, the
operation of the video coding appdratus and the video
decodi ng apparatus will be outlined. (1) Qutline of

t he ,oper t|on of th video 10 c d|n p ratus The
|np9F %slﬁnﬁﬁ°¥ﬁ I 3ME, ffMeky 3b so

dersxgeurs@ (Héféé' e, osgyze;wgug' e%ygggocéaa"%agag for a

mot I On est T mationunit ng appar at u

est eFahts 19 By LBAL CELO He Qe ‘?ﬁach&e EOQ_‘PPK

using the referehce inage 4 store

menory 3aa dkas dPLipdi 6ANREIBRL hew Ukt g71\¢éﬁ3fdﬂ0tﬁe
the tenporal predicted i mage 8 based on the notion

Svecoperathen tdwecowtd bmgdeaticect hen flink 52 eaxboddimse n2Q

the notion vector 5. The subtractor 51 receives the

tenporal Fpredictthe neperaatfiom e, thet ivhdeo coding
conpensation unit 7 and determ nes a_ difference .

bet ABBA GHeUSnARA th@eVidfin decatdinge aRARSAHUS will be

predi cted ge 8. 25 The subtractor 51 then outputs
thegI %M%ﬁg t he terrporal predi ction error signal

9, to the*fgd'dlgt 1984 4§ tet"ﬂ‘é”é&ae‘%{‘a ?ﬁ)tn 16e Hife ideo

spati al ictron-unit Oa refe I nput” Vi

1 0SI g@gal},gsoaﬁ?atloagﬁ%erat e the spatial 30 prediction

error signal” I1 by making a prediction 14 from
spati al | yrnei ghifypatndiné§es d Ngaadl VENi% deRpuft 8B units of

The codi ng node determnation unit 12 selects
macroblocks derived from division of individual
video frames. The motion estimation unit 2 of the
video coding apparatus estimates the motion vector
5 for each macroblock using the reference image 4
stored in the frame memory 3a.

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

The subtractor 51 receives the temporal
predicted image 8 from the motion compensation unit
7 and determines a difference between the input
image signal 1 and the temporal predicted image 8.
The subtractor 51 then outputs the difference, the
temporal prediétion error signal 9, to the coding
mode determination unit 12.

The spatial prediction unit 10a refers to the
input video signal 1 so as to generate the spatial

prediction error signal 11 by making a prediction



a node capabl e of coding a target macrobl ock nost 5

efficiently and outputs the codi ng node information

13 to the arithmetic coding unitlg, the node selected

by the code node determi nation unit 12 being one of a
t he tenporal,

not i_.Qn _conpensat | on node r codin .
pre&HﬂWo%B@%%ﬁiinﬂﬁleg%PE&Pﬁ 8280 ¥ 35 Lo¥gN video
whegg %ﬂg notion vector 5 is zero and the tenpora
prel(ﬁlcﬁlerror signal 9 has a null conmponent, and

an intra gpde &84 G4l REdld1ed R naRli®MH ChinGt €100Tselects

signal 11. Wen selecting the notion prediction node,

t heac ot &g Bledd £rgotBingnalidrgéouhpurobbéck most
tenmporal prediction error signal 9 to the orthogona

5 r apsffarei enttl iSaad costpnetst hate regdimes modienginformation
When selecting the intra node, the codi ng node

det &Bnitfat the writhmetiputcodiagpanisl ©o the mode
predig%%on error signal 11 to the orthogagna

tr aREAGGE 8Ai PU5tAE £edgnModRadetgElidatdgmqunit 12

Whepn t.he notion predictjon node is sel ected, t%%h odi

ot PEANECPBE © F s B0 MBELOM (TPRRENE ER T Pty fF coding
. t b [ : oL .

ke CenBBa1 | BT S RAUMItNdr 0o iGhE 9, a skip mode
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fromthe spatial prediction unit 10a to

ari theeti empoedidy Emﬂ'etdﬁces.dmf efrfit oBilgwdl Medhakes null
codi ng. 30 The orthogonal transformunit 15 receives

t hecomposignal, tdntd manuindex aonbwre f fom tdmeddiadj nghe spatial
mode determnation unit 12, subjects the signal to

or thBEgigtipanse vravrargiigmaplt ¢ 1t.-hdfhesulaghecting the

motion prediction mode, the coding mode

15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding.
When selectiné the intra mode, the coding mode
determination unit 12 outputs the spatial

20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.

When the motion prediction mode is selected,

the motion vector 5 is output from the motion
estimation unit 2 to the arithmetic coding unit 6

25 as information that requires coding. When the intra
mode is selected, the intra prediction mode 14 is
output from the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
requires coding.

30 The orthogonal transform unit 15 receives the



ort hogonal transform coefficient data to the 5
guanti zation unit 16. The quantization unit 16
receives the orthogonal transforlf coefficient data
fromthe orthogonal transformunit 15 and quanti zes
t he orthgsq}al transform coeffi.cient. data
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At guaktdzdtniédni ntreitalls so that the quantization
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when the residual volume 25 is
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control the quantization step parameter 23,
appropriate balance between a coding rate and
quality is ensured. Generally, the volume of
arithmetically coded data stored in the
transmission buffer 24 for transmission is examined
at predetermined intervals so that the quantization
step parameter 23 is adjusted in accordance with
the residual volume 25 of the data that remain in
the buffer. For example, when the residual volume
25 is large, the coding rate is controlled to be
low and, when the residual volume 25 is relatively
small, the coding rate is controlled to be high so
that the quality is improved.

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

quantization with the granularity indicated by the



subjected to inverse quantization by the inverse 5

guanti zation unit 18 to inverse frthogonal transform
The switching unit 52 selects for“output the tenpora
predicted image 8 output fromthe notion conpensation

uni F;u%thEJ_EH% ﬁt?%l’gtﬁg%ﬂ?g’fé%ﬁgﬁ 10 20" out put

fromthe spati on uni accor dance
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node ubnjfexr trat itdre 18ritb gehas tHeanBtd £R @6@f€@d¥bnt data
node, the switching unit 52 15 selects for output the
tenﬁ@bﬂeqﬂeduﬁQM1nMﬁﬁse qud pul zfatbohhdyothen inverse
conpensatjon unit 7. When the coding node information
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sel cts f output the spatial predicted i nage 20
out ?he spatial 20 prediction unit 10a. The

dd 3 h i qr hi '
&HSrSEtéﬁghgwﬁkgﬁyﬂggﬁhq %{ e?ﬁﬁeréﬁ olitput the
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| ocal |y deco I mage decoded i mag
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image 4 so as to be used for nDtlo predi cti

- 10subskqaerdpdt afeom Thheard pAREld T p@éd&bﬁmdnGunlt 10a, in’

subj ects coding data including the notion vector 5,

t h@eedrd@ mpdewidth i the nebddmd 3moide spfoirmhation 13
prediction node 14 and 17 the orthogonal transform
co@#?BP§mfﬁﬁﬂathet60Qﬂmﬁompiﬁddm}Qmm@ﬂﬁﬁgonounlt 12.

s de i bed |.ater and ut puts the codi ng result
gﬁ %ﬁﬁsﬁ?g dng, mode ? farmatlon 13 %ndlcates the

motion prediction mode, the switching unit 52
selects for output the temporal predicted image 8
output from t@e 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
prediction unit 10a.

The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to
generate the locally decoded image 21. The locally
decoded image 21 is stored in the frame memory 3a
as the reference image 4 so as to be used for
motion prediction for subsequent frames.

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

information 13, the spatial prediction mode 14 and




buffer 24 as the conpressed video data 26. 5 (2)
Qutline of the operation of the yideo decoding
apparatus The arithnetic decodin% unit 27 receives the
conpressed video data 26 fromthe video coding

appghat b 2ne  £CT 416 £HF5F! HS@%@iE%@%éEB{. 19 to

decodi ng described |ater, so as to restore the notion
vecéfk ropy Ne o@ith §9aer HAINY MBbi @t dpPs did¥rribed later
spatial prediction node 14, the orthogonal transform
coedhdcicant pdatsa tifeambd bagquaes ndat ivba sthep transmission
paraneter 23. 15 The inverse quantization unit 18

subpeffen h24 @= Hohenalompaestoed cocdédcdatia ddba 17

and the quantization step paraneter 23 restored b
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unit 27 indicates the 25 notion prediction node, the

notd PPagamessandNs b fedtEedimseged@ivedPdata to entropy
predi cted inmage 8 wusing the notion vector 5 restored
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mode information 13 restored 30 by the arithmetic
dedi@t hgnurvecepn ndli cathee closl 189 made Apformpgdion 13,
spatial predjction unit 10b restores the spatia

I
prédiet E@athad Rredissiae mgmde 414 preheci@phhogonal

T %gﬁsk%¥£rggé¥%£g%ent data 17 and the quantization

step parameter 23.

The inverse quantization unit 18 subjects the
orthogonal transform coefficient data 17 and the
quantization step parameter 23 restored by the
arithmetic decoding unit to inverse gqguantization.
.The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient data 17 and
the quantization step parameter 23 thus inverse-
quantized to inverse orthogonal transform.

When the coding mode information 13 restored
by the arithmetic decoding unit 27 indicates the
motion prediction mode, the motion compensation
unit 7 restores the temporal predicted image 8
using the motion vector 5 restored by the
arithmetic decoding unit 27.

When the coding mode information 13 restored

by the arithmetic decoding unit 27 indicates the



arithmetic decoding unit 27. 5 A difference between

the spatial prediction wunit 10a of the video coding
apparatus and the spatial predicl8on unit 10b of the

video decoding apparatus is that, while the spatia
prediction wunit 10a is capable of performng a step

of Aptraomsideci drhey siprhiaflyipyediectpatni abnit 10b
prediction node 14 froma variety of avail able

spafeAtpred ckhen spagdalt predhetad pid@gei @P unsting the

llﬂga'e%z%i%“#fﬁpreﬂeu%’fﬁil?frﬁfﬁ% s&f‘ﬁ%f%ﬁ‘#ﬁ?{aﬁ%ﬁdkwﬂg\rg
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suni t 7 or ”be fg%tfé‘ﬁc%r q@ﬁé'&&zgeﬁmi% accgaﬁnégr%”f%&lcubn

t he spatla prediction unit

theyaqdl NYoEPASs | RHIHY NBlilddo 1%o%£>lﬁest ﬁﬂrtbytﬁﬁe and the
arithmetic decoding unit 27.. The ‘Switching unit

the@palﬁi)&lsgfledidtﬁibﬁd umae 10p OE aﬁ@erviae@ decoding
the predicted i mage. The adder 55,.receiving the

pnabpaxhtnaﬁnsfMhathewmmﬁdntmeumpaﬁ4ahdpxdméction

predicted 25 image to the prediction error - signa

outtpnfttfrbﬁwatwes cmbéeorqﬁomformgoﬁn@hﬁp 19f most
as to ,obtain the decaoded |na 21. The decoded

107 m€f29+§n§tuead.emmémaae nﬁraﬁ%baéo PEediction mode

S i, arascrson
RS 2, AR e o] LR P ans o
ap%ﬁab@héf%%%ﬁbvgﬁbhgﬁdﬁﬂal predicted image 20 from

the spatial prediction mode 14 that is given.

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

20 restored by the arithmetic decoding unit 27. The
sw1tch1ng unit 54 then outputs the selected image
to the adder 55 as the predlcted image.

The adder 55,.rece1v1ng the predlcted image
from the switching unit 54, adds the predicted

25 image to the prediction error © signal output from the
inverse orthogonal transform unit 19 so as to
obtain the decoded image 21.

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

30 images for subsequent frames. A difference between




the menories. 5 ,(3) Arithnetic coding and decoding A
detail ed description will now be given of arithnetic
codi ng and decodi ng according tot¥he features of the
present invention. A coding process is perforned by
t he r|t metic _codin

docoPng SRR cTERAE Jed ciacans, she cppinthfn the
mﬂﬁ?f@%f@“éezlégygr Q%Fméadggfﬁyglﬂg ggﬁaﬁatus and

construction of t
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conprises a context np etermnation unit 2

bi ngti &z aldnfdr Bleist., 29, a probability generation unit
30, a coding unit 31 and a transm ssion unit
5gener ati g pnAlr i3Shmeéheic coonidedigmadel dererdimgt i on
unit 28 determ nes a context nodel (described |ater)
def i ned fPordeamqudzaesmmmont ypbbloﬂ%dPﬂg-gdaYﬁn of

|nclud|ngﬁﬁ?e notion vector 5, codlag
i Nt HRNBGE 18, cqdingpANQ| dyﬂ%fdiiéﬂ%na &erdmnsn&o the
% ogonal . tr.ansform coeffl cient, data

B2 O Ent iSRS AREREs il RSV A £7Hing process
eaéh ?e%efﬂﬁ\gfiz%cgd@ﬂ@%?itd@lﬁe@i@ ngl?ﬂrr{%nﬁﬂif@rs of Fig.

ypes o roba

1099@”5%80%lﬁ%&o@inésﬂﬁH@eQé"PQa idif¥rifed by the
occurrence of binary™ values (0 or I) for individua

bi raf ¥t ia@icécdecd d@ndi waliitzag 7od.£ Thegcodi ng uni t

31 executes 30 arithnmetic codi ng based on the

probabi | itig t hGs AMMowgereravakt fhetianspoifssibe arithmetic
generation unit 35 indicates the timng when the

ar icathbngc Wolitn® ehodlidf be3suhefieaxr bng dshsFidets5, the

dat a
arithmetic coding unit 6 comprises a context model

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

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

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

30 arithmetic coding based on the probability thus



constituting a transm ssion unit at the timng. 5 Fig.
6 is a flowhart show ng processes perfornmed by the
arithmetic coding unit 6 of Fig. 28 1) Context-node
determi nation process (step 5T1). A context nodel is

del th fi 10 d d f babi | i f .
C THPAE BT S 40 SSBRTIRNGE, o MESBIN fon wnse 35
var 5140304704 g PRI ol S S LOpHEREE oaing

prob states Tn ac

It ishow@aSipy esh%#%\éeammdi 0 P88 RhRA: & O gldtea 15

probability. Fig [ustrates a concept of context
nodelonsththitting, a2 PrAasmisbd oaynbialit saesu@dtiming.
Options 0-2 available for ctx are defined on an

Zssunpti ofig hab tile ar dlabwthibyrtst ahewinghpmatasses

synbols to 20 which ctx is applied changes dependi ng

on Perfesmed i by. theviaddd kBeitic acostinggumwithé of Fig. 5.
first enbodiment, the value _for ctx is swtched from

one to andt HePRt@XecBPGscleliarnipad HRBefRCeSSS (step

betgﬁﬁg}coding data for a given macrobl ock and coding
dat “a nei ghboring macroblock. Fig. 8 illustrates
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Codi ng", International 21 Conférence on |nage
Prosgathdls2@hl .- i nFo BRAteEn thead Sauses Welrevattion in the

to a notion vector in a mnacroblock
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 accotding to the first
embodiment, the value for ctx is switched from one
to another in accordance with interdependence

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

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

Marpe et al. "vVideo Compression Using Context-Based

30 Adaptive Arithmetic Coding", International



Referring to Fig. 8, for coding of a notion 5 vector
for block C, a notion vector prediction error
nmvdk(c), a difference between thélmotion vector for
bl ock C and a prediction thereof from its spatia

[ [ ded. d(C. k). .Lndi
e PR ekt € RS RARA s W oot hAAE RS, B, content
Prefisdd Phe§rd Of sf P PLOGH ¢ 2B éWng(t%%(oxg‘Q'e &2 8n a
notion vector prediction error for ocC . mvdk(A)

andma®tekb Bbcae e used to define an eval uated val ue

ek(C) evaluated for switching between context nodels.

15 The evRlefaedina ueoelr(iQ. i 8Ji chbes codiagi adfoa imotion
nmotion vectors in the neighbors. GCenerally, if ek(CQ

3 s yegtor midikf Bluidk Qavea anotimin wegptiendprediction
ek(C) is large, it is nmore likely that mvdk(Q) will |
havBIXqharB¥dlagh) vude. d24 IREE8RGigPgtWwern the motion
probability _of occurrence of  synbolg.in mdk
ﬁuﬁ?&qﬁﬁtf8§cﬁi955e9 Bk R?%ﬁ&@FlQPCgR%&?°f from
nmod IS .of- p ef.l set Q rJ4 at L pgs
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var i glilidh £8%S £ cBhAeRt! in{d/dg?_esti mate. Aside from
the notion vector, context nodels are defined for

1ocodi ng "dap@dkICA ydiiftHa § 88t RO mdRden ¥ eErRSt OprEdiction
the spatial prediction node 14 and the orthogona
traestrorim £oef flhToeki Kaaadlmvdk (e dodiedtesleasmotion
are shared by the arithmetic 22 coding unit.6 of the
vi deecésut nprasphe stion aar nde forr thiwidk Becowdl(A) and
unit 27 of the video decodi ng  apparatus. The context
nmodaYdkdR) nrxe i 8feshi ko2glefine an evaluated value ek(C)

evaluated for switching between context models.

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

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

25 estimate.

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

30 The context models are shared by the arithmetic



of the arithnetic coding unit 6 of Fig. 5 selects a 5
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of the probability for 0/1. The 30 probability
genseguiemmc enbly 3bheefleisatrd Zdeiddh wvnitex@9nsdelthat a
determined in step STl so as to generate the )

pr cbaBtiexy Bpdgtudserappdfiesl 1ton eagbhlpin. (binary

location) of the binary sequence. The rule for
binarization is in accordance with the general
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
reduced so that computation is simplified. Thus,
binarization has a merit of simplifying a context
model.

3) Probability generation process (step ST3)

As a result of the processes 1) and 2) above,
binarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an
estimate of the probability for 0/1. The

probability generation unit 30 refers to the
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Fig. 8 shows an exanple of the evaluated value 5

ek(C) for selection of the probagblity. The

probability generation unit 30 déTerm nes the

eval uated val ue such as ek(C) shown in Fig. 8 for
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process (steps ST3-ST7) As a result of the step 3),
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As a result of the step 3), the probability of
occurrence of 0/1 necessary for arithmetic coding
is determined and identified on a probability 1line.
Accordingly, the coding unit 31 performs arithmetic
coding as described with reference to the related
art (step ST4).

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

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

subsequently coded using the same variation of




According to this nmechanism efficient coding 5

adapted to the actual probability of occurrence is

possi ble. An arithnetic code 33 &ner at ed by the

coding unit 31 fromthe coding data 32 (0 or 1) is

fed t;r,ansmi ssd uni t, generation unit 35 and
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coded (step ST7). If the coding has 15 not been
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t epdapegetioortkd. adtiunli prebabmhitly tchfit oclmnrrence is
codi n%é),r ocess is conpleted, a transm ssion unit

genBf bhlﬁrocess descri bed 20 below is perforned.
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entirety of a binary sequence (bins) of the coding
data has been coded (step ST7). If the coding has
not been completed, control is returned to step ST3,
where probability generation for each bin and
subsequent steps are performed. If it is determined
that the coding process is completed, a

transmission unit generation process described
below is performed.

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

Arithmetic coding turns a plurality of
sequences of coding data into a single codeword. A
special consideration that should be given to a
video signal is that a decoded image should be
created in units of frames so that a frame memory
is updated. This is because a video signal is
characterized by motion predictidn between frames

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



voi ce/ audi o and for the purpose of packet 5

transm ssion, the conpressed data for transm ssion
may have to be partitioned into #Rits smaller than a
franme. An exanple of sub-frame unit is known as a
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decoding. In a typical exanple, slice data are mapped
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delags, real -time transport protocol (RTP) is often |
uselayahaue tesdret PRt tdigredt 4RFat uaddey £M3ltter than

header. 20 portion. Slice data for video nay be napped
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RTP payload in units of G 4 slices (video

10packets) .FgP PACKEU % ¥ LaltledSH Bliercas sWFhfaued s,
Since UDP does not support retransm ssion, the
entirety ofmakirasbloick nhy eaicieeded HgcatbtgerD lines.
appar atus when a packet | oss occurs. If the coding 26 1
of Gemesadely ,sla celdsten $tramthrieorissl ysed as a unit for |

information of the discarded slice, appropriate
ded?F KB Cr ABL 2R 5PH el BV EeG9ding subBequehYPical 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 protocoi (RTP) is often used. An RTP
packet has a time stamp attached to its header

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

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

RTP packets are transmitted as UDP packets,

Since UDP does not support retransmission, the
entirety of slice data may not reach a decoding

30 apparatus when a packet loss occurs. If the coding



slice data arrive at the decodi ng apparatus 5

normal ly. For this reason, it is _necessary to ensure
‘that any given slice is properlyzdsecoded inits
entirety without resorting to any interdependence.
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4 | eted. . For Sl j 5, th i ster i t to,
an AT GRS GLVER §hiEeokPng HePPENL I8FOdRT; s its
Lo . . J Lati on.t
o EHCHER LY, WERROHSE bRETE TNy B4 Bl 2y Jependence.
o | D \ . froc ) ’
Thuses eRamp Ly e hEALAPHY EhEIETLhEE S ice 5 is
10 esicodded ew ifthodeXpasiAg |Osfodm$t L6 Wf am@ueréBlocks

transm ssion errors is inproved at the cost of a
decleaxseted tie Sddicw Bf @ldeecyr 381Tloe t4absilswi.on
unit generation unit 35 27 according to the first
embodi nen¥ opr ovmpee wementodo fak khhmskiat gpdbng
i mprovi hg, the adaptability of the design. Mre
Spe&ﬂﬁkg&gypmmeg@qqﬁer, it is desirable to adapt the
probability of occurrence of symbols to surrounding
15 conditions or to maintain the process of dividing a
probability line. To code Slice 4 and Slice 5
independent of each other, for example, a register
value representing a codeword of arithmetic coding
are not maintained when arithmetic coding of the
20 last macroblock in Slice 4 is completed. For Slice
5, the register is reset to an initial state so
that coding is restarted. In this way, it is
impossible to exploit correlation that exits
between the end of Slice 4 and the head of Slice 5,
25 resulting in a lower coding efficiency. Thus, a
general practice in the design is that resilience
to unexpected loss of slice data due to
transmission errors is improved at the cost of a

decrease in the coding efficiency.

30 The transmission unit generation unit 35
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possibility of loss of slice data due to 5

transm ssion errors is extrenely |low, interdependence
between slices is not disregarded? but is fully

expl oited. Wien the possibility of |loss of slice data
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designation Signal 36 at"the end 15 of a transm ssion

uni posEiH 11 ARG SE Wb i brdasi geal idutai gnee 86 i s
provi ded as a control signal in the video coding

generates transm ssion units by partitioning the

codbnses dEpendenrcer hewween cdldcEs rbseinll fAigGregarded
the arithmetic_ coding unit 31 in accordance with the
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generation unit 35 determ nes whether codi ng of ta
forad@prricy@byodGnthatl el iini ounittsnsi sxransmission.
has 28 been conpleted, by referring to the

transm sive twanhsnds ghen cmitggenéfaltsiep greit 35
Wien it is determned that coding to build the,
entd¢epydoing to the first embodiment receives a

transmission unit designation signal 36 at the end

15 of a transmission unit. The transmission unit

designation signal 36 is provided as a control
signal in the video coding apparatus. The |
transmission unit generation unit 35 generates

transmission units by partitioning the codeword of

20 the arithmetic code 33 received from the arithmetic

25

30

coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.

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

macroblocks that fit into a transmission unit has



transm ssion unit has not been conpleted, control 5 is
returned to step ST1 so that the determnation of a
context nodel and subsequent step8 are perforned.
When it is determned that the coding to build the
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val ue, which 15 designates & probability |ine

segiedmsnes Sidhuanit . Rasamaeti Yuehi eomplleged, control
process for codeword representation, should be reset

5n tise mekurnednsoi sstep W1 . sbn tthati ihéablerermination
generated transm ssion unit, the register reset flag

i s o8& @oceatient caosde hapndhesnbgieqeendhodtgpe are

reset. 2. The unit 35 provides an initial register

val BETEPFr®®d ndi cates a register value to be used to
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100 S Ph@Vi geHndtm Ads 10 thAkt egbhbPat/bue whited S réBnstructs
the coding unit 31 to the transm ssion unit

genar e HdetnifoB85th FubsdPuehitust ransmibsbiifon unit as
stream generated by 29 the arithnmetic coding unit 6.

As deswriheld dhelbw s{stephed®@) .data for conpressed
video slice data includes a slice start

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

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

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

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

31 to the transmission unit generation unit 35.

30 Fig. 10 illustrates a bit stream generated by



code, the register reset flag described in "1" 5
above, the initial register value nultiplexed into
the bit streamonly when the re ter reset flag
|nd|cates that the register should not be reset. Wth
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Accordingly, the coding efficiency is prevented from
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and the conpressed video slice data being multipl exed
5i ntaboviee stihe Gbinittedanreglitstent walye ankhépd exed into
F| 11, the slice header data nmay be carried in a
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characterized by snmall delays. In accordance with the

separat e s t rhgsmsingn thedepreqgis ey rdésedr £lag and the
transm ssion of 30 headers and transm ssion units, the
datidh Boiatk anemiits e rusiabuRTR/nEPudedebd thepeurrent
partltloned into slices. Use of sllces baS|caIIg

edditee haazder,data. Accordingly, ding

efficiency is prevented from becoming low.

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

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

25 using TCP/IP that provides relatively high
reliability. The compressed video data is
transmitted using RTP/UDP/IP characterized by small
delays. In accordance with the separate
transmission scheme of Fig. 11 for transmission of

30 headers and transmission units, the data



nt er dependence (context nodel) between a video 5

signal for a given slice and signals for neighboring
areas to ensure that decoding fof% slice can be
resumed i ndependent of the other slices. This wl]l
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11, video signa
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shoypdiih g gff]i?cigncfy's_ | ayer above may be used to
i ndi cate whether a syntax conprising the register
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used. Fig. 12 shows a register reset control flag,

i ndregtiisigenhetttastua  isgynt mamsmptitssdigoviesr rEgPAEP, as
reset flag and the 30 initial register value is to be
useBhoWad ngn 3Figmil 1ilpl exddent®ignachdemast thehapded by

e el Iy oLt Chouihe| Bvalhobie: featent Mrdels in a
frame. Resultant arithmetically coded data may be
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.
Therefore, a bit stream produced without the
constraints of the slice structure can be
transmitted, while ensuring a relatively high
degree of resilience to errors.

In an alternative approach shown in Fig. 12, a
layer above may be used to indicate whether a
syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a register reset control flag, indicating whether a
syntax comprising the register reset flag and the

initial register value is to be used, being




circuit quality is low and stable video 5 transm ssion
may be possi bl e by conS|stentIy {esetting registers

t hroughout a vi deo sequence, register reset
control flag is set to indicate that the register is
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forcéachusti qudkitgducedlbw sSxé steablef sorideanpl e,

a specified circuit condition (for exanple, a
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corrprl Ses a Sm SSiI on unil Ing 1ni I on

unigy 3ée @ﬁrégﬁméﬁﬁ3ﬁWerf&%SVQéEﬁéﬁ&éﬂ“inz%hﬂs case,

bi nari zation u , a probability generation unit

1030 ené zelpioticy voislet38f1Ake dnanyniesioitbal register
decoding initialization unit 37 initializes, for a

tmwnmuemnmedmnoteb@\nﬂlthIEKEMﬁnncakmbdcm;bm-slice
process, based on added information related to an 32
arilﬁﬁﬁﬂhc codi ng and included in a header. The

context nodel deternination unjt 28 identifies th

type of C%\Yacqn‘érOildérﬁgf%W%@H‘ie‘?eﬁﬁé%{‘ﬁoﬁm a video

sequence level, overhead information otherw15e

15 transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+lth frame) in a video sequence.

Fig. 13 shows an internal construction of the
arithmetic decoding unit 27 of Fig. 4.

The arithmetic decoding unit 27 comprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38. The transmission unit
decoding initialization unit 37 initializes, for a
transmission unit received, an arithmetic decoding

30 process, based on added information related to an




vector 5, the coding node information 13, the 5
spatial prediction node 14 or the orthogona
transformcoefficient data 17 i s32o be restored by
decodi ng, so as to determ ne a context nodel, shared

by the vi deo codi ng .apparatus, and the_video decodi ng
appa.r&t%mewc m@glldbwmdedlw&@ efheimp a header- The
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decodi ng unit 38 perforns arithmetic decoding based

5on spatpidbapirdd ycithisn fots al¢d e Bhe mrehioyenal

the notion vector 5, the coding node information 13,

t hetypaxd Bd rpr et e £ifdre i ende datand 1 hi@sorttdvohenatestored by
transformcoefficient 20 data 17 _in accordance with

t hedBrRgingeqechcas rfe%uﬁﬁﬁﬁgrmiiam Ri FoRtert model,

T oRbaakd Ry 2\3 t-hd Svs é?ts'oof PoARRAER e 814 the video
27
Al Al e o
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eco I'ng unit iS |n|t|aI|zed efore arithnetic

dec@difihdd £bF t€He DASEALIFribA RULSHAMG eaattaBStype. The
flag and the initial register value 34 nultiplexed

i ntprebabil inymgeh@raibnsurnigs 30 shiicee § sthe
ST10), the register reset flag designating whether
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.
Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Fig.
25 13.
6) Transmission unit decoding initialization
process (step ST10)
As shown in Fig. 10, the status in the

decoding unit 38 is initialized before arithmetic

30 decoding is started, based on the register reset



the register value indicating the arithmetic coding 5
process is reset or not. \Wen the register value is
reset, the initial register val ud334 i s not used. 7)
Cont ext nodel determ nation process, binarization

o5 P BB A AT P el e S W oo
oL ey AN B ASETE £810e (v

Thege g PresIfs pe@ il fF8HeaS £188S deFdigPting whether
respectively, in the flowhart and the 15 description

theted regdstéedviinee tinegieme isgnithee acittlemetic coding
context nodel determ nation process ST1 identified as

% hepprazess 1H)s rleseak nax zadton Wipencdde STRgister value is
identified as the process 2) and the probabilit

gen&efebn mhﬁeégkﬂBaﬂdéﬁG#F&?%sVEGq%e3ﬁnk%s§9§ used.

inthe vid di tus.. 8) Arithneti
decodi ng- AodsB tER EpREra)  CRIAERBAK FPRy RFOC eSS

X f.bintqgb LSyl i £ .
b B f he a8 oG A B b dnata Ly Ggneration
resgggﬁ§e§ge_value of bin 25 (step ST11), in
accordance with the arithnetic decoding process

1odescri bedrdder phry€86e d® ke pekFoathédt by nthe context
simlar configuration as the video coding apparatus,

t hemdelmlli detenhind thont sunfike X8 pqudvecybdinarization unit
occurrence of 0/1 so as to update 30 the probability
of 3d8cwnénthefprobibiddtgyrsygerdrationcudditig3@nighown in
38 further confirns the value of bin restored b
conpadgngl B Fhasg mﬁﬁ%%%?%?r%atiﬂ@ﬂht&éﬁ%‘édatfy steps
theghinarhgati o0 tdl & ($48%, in the flowchart and the
15 description thereof is omitted since they are
similar to the context model determination process
ST1 identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as
20 the process 3) in the video coding apparatus.
8) Arithmetic decoding process (step STll)
The probability of occurrence of bin to be
restored is identified through the processes 1)-7).
The decoding unit 38 restores the value of bin
25 (step ST11), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparatus, the decoding unit 38 counts
the frequency of occurrence of 0/1 so as to update

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




ST12). 5 If the value of bin restored is not confirned
as a result of conparison with the binary series

pattern defined by the bi nari zat®4n rule, the process
identified as step ST3 for generating the probability

for
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1o gkl bApUel a8 SRS BIHLET sex e
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i ndicated by the matchinhg pattern are output as the

restswiz) data. If the decoding is not conplete for

the entirety of transmi ssion unit such as a slice

fstep ST13)X, thhe vartwet ofodeindetes tomatd ohs praotesonfirmed
of step ST1 and. the subsequent processes 20 are : .

per A redt PEYd:E e@ify apmpR heoBnWkEhy tdre binary series

transmi.ssion unit i s decoded. As has, been descri_bed,
accBﬁﬁ?ﬁFPoQQQQPF@ﬂbYeﬁ&ﬁﬂhéﬂﬁr¥6PQ%%%sﬁﬁ%90nthe
of
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the  Tegister £ ~thor

t he

eto, reset” flag designating

10 heprir@sses e pdWisnidW Ebe adi BRI €3dha&J (steps
process is reset or not. Accordingly, it is 30
possTBl,e sD1pgr fOT/M,cBIT NG W t hout | osing the 35
continuity of the arithnetic coding process. The
codi ng efIfcitdreyvadwai oifaihid, nestored isedon&igmed by
to transm ssion errors is inproved.
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successfully matching it with the binary series
pattern defined by the binarization rule, the data
indicated by the matching pattern are output as the
restored data. If the decoding is not complete.for
the entirety of transmission unit such as a slice
(step ST13), the context model determination
process of step STl and the subsequent processes
are performed repeatedly until the entirety of
transmission unit is decoded.

As has been described, according to the first
embodiment, for transmission of compressed video
data in transmission units such as slices, the
slice header data has the register flag and the
initial register value 34 attached thereto, the
register reset flag designating whether the
register value indicating the arithmetic coding
process is reset or not. Accordingly, it is

possible to perform coding without losing the



Decodi ng of resultant codes is also possible. 5 1n the
first enbodinent, a slice structyre is assuned as a
transmi ssion unit. Alternatively“®the present
invention is equally applicable to a configuration in

Mhi%} bﬁﬁ%glgeﬂuiFvg%%fﬁﬁgﬁéklon%iﬁgh§%5§gg@j The
ari tdygt h heqmghe sggga&g}ec ﬁ)hg'a'mwﬁ ﬂ%coaheg

unit 27 gccordlng to iment Will now

be Yeslesidmed. ton € HEnserDE i 0s} Fots ﬂetﬂmﬁroved.
the register value indicating the status of a

cod®eradifvgpno fheesul bttt ccoddisigipr aese pusaibde.

the status of learning of a variation of frobablllty
2stimate Im athentfikrstogmbodimentpl &l FLFFth ahé'uzroture is
slice header. The status of |earning, occurs in

pro&ﬂﬁ?ﬂﬁﬁ-@ﬁmﬁaﬁ?ﬁnﬁm%s%eo&sR%Etumﬁlﬁﬁ$ﬁ%%lvelyi the
occurr,ence of ch bi

éﬂiﬁﬁ{ébaﬁéf @#Yﬁg%%. 45 ( PR LERABAR nkR; 2
" Bl 150 AIPEQNe O RUATE! 3 2Bec BMle io

eff|C|enc ornatlon on t nmoti on

vect@ad Oh iRlOekn B qupye bI ock Cis expl 0| ted to
determne a variation of probability estimate.

10Accordingly, if block C and block B are |located in

difference slices, the information on 30 bl ock B

shoSled dred p emlend échefmom bei ng used to 36 determ ne

the probabili of occurrence. This neans that the ) .
codlm;efAnnﬁﬁé?ﬁmﬁti@ﬁﬂ@ﬂnﬁd§#ﬁ§§kﬁﬂmﬁém#hﬁearlthmetlc

proba%llt of
ing"unit 6 and the arithmetic decoding unit 27

according to the second embodiment will now be
15 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
20 slice header. The status. of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.

For example, referring to Fig. 8 in the first
embodiment, in order to improve the arithmetic
25 coding efficiency for block C, information on the
motion vector for block B above block C is
exploited to determine a variation of probability
estimate. Accordingly, if block C and block B are
located in difference slices, the information on

30 block B should be prevented from being used to



occurrence is adaptively determ ned using a context 5
nodel . Accordingly, the second eggodinent provi des a
nmet hod and an apparatus for inproving the

adaptability of the design. The coding efficiency

Wit i h.1he nSm SSion tie C ,
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errors is extrenely low and the slice- 15 to-slice

i ntecdapaneroee inmyalda pit svedar dédtiermineabeushi@rge a context
the probability of loss of slice data is high. Fig.

515 m@d® an i nternal construction of the arithnetic

coding unit 6 according to the secaon 0 enbodi nent .
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unit generation unit 35. Fig. 16 is a flowchart
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coding unit 6 of Fig. 30 15. 37 An immediately

appkrteaid ep enfifegreacd if roesplect | ofichar i tdmét e acoding is
according to the first enbodinent is that the context

mdke disnegsgdeditbut fully exploited in a case where

the probability of loss of slice data due to
transmission errors is extremely low and the slice-
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
embodiment.

A difference between the arithmetic coding
unit 6 according to the second embodiment and the
arithmetic coding unit 6 shown in Fig. 5 according
to the first embodiment is that the probability
generation unit 30 delivers a context model status
39 to be multiplexed into a slice header to the
transmission unit generation unit 35.

Fig. 16 is a flowchart showing the process
performed by the arithmetic coding unit 6 of Fig.

15.
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occurs in the process of step ST3 for generating 5 the
probability of occurrence of 0/1 & each bin, 1i.e.
the |l earning status 39 that occuPd in the probab|I|ty
generation unit 30 as it updates the varlatlon of

probabi ity e t

mﬂtlplexe |%§g@§1 Fl&;#gggéClQB? %fﬁe nce from the
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unit generation unit 35 for constructing a header for

t heembddimarsti §si @hatnitthe i oatdxt!| Model status 39 that
configuration as the register value that occurs in

t heolgiawr§ &m thhet ipreocdsig of. 5terpc8TS ofort gersTtating

Fig. 17 illustrates a context nodel |earnin ?b %tatus. b bi
i foge eac in,
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transm ssion unit. his nmeans that the final status
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be equal to the initial status of ctx in the k+l1lth

t r ahEANSIN 8 SEPUNENLY . gentehrapioanity 3B, foir of
occurrence of 38 0, 1 "in ctxk+1gp 1)=0, 1, 2 is nmde
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0, 1 in ctxk(n-1 he transnj ssi o nit ene ation
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value that occurs in the binary arithmetic coding
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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.

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

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

" This means that the final status ctx*(n-1) for the
kth transmission unit is made to be equal to the
initial status of ctx in the k+lth transmission

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



transmts data indicating the status O Ci Xk (n-1) 5

in the header of the k+lth transq%;sion unit. Fig. 18
illustrates a bit stream generated by the arithnetic

coding unit 6 according to the second enbodinent. In

the ‘ﬁ,eCan!?r@QQ"‘mapﬁa—lt heo sl ijce neadern 186 P HBC equal to
conpressed video slice data has infornmation

i nditdeé | pg dbebg eyt pandep stratdiScair ddgceP’orced,nd in
slice attached thereto, in addition to the slice

st aatxber 1hhe Thei stransesitsibag wndt tenkmiati Bbn unit 35
regi ster value according to the first 15 enbodi nent
showFamsmiigs 1datiay dnddiaat hag vieheosfiatnsgt iooh otx*(n-1)
$he.seco§d enbqdi ment, the re&ister reset flag may
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stagéTdrd Enidb@himeagdeor not. 25 Fig. 18 shows the
slice header data and the conpressed video slice data

bei ng mul Tnplteixed sigi®ndt kensedE e htSt 996 slice header for
Alternatively, as is described in the first

1 Genbbbienerempttas seidcer hédeders Hate nbytabd zar dindibimaa ion

separate bit streamfor offline 30 transm ssion and
t helB8datiag dehe montext 3vodel ashedtusepdt che
i nf or mat i nlwﬁéicing to the corresponding, slice

heaBEPCEH LN IFi§L 1¢¢ bhachednthemetoonsiruadditdon to

thethe slice start code, the register reset flag and

the initial register value according to the first

15 embodiment shown in Fig. 10.
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In an alternative configuration of the second
embodiment, the register reset flag may include an
indication of whether the context model status is
multiplexed or not, in addition to an indication of
whether the initial register value is multiplexed
or not.

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

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

transmission and the compressed data may have



arithmetic decoding unit 27 according to the second 5
enbodi nent. A difference-between the arithnetic
decodi ng unit. 27 according to thei econd enbodi nent

and the arithmetic decoding unit

according to the

first enmbodi nent shown in Fig. 13 is that the

transptayed URide feeedi 1 wﬁfbﬁhﬁ¥ﬁbﬁnf@fbfgiﬁg to the

of the arithmetic decoding unit 27 according to the”
secanolr eixslb nEritn gekilies 6 hiea gept @k tandel status

39"for the Imediately preceding slice nultiplexed

into the Hehder 19 shawmobdnintpqyméramnatnu¢tﬁuh of the
so that the context nodel status is inherited 15 from

t he dFdhtdmati¢ srecediing snindet 27gangnﬁang to the second

fl omchart, .showi ng a process perfornmed by t
Ari EBRPALRRR B Yy gmﬁfgqe&cqqgetwggn/phe arithmetic

t hat! FCERJ T 190" (HaR ST AT

.difference between-Jhe flo hargS$POF¢ﬂF Zsoec%%cfl embodiment

contl R0, 4B EESd T QbR Bpac HARE d7Cgecoraing to

heaqgfe i 819U PUbm a%',?. diec ?ﬁ:v?xfx gtnepF§§f3 o?‘é is that the

generating the pro Ity o occurrence 1 for

eackh imsh £Lish Wit d&8odday xiln fPdallization unit 37
determned in step ST1l. The contekXt nodel status 39

10ut pft thestaapi Chetsigseletoddangramrith@7 according to the
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probability of occurrence of 0/1 in the probability
geneexand emboddment| [dehéviembethd comektnumedel status
is extremely 40 large, carrying of the context node
stadds fort fhesimmediadelynprsceding dkifeadultiplexed

caused by ﬁllce headers. In this case,_ ¢ontext nodels
pro%P e header to the probablllty generatlon unit

30 so that the context model status is inherited
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
and that of Fig. 14 is that, in step ST10 for
tr&nsm?ssion‘unit decoding initialization, the
context model status 39 resto:ed from the slice
header is output to the process of step.STB for
generating the'probébility of occurrence of 0/1 for
each bin by referring to the context model
determined in step ST1. The context model status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probability .
generation unit 30. )

If the number of context models is extremely



significant contribution to the coding efficiency 5
may be sel ected so that the assogiated status is
mul ti pl exed. For exanple, notion vectors and
orthogonal transformcoefficient data represent a

| ar Q%ré’@ﬁtic‘%f%ﬂ?i &Rt ?:f%ceéirmexe' WEae? @dthi® in the

10 status may

e inhHerite r these context nodel s

onl g1lildhe heppdéet Gant esluslel afroweiredfecaiséds by slice

is inherited may be explicitly multiplexed into a bit

strb@adershatInhéhsisait casmy bentsekécmodé)s providing

inherited for inportant context nodels 15 dependin

on
t hesi@dbificanti eenthmibadeles ite Vh@e@oﬁé%segﬁé@ iency

descri bed, according to the second enbodipent,_ for
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uni&s the,slice header data 20 has the register flag,
%ﬁEter value 34 and the context nodel

register eslgnafing _ e regrster valu

| ndt galn HPohe @6 biFEd 1 ent00d A8 P’ PERTRd EntesLl1 8k ge
not, and 25 the context nodel status information

i ndpoati ignt Hh €hHet &t liRdel colding oblidite so that the
I medi ately preceding slice. Accordingly, it is

10possthitars omper floemimdveirigedt fioxt theise chatext models |
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continuity of the arithnetic coding process. The
codPRdYef f ThieerfeyPes 30 @anfiektedodpll £@Fewhich the
resiligpce to transmssiqQn 41 errors i oved.

{heFLBEGR RbohEmitadomaie Ber eralaq LELZ bl Lplexed

as f\nkgargsni')g_sti osnt%réiatm' élot YHs |\4:elllg .sttr.lsletus may be
selectively inherited for important context models
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
has the register flag, the initial register value
34 and the context model status information |
attached thereto, the initial register flag
designating whether the register value indicating
the arithmetic coding process is reset or not, and
the context model status information indicating the
context model status of the immediately preceding
slice. Accordingly, it is possible to perform
coding without losing the continuity of the
arithmetic coding process. The coding efficiency is

maintained, while the resilience to transmission




present invention is equally applicable to a 5
configuration in which a video frgne is a

transm ssion unit. In the second odi nent ,
information indicating the context nodel status of

the g4 di atel X#ﬁ??gidn.g slice is attached to a 10

current header. erefore, referring to Fig. 8, even

when bl ocleC eRd K OEKknR | SHBELREN tPF e4edilNt e P@CGkucture is
C are located in different slices, the coding

ef f lacisamgd sa s nar ascdnihridighopy abakit . tyl edaniatiiarely, the
usi ng context nodels, by exploiting the 15 context
nod@resents ofveindcko® iirs dequadihyngpphkicable to a
i%obability for block C. The coding efficiency with

i ERnhtgbrALirdsion Whiichsacoukders taps iefya
controlled.such that the slice-to-slice
i nt ERECPs Ybt tdi sregarded but the context 20

&
nodel status r the i di |y precedin i is S
TulTy oxpidh refie (7ol SRbBiReREro I BartF g on
| 0s$ nefi S t46 fa NSWHS O Sd
| 0550l 64 LR H24R &l h HETABATLOBHLRES IE the
i mﬁn@@iawwe?ﬁ&:éalﬁ@ i §17ele UsBd AElate®5to a
slice-to-slice 1nterdependence is disregarded in a
10caseumrertt e adelrabi They efokress vé ferrendattoi ¥ig. 8,
high. Referring to the bit stream syntax shown in
Fi geve® whensdebadkendodintknt lbak bBerimeediiatcell y3preceding

assum ng that information indicating the context 42 .
nodRLOStkat Gs IR 4RCA T Adt Ha | didferent pFld&fshg the coding

o11eP g% Ahhag ol s cld sprliendor, b sl PR 1O

adaptation using éontext models, by exploiting the
15 context model status of block B in determining the
probability for block C. The codihg efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
model status for the immediately preceding slice is
fully exploited in a case wheré 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
slice-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

Referring to the bit stream syntax shown in

Fig. 18, the second embodiment has been described

assuming that information indicating the context




val ue according to the first enbodinent. 5
Al'ternatively, the register resey,flag and the
initial register value according to the first
enbodi nrent may be omitted so that only the

| nf gvothé 1 08 tiath § atfigyd HBQaCO:Dﬁe’éhémﬂﬁheiiﬁéﬁélfyl’rprecedlng
data in the immediately preceding slice is attached 10

in eddrel ise drradehed\ far dcliels)l i¢be haoadext in addition
nodel status reset flag (see Fig. 21) may be provided
|rréﬂx§h¢vﬁagl&nanmwesh¢rﬁ%agtandesae indgiall register
the i ial register value according to the first

enb&ﬁ taSQQEﬁ6%Qk%P §%ﬁh§%r®ﬂyeQQQMkmepﬁe
PR TRAH VA LY ue Y5805 FLEEET (hebeinibhag apd the
'rmiglm: lt§%§f§£§9 gﬁlsﬁé%giéﬁég %%ath%tffrst

ely pr I ng s Iceis a for use

decefbdd ikenthing e'ﬂ@%ﬂﬁ@t&dd‘sﬁﬁ'@ dt® d(‘b%kr %be

given of the th|rd enbodi ment I n mhlc transnf ssion

uni Lafairmateedl r YAEE fKELAi tHet @n€dkd model status for
partitioning format 25 in which coding data are

gr odpta acmotdiengimmendiated yt ypeecedinganpl fce is attached
expl ai ned below is taken from Wrking Draft Nunmber 2,

10ReviBi gRch sVimaibender. altesaabived kehohe context
dlscua i in Joint Video Team 30 (JVT), of | SO |EC MPEG
and®P¢8iT SrEusThEegel 1 £189 g seCohiIas Shhy I&¥ abe

| FRal b GG AP B i 0 e rese
Thee g5Ula ARt 4 2 HYi1d P reglster value according to
the first embodiment are provided, so that only
15 when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for
data in the immediately preceding slice is attached
for use in decoding.
20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25 in which coding data are grouped according to a
data type.
The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-B118r3 for
a video coding scheme discussed in Joint Video Team

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




transmtted in the formof slice data. The slice 5
data (data unit) constructed by §ouping is of one of
data types 0-7 such as those shown bel ow, for

exanpl e. 0 TYPE- HEADER picture (frame) or slice header

10 HiledEo MBHEADERnIREY 0RladCK Deadey &Bf ar r@%é@&fic type as
(codi ng node informati‘on) 2 TYPE MVD notion Vvector 3

TYPE hehfe CBR o Mhaic 201 6EkRFOGDAAL tdPDEROISructure as shown
coefficient pattern in macroblock) 15 4 TYPE 2x2DC

or t Aegdhig -t Yansd semgoetpied enTheatmes@l)t&nt data unit is

TYPE_COCEFF_Y orthogonal transformcoefficient data .

(2) tEapspitted EnotthegdeamteinFbiaecoFtaci &he slice

0 data ( 7 TYPE ,ECS end of stream.identification,

ot B3 | bfia iy B4 SOnS I REE o Bk AHGPBIBG LS Of one

TYP ' ransm tt as slice ta in ich are 25

col §m€§$§skﬁhég}gﬁ%%59§§cﬁsi%ﬁﬂ%ﬁt? °YPe§§i%§' for
thegﬁaﬁﬁg}ggcroblocks fitting into a slice.

Accordingly, when the k+lth slice of a type TYPE_MWD

is subject to decoding following the kth slice of a

type TYPE MWD, only the context nodel 30 status for

nmot 0 ORNRE t BEADER Upliicigu e ((her&ame ofosd s Iheekeader
slice should be nmultiplexed into a header of the

10+ t hTYIHR.cMBHRADRE tmac TR oD detadern infdemabion

al l ow t he context nodel |earning status for
ari { FREANG cBAd]y bREAKMakieRlors to be 5 inherited.

2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform

coefficient pattern in macroblock)

15 4 TYPE_2x2DC orthogonal transform coefficient data

20

25

30

(1)
5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)
6 TYPE_COEFF_C orthogonal transform coefficient
data (3)

7 TYPE_EOS end of stream identification information

For example, a sliée of data type 2 or
TYPE_MVD is transmitted as slice data in which are
collected as many motion vector information items
as there are macroblocks fitting into a slice.

Accordingly, when the k+lth slice of a type
TYPE_MVD is subject to decoding following the kth
slice of a type TYPE_MVD, only the context model

status for motion vectors occurring at the end of



Fig. 21 shows an exanple of bit stream generated by

the arithmetic coding unit 6 accgyding to the third

enbodi ment. Referring to Fig. 21, when nption vectors

are collected to construct slice 10 data of a data

typehe ckt RYBE MO, stieutld ase hRadeyiphagkedi t 28ked a header

thereto a slice start code, a data type ID

desPéndih@gk¥irch Wb ice comtiexy i mgdet hesTAMRE_M¥$etdata, in

fla nd information indicating the context node

st aP 48 &%r tRoE bloVedthr scomiextngmadeln twrning status
[ ce. Wien on]y orthogonal

{r ok @ForAR LEBAR o EnES kb @5 BPTidR: XeGiRrS dio be

5TYR§Hﬁg§@fﬁgaare collected to construct slice data,
the slice header has attached thereto a slice start

code > (818,201 YRR das Aehiga I BE S ek dan

pon;ext_nndel status reset i on
i ndgeneirge édeb C@héﬂaf@éﬂmé%EEU%Jéin?wJWﬂﬁn% according
e

transform coefficient data occurring in

i nieeli &hel ythpreceelnbg dimeat 25REf@r2inghavs Fi%gy. 21, when
slice header data and the conpressed data being

muiIRe BLeReV ¢ ate theazaechilil ect edarho Abbarstatied yslice

10thedslice header data may be carried in a separate
bi 9%t Refh 13r %3 | R¥ P& r dnoF SEYBE_M¥WPyhdhe slice header

co ssed dat a have 30 attached thereto ID

i n%%%??%ﬁ%p&”ﬁ%’%r@azq he8 Ai¢Er sddbhdiGRAGKi & data

he d . f; ' t LQ. the arithnetjc

coqEe e A BB IEA B, SRR, MYy R bl ERAE model

i mgl e t t r 1 SN Uni t . .

goreraPIEN EowER fPhg Mnal AHTB ERAAN AR, Spicating the
qontext 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

2

status reset flag and information indicating the
context model status for orthogonal transform
coefficient data occurring in the immediately
preceding slice.

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

transmission and the compressed data may have

30 attached thereto ID information referring to the




1

a slice in accordance with the. data partitioning
rul e described above, so that thegd D i nformation
designating the data type and the context node
| earning status corresponding to the data type are 10
col lecreesposHiiosy dalldceecheadey datag. 19, the
arithnetic decoding wunit 27 according to the third
enbodi mrentReferimiphgntiot dtliguchl  hatthd oardrtilithesttic coding
decodi ng, a context nodel to be used is determ ned by
al | d%?hg P5 ameorhiRg $4 okhenithisdogmgodiment is
initiallzatio nit 7.to potify the context, nodel .
dot S hERETE R Suh sHafoths LERET LS ANTR pheLt
& Nt l,JC I g cd nt ext I i,ng .
St gg RO ML ST e L BRTRNE s MRS TGN %ata in
al | anigipibhe 20 WANSFEaHOE 4949 Pad Matal ig@&ttationi
unit 37 to notify the prob_abiqlq"l ty generation I%Jn%‘t 3010n1.ng
of thel e caRisaxi iBRAE| abB¥ e NE oSN AE. tiPehaD PERFormation
descri bed, according to the third enbodinent, a video
si gl s i gnsuthi mgt tthee 28ad@npteps candodilng by rheér¢ model
divided into transmssion units grouped according to
pr ed@aF iRl Yhakus peorreepeindbbng graul thieeldagantype are
40 the transnission unit is arithnetically coded such
haF°§lo]u?ﬂ§elds BnSinE€8 SRBAross bounds of

transm sspon units by, inheriti 46. inste of . . .
resﬂﬁing? %ﬁf§ﬁﬂ&ﬂt8clﬁ?éﬂg?'pFBﬁﬂﬁFFt neLif ngecoding
st a r ralsi r 1 §S ury I .

s d rom cgéduﬁ]et%dgtgﬁ@ ﬁf?ﬂc%@%?r‘?}q@?ng is

groupéed according to a type.

hi ghngaceRente &' gq;cé £RSt | €26% | SretHied i dabB®ding, a

coding efficiency o
context model to be used is determined by allowing

15 the transmission unit decoding initialization unit

37 to notify the context model determination 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

25

30

notify the probability generation unit 30 of the
context model learning status.

As has been described, according to the third
embodiment, a video signal is subject to
compression coding by being divided into
transmission units grouped according to
predetermined data types. The video signal
belonging to the transmission unit is
arithmetically coded such that coding is continued

across bounds of transmission units by inheriting,



arithnmetic coding is inproved in a configuration in
whi ch data are grouped accordingé%o pr edet er m ned
[

data types. Wile the third enbo

ment assunes t hat

slice 10 structures are organi zed according to a data

{YPe ndedal IFASPLINADIHE | ¢ KEISR(DBIES dRY Al e

organi ze

according to a he exanple o

bi t pﬁd@@mmrﬂzﬁni@;aqqx ﬁhgg st 2tle #hbnd endodigEnier

shown in Fig.

is 15 assuned that the header of

sli cradpsmiberiengunene dalsd t?@adwédahw&edihtgerebo the

a cont ext nodel status reset

l ag and i nformation

i nddedtd ngyplees Aopbaxdingdgt, saathuisgbf démgreenotheerror
i medi ately preceding slice when the flag is off.

Al t ek} venge 2bsi ens ured andothgueadighdagfifibciency of

bit stream syntax _gccording to the se¢ond enbo%Lnent . .
ehoftd HhEeE Lo 20 dding hiiddmBFoNed elfai FOPLETUTation in
i ven s a e na have_at} ached theretq a t .

moct S R APE G SRR HPERRITRE N6 BRE St ernined
thedggﬂgegngRpel 25 status of data in the i medi ately

precedi ng ice when the flag is off, in addition to

the regi sygild eghle ftRPranthbedithéhd! dLgume’y that slice
value. Alternatively, the context nodel status reset

10f | agt rumyt bee@ridtedoxgédhdizédeaicdordanonto a data type

15

20

25

30

i ndicating 30 the context nodel status of data in the

i medi at dyansmips ededi mgnditi ceviislend wiyame s anbatl 24ds0 be
use in decoding, irrespective of whether the register

r esR¥ IAHZ @Ad a%ROrAiin Gl teeR sdataatiPer e

\F/’IT g\égded.lg lt'?lé hgxfalrnrpS et %rfoug?_tt hslt[.ge%rx{\boglyn natxS according

to the third embodiment shown in Fig. 21, it is
assumed that the header of slice data for a given
data type has éttached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Alternatively,
in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model
status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

the context model status of data in the immediately



data is given as an exanple of digital signals. The
present invention is equally applscable to digital
signals for audio, digital signals for sill pictures,
digital signals for texts and nultinmedia 10 digital

si gpateced iy chltiaseiar @ 14494 dvchbadarsorangse in
second enbodi nents, a slice iS5 given as an exanple of
di gidetodiigpl irraspestiiore uoift whethlear tbhed register
enbodi nent, a transm ssion unit, constructed

acc&efiff tfdamt ants phet iinbbiad foegisliert vadwatare
in a slicg according to a data type, is given as an
exaﬁ?ﬁlc’e‘.'l R-er nati vel y, an image (picture)

t t f I it | , 1.e. id )
T rame, mog ol B8 £iAah Ehadogh thiFY subosinents, video

i nv i-on:al so: find 0. an [cgati [ . rage
systagmépl%}gt |séégsza,szaaﬂstegggééi%ni(?? Fﬁ@:egéqo?sghgnals. The
t r apgiESSH N 1HN €; &C d RS s
P e en My énTio el a0 eég?fyge%?bgﬂ i ngth'a to digital
si gadlgrnlis nFoppaddidls daePi €ang s Pghla Presentsill
invention is suitably used for transm ssion of a
conpieddrxiesyi dbbgditarial signel sh foihi gexdeyr aadfmultimedia
resiliency is ensured and the coding efficiency

error _ | |
10¢ orgseléra%hﬁétgrtaégdim whiiahr bhese4aredmimed. A

15

20

25

30

di gi tal sjgnal coding apparatus for_ neking_ a .
comnesytﬁ %&ﬁnﬁlﬁs%.Gpﬁt%ﬁcﬁ%ﬂm?@bQQmﬁﬁQ§%g:aa81lce

Cou #9gY dn 8o bt MELAC GO0 P P dydid g one

e shetpthgacielanaons Uk 08! il idhene s

Si gneanist 6 ¥ 5 ¢ AL t8ACHoRRILE BB WY £d iR e 0 data
partitioning for collecting data in a slice
éccording to a data type, is given as an example.
Alternatively, an image (picture) constructed from
a plurality of slices, i.e. a video frame, may be a
transmission unit. The present invention also finds
an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

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

arithmetic coding is improved.




coded, nmultiplexes into a bit streamthe information
representing an intial state of probability of
occurrence of the context of nodel corresponding to
the type of said coding dataggwith a bit stream as
part of the coded data of said predeterm ned unit. 2.
A digital signal coding nethod for naking a
conpression coding of a digital signal, conprising:
arithmetic coding said digital signal by determning a
context nodel to be used for each type of coding data

Chimsg a plurality of context nodels; dividing said
digital signal for each predeterm ned unit to be
coded; and multiplexing into a bit streamthe
information representing an initial state of

Lpr okedigital signdl codinguapparatus fof makingoporapressipn godipk of a digital signal,
corresponding to the type of said coding data with a

COMRprisigg:r eam as part of the coded data of said

predetermned unit. [ ..
a coding unit for arithmetic coding said digital signal by determining a context model to be

used for each type of coding data among a plurality of context models;

wherein said coding unit, when said digital signal is divided for each predetermined unit to be
coded, multiplexes into a bit stream the information representing an intial state of
probability of occurrence of the context of model corresponding to the type of said coding data

with a bit stream as part of the coded data of said predetermined unit.

2. A digital signal coding method for making a compression coding of a digital signal,
comprising:

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

dividing said digital signal for each predetermined unit to be coded; and

multiplexing into a bit stream the information representing an initial state of probability of
occurrence of the context of model corresponding to the type of said coding data with a bit

stream as part of the coded data of said predetermined unit.



