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apparatus, a digital signal arithmetic coding

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

30

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

representing a plurality of symbols as a single



The concept behind arithnetic coding will be outlined
by referring to Mark Nel son, "Arithnmetic Coding +
Statistical Mdeling = Data Conpré&ssion 5 Part 1 -
Arithnetic Coding", Dr. Dobb's Journal, February
199k odbwioxrfssuned that an information source
generates information synbols conprising al phabets

and a nmessmge Eadée5$75$hEﬁ&“éfb@ﬁﬂé@i#ydHWEﬂg:%Hll be

The probability of appearance of 1ndividua

charactbined dpf imefleas ishgwao Mty Nel#6n, "Arithmetic
indicated in a colum "RANGE" of Fig. 1, portions of

a pCoshbngi ty $tadicticed Modeleimgnt= [Mathk) Campression

épigyel establ i shed for respective characters. 15
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pro§§3§. First1 ége letter "B" is coded. This is _done
in CRPFBRMYortPddm i ¥hi AF AFanged (§hat can) ignfepmation
pro [LLLY J] for that . character. Therefore, the, .
|et?§ﬂ¢%é §§$§§6%$ %8?ﬂfﬁa§&°%fsﬁﬁ§Piﬁlﬁ?@ﬁalﬁlng
LowauHHEb kR & Nenpa F . O..,% 10 wl's
subse?uently, tﬁgar%g&(‘ee %.%",eo. ILIl'dg‘r%t%ldbfelsed % the
proagst lhetd®a¥1yB'cd8ebegarded as a new segment
(0, 1) so that a sub-segnent [0.5, 25 0.6) is '
10identifi efiheheprobabhbigyocess apfp@avhiwed i e FCoOthAGvidual
is a process of successively bounding rages on the
pr oBhBinae yerisnel s Rdebineg tae phocessihorFige 1. As

characters, the result of arithmetic coding of "BILL
GATERA 1icagd, ¢t e3e QLUBS 2" RAWGE! uef” F Lg721677pertions

o 8£3a FEBBAL A LRy 1Ene ULE:0ed By & 'Sigment (0, 1)
are uniquely established for respéctive characters.
15 Subsequently, the characters are subject to a
coding process. First, the letter "B" is coded.
This is done in the form of identifying a.range
[0.2, 0.3) on the probability line for that
character. Therefore, the letter "B" corresponds to
20 a set of High value and a Low value in the range
[0.2, 0.3).
To code "I" subsequently, the range [0.2, 0.3)
identified in the process of coding "B* is regarded
as a new segment [0, 1) so that a sub-segment [0.5,
25 0.6) is identified therein. The process of
arithmetic coding is a process of successively
bounding rages on the probability line.
Repeating the process for the characters, the
result of arithmetic coding of "BILL GATES" is

30 represented as a Low value "0.2572167752" of a




conpl eted. Adecodi ng process is an inverse of the
coding . process. 5 First, the coding result
"0.2572167752" is exam ned to detyerm ne a range on

. the probability line in which the result lies and
~determine a character assigned to the range. In this
caséegmentesa fter Bthel(cdddmenf bdr .t hbe 1ottt eval v is
for-"B" is subtracted fromthe result and the
resGomplefgdie is divided by the magnitude of the
range of "B" produci ng 0.572167752". This enabl es us
to restor® 42COd}REs PHRFRG & oLBhR BedMiRIEe RE the coding
0.6). 5 process is repeated until "BILL GATES" is
res%gln%3&5y decodi ng. By performng an arithnetic
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and decodi ng so that heavy conputationa
| npoBadacibeze Ppsslilpiedans adleesE8ddy. 2¥n this case, we
fl oati ng- poi nt deci mal conputation using, for
codeaste rep”dtnt ati on, registers of an integer
type. The Low value is approxi mated by a power of 2
1050 that RherRatsenn thed HWovi Sahuse ef oepl B ed sy
shi ft gﬁerations. 30 ldeally, arithmetic coding
acEHRFEG G betheL BBV L he gazhildeRAoddte aRamdsant value

enwgmﬁi%¥gggEﬁ?piﬂﬁtgagnitudé'of the range of "B",
producing “0.572167752". This enables us to restore
“I" corre5p6nding to the ségment [0.5, 0.6).fThe
15 process is repeated until "BILL GATES" is restored
by decoding.
' By performing an arithmetic coding as
3 described above,‘a message of extreme length couid
be mapped onto a single codeword. In actual
- 20 implémentation, it is impossible to operate with
infinite decimal precision. Méreover;
multiplication and division are necessary for
coding and decoding so that héavy computational
load is imposed. These problems are addressed by
25 floating-point decimal computation using, for
codeword representation, registers of an integer
type. The : Low value is

approximated'by a power of 2 so that‘mﬁltipliqationi

and division are replaced'by shift operations,

30 Ideally, arithmetic coding according to the above-




the probability of occurrence of information synbols.
More specifically, when the probability of occurrence
vari es dynanically, the coding 5 &fficiency higher
than that of Huffman coding is available by tracing

t he varlatlon and updating the table of Fig.
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problemto be addressed is that, when an arithmetic
COods agMFMESSF IS ﬂthéﬁQbsMbhelwxhﬁﬂt%\%HQQdeHBws

and 30 the franme has to be divided into small units

suche8y nash paokiet a idoan f pf otrr cesampdie®pn, MER®Hd2Ng bice
structure} in order to minimize degradation
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
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
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

the frame has to be divided into small units such



packet cannot take place wi thout the immediately

precedi ng packet data so that significant adverse

effects on video quality result vihen a transm ssion 5

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

present invention addresses these problenms and has an
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occurrence of “codi ng synbols nay be determ ned,
of providing a digital signal decoding 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



based on dependence of the digital signal coded on

the signal included in one or a plurality of 5

adj acent transm ssion units, the @robability of

occurrence nmay be | earned by counting a frequency of
occurrence of coding synbols and information
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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 synbols, based on dependence 5

of the digital signal decoded on %he signal included

in one or a plurality of adjacent transm ssion units,

and by learning the probabilit by counting a
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a video coding apparatus (digital signal coding
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present 5. invention. Fig. 4 shows, a construction of .
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show ng processes perfornmed by the arithmetic codi ng

uniinfe@fitifig,5 instead of resetting, the arithmetic
coding status for earlier transmission units or the

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" 1is 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 exanple of context nodel for a
motion vector. Fig. 9 shows a sli&e structure. Fig. 10
shows an exanple of bit strean1 generated by the
arlthnetlc coding pnit 6,10 :Fig. 11 shows anot her
exanpl e off b¥t 'SStiBak %kﬂ@F&%ﬁtbﬁhqwla&tBﬁ@FP@SES

di 6 2 h th I .
crr o P8, By o Re 2 Y EORRA TE e hBeLfiB, 6 of Fig. 5.
Fi 13 t 1
ar i hiret f’?"l”‘%ciﬁ. nﬁiﬁﬁ%?ée%‘f@% At g b, F cgntext
fl owtduet .of processes performed by the arlthnetlc

decodi ng unit 27 of Fig. 13. Fig. 15 shows an

Internal @uingtr@cti Dhusft Hdeesr idhmekiamp e ROF UBbhtext model
according to a second 20 enbodi nent of the present

i nvd®t¥ oA, mMRityLlon6 vechofd.owchart showi ng processes
performed by the arithmetic coding unit 6 of Fig. 15.
Fig. 17 |Iﬂ1*£lstr8t@§1fawéom el ivsles traatung . 25

st at us. owg an exanple of _bit stream
geneuﬂed &ﬂthé r§ ﬂW@H%ﬂcSQQEP%ﬁHP% héddorarrgam
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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 of bit stream
generated by the arithmetic codin unit 6 according
to a third enbodi nent of the present invention. BEST
MODE_FEOR.CARRYI NG OQUT THE | NVENTI ON 10 Herei nafter,
det SMROAEMERE t nvention will be explained by

descri bi ng .t he st, ode for_ carryin out the
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Fir [ 1 fLrst [ nt .
invghﬁﬁﬁgﬁgﬁﬂﬁgsg#%d55;$gﬁgga§gﬁ%é§d%B?quggi%? of Fig.
D. Mar.pe et al. "Video Conpression using

Cont ext - Based Adaptive Arithmetic Coding",

SinternatiBiag. Tbnistiewee aan éragp Peoeasshbig ke ai

which 20 arithnetic coding is applied to a video
coddffenzhede Mhetden syidimetér cfodbng len[itxe saccording
(hereinafter, referred to as a_nmacrobl ock) produced

by tRi Porthird embegdimende frale i presmutndgnvention.

25 Fig. 3 shows a construction of a video coding

apparatus (digital signal coding apparatus) according

to [ e [ e e [ ti_on.
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refexphed nd89dy 868 bAny T REE HEEP n@e Aor carrying
moti on conpensation unit 7 constructs a tenporal
preditt &éhe nhgprchbaead withhe ¢bbr@hyeCtdy €he attached

drawings.

First embodiment

15 A first embodiment of the present invention is

presented using an example, disclosed in D. Marpe
et al. "Video Compression Using Context-Based
Adaptive Arithmetic Coding", International

Conference on Image Processing 2001, in which

20 arithmetic coding is applied to a video coding

25

30

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 difference between the

i nput video signal 1 and the predicted i nage 8 and

outputs the difference as an tenporal prediction

error signal 9. A spatial prediction unit 10a refers

to Rferengpuimdgeodsispratet sonas tirameememoxry 3a. A
spatial , prediction error signal 11 by neking a
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conpensat i on node codi'ng the tenpora predlc

err_am;m@naalceeoas ?qamrrqdeaﬁar t%éaﬁ%é’wféﬁetcf‘elmage 8 and
notion vector 5 is zero and the tenporal prediction

erroutpyghsl ttheadiffevenconpenan, tathbefalntgfediction
mode for coding the spatial prediction error signa

11. eX¥ F t Bdgomnal Bhansforn1un|t 15 subjects the

si gnal selected for coding the codi ng node 25
detennnaﬁlﬁP%FPP¥HP¥G@iQ bgdnainitanstar mesfers to the
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16 with the granularity
a mode capable of coding a target macroblock most
efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector 5 is
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
guantization unit 16 quantizes the orthogonal
transform coefficient data with a granularity
indicated by a guantization step parameter 23

determined by a coding controller 22.



i ndi cated by the quantization step paranmeter 23. An 5

i nverse orthogonal transformunit 19 subjects the
ort’hogonal transform coefficient data subjected to

i nverse quantization by the inverse quantization unit
18. A switching unit 52 seleg¢ts for output the. .
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52 to the output™signal fromthe 1nverse hogona

uni inbesovea® tVhogriale trah 8¢ rmeapdead 1983 B3ects the
and stores the locally decoded image 21 in the frane

mend:Bxgaesathet rasfef eree ¢oedd ik i2ntAndatial B®bijected to
coding unit 6 subjects coding data including the

not BN 8gEeod R ntAE abdpng bypdéhe nioveatsengi@numzation
spati al SL di ction,node, 14, the orthogonal transform

coef PA -dd SYrHh LRGSR Lt SR ngelarhs tfer output the
out ing result via a 25 transm ssiopn buffer 24 ]
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deterﬁl mﬁ?ggqﬁﬁtﬁfi{]?hgéhﬁnsﬁéﬁgégté?ggﬁf%ﬁ% image 20

t heoh pp@RtSE haatd it is WS .
paItSef radpng hé éﬁ&tg@11é§%£§%§ﬁbn4uﬁwl 18a, in

configuration showing a video I'ng apparat us
(diactardigoal withditige eRRBIAHUNOAECANFOGmat 168 13

first enbodi ment of the present invention. Referring
to gprut, fnom the coding mode determination unit 12.
An adder 53 adds the output signal from the

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

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

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

30 Fig. 4 shows a configuration showing a video



arithmetic coding unit 27 performs entropy decoding 5
SO0 as to restore paraneters including the notion
vector 5, -the codi ng node infonﬁyion 13, the spati al
predi ction node 14, the orthogon coefficient data
17 and the quantization step paraneter 23. The

i nv )1t i Lt : ' Sybj h ‘
or't Heoar it Ao cfiP AR h, (gt St PRI9a1 Mecpding

st eRpPAPARLEY ) 28cERHPLAG Wot R e AFiANE! EmBlSAH &8t of the

unit 27 to inverse quantiZation. The iInverse

or t hpeareat t t Lansé ardami t R@féﬂ&ii&ﬁ?std heig. 4, an

ort hogonal.-transform coefficient data 17 ang 15 the

quadr Lxdmeh ist epoddmegetarl 2327hyse rifvarme  enandbipaeddecoding
to inverse orthogonal transform The notion

Sconpend& i westorecgraresmehers eqiporlaidpmarli thed motion

i mage 8 using the notion vector 5 restored by the

ar iY&FEOT decdhge@siingy modeo igphermapied ctBon the

uni t 1gb restores, the spati al ?redicted i mmge 20 from
thERFRGAT BESH LEFa0 homeda 4 fostbhEd AR thRgonal
[ i di it 27. i tchi it 54 -
2 idoPE i AR P U Zhnd Pl SBhBRst thstbn gtep
h 2 . : 20 i -~ _
| neEEahete D! 94 O flle nyBide 2hddn BILU 1A HRYT 16

10 arishihpbick Sleefd Wrt W doRE1 APodddei 32 PEdaate 17 and the

prediction error signal” output fromthe inverse
or gwpwbdlzd 209 epUuPd rathd Pekthe PUrRELSL@P by the

fromthe switching 30 unit 54 so as to output a ‘
deedadicthinedyiec 2decitd ihyy dedade 7i nege itilvés s ogadntization.
in a frame nenory 3b-so as to be used to generate a
pr ¥t bavienge porthogomad supangfowmt anihe dosabjects
Jn%%%zgithogqnal-transform coefficientidata 17 and
15 the quantization step parameter 23 thus inverse--
quantized to inverse orthogonal-transform.
| The motion compensation unit 7 restores the
temporal predicteﬁ image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. A
20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
14lrest§red by the arithmetic decoding unit 27,
A switching unit754 selects for output the
- temporal predicted image 8 or the spatial predicted
25 image.zo in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error

signal output from the inverse orthogonal transform

9.

Bt 4

unit 19 to the output signal from the switching

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



A description wll now be given of the 5 operation

according to the first enbodinent. First, the

operation of the video coding aggaratus and the video
decodi ng apparatus will be outlined. (1) Qutline of

the operation of the video 10 coding apparatus The

i npdtedovhgd singage 21 siknmtoredunihsaoff r yRe AéABKSy 3b so
derived fromdivision of individual video franes.. The

not Bén st beati®edutia geoferdte d depecadrbed image for a
apparatus estimtes the notion vector 15 5 for each
nacESRARR kS UPSRAURA Y ctor drte Hpsmdad simage ihlthe

frame menpry, 3a. The potion, conpensation unit 7
consﬂwm?g gascrapiotap M%%£CP&¥ihﬁgQ¥NS&u9¢oﬁhe

h i.on. 5 h i on, d ' '
ot PR H AR oE ATt CBe' FufENoienBRelagnt

receives %k np j i g f t he .
not i on cofr:r%gr%gii g%%un??é‘igig}rﬁggdé{%r%h%es‘;g@e : coding

di f dppareer Bet vaed e | PRYleo |  ggal i
terrpgrbgl predi cted i mage %geZ% q’%g’%scﬁjbtﬂ acat%?ag%%ﬂgn‘vlll be
out putd iirheddi fference, the tenporal prediction error

signal 9, to the coding node determ nation unit 12.

The spati @l )praattitine afi ttHOaopefmatiobn thE tinpuvrideo
video signal 1 so as to generate the spatial 30

10, cgpddingh @PP&TaFyYFal” 11 by nmking a prediction 14
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fromspatjally neiﬁghorin areas iin a given video

frame. THERCoditRU Fod®¥8leSh daalon uhBt HBPYY ekhsunits of

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 prediction error signal 9, to the coding
mode determination unit 12.

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

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 arithnmetic coding unit 1@, the node selected

by the code node determi nation unit 12 being one of a

noti on conpensation node for coding the tenporal

pr edizsam oa pertr ba 1diygae igh o sliing nordeak0 inr aa ghven video
where the notion vector 5 is zero and the tenpora

pr e§iT@®®n error signal 9 has a null conponent, and

an intra de for, .coding the spatial prediction error
signal 11TDfheRoSding i PRG] HdetRAR BRAFARR c Gkt ndde, Selects

L onforti 48 BHIFapRsn Gfr Bo i hfiar'F 155k M BRETRBCK most
f . 5 . . ¢ -
non i SPREI Y pat B aERle " BRe (CQMI B Ytn ornation

det ggmivwt LA W thhotiBUGodhasPphiel €0 the mode
prediction error signal 11 to the orthogona1

trassll@ot edi byStae acslendodbalddedemiota €2dmunit 12

When the notion prediction node is selected,” the

notbedngecene ®fsaomepuiofr cronpemoatdon embideatfor coding

unit 2 to the arithmetic coding unit 6 25 as

i nf bRRati YAPPHAL r PFFd b tdeun ngrrwrensigna ht Pa dekip mode
el ected, the jntra prediction node 14 is_ qutput

i's
10;  oRPER@ PaEEaIVRPER ciBn AT LRy ¢8toRe 5 15 zero and

o AR ERYAY, M FoRI AT IR ORI GORALCS mun
ORRRLERE) 458 LG5 L3408 L£0R, DAt the spavian
or thp@aid t 1 bansd P Brangi ulaUt 1L hyH€aUlslNécting 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 transforygcoefficient data
fromthe orthogonal transformunit 15 and quanti zes

the orthogonal transform coefficient data with a 10
gramuid@natly tmaicateguliy ddecqdaim gzErcam pacanedding mode
23 determ ned by the coding controller 22. By allow ng
thedﬂﬁeﬁgknmthMeﬂnzztkﬂ,c@mmeCMEaqhamazgnaﬁwto

step araneter appropri ate bal ance between a
codi 1999@%%1 Hmam%m anghaneeutenths |yesuddant
voI hneti cal | y coded fa.,store

tra lggsamao%fﬁé:ra%f%mwg AL 150t bl teathe
ueéjr?{:irz@@fgg "?%‘é sqso that the quantization
i's

ste par aimet’er ed in accordance wth 20

the residggle gh‘é‘?&f—éactflé eudiie flgat-& H&'Jle nthtehe

buffer. For when the residual vo

|arg&tﬂ@gowxhnﬁrﬁﬁ@fb%mx@béﬁﬂfﬂlb%ﬂxﬁahﬁNf@ﬂm the
when the residual volunme 25 is relatively snall

codpwg hageniasl cobmtarms fednt ouhe thiph ade@thmmihes the
quality is inproved. The inverse quantization unit 18
receridrogpaa lor t hegonfib rmv ame e chefnfti cdabia deibhla
fromthe _quantization unit_ 16 and subjects the

'10rtﬂS&ﬂEﬁarﬁﬁﬁsF&qﬂ%é&ﬁqcbﬂmﬁkﬁtﬁuﬁﬂﬁbzﬁﬁkﬁgeparameter
30 t th th ul.arit d d by th
93""2#&%%5@%“& ay ph e a3ng ehatnpbies 20
orthogon fgglr %lel oﬁlﬂ.mfcégnthzeofﬁte@gfﬂalto

transform oéaf I Ci en
control the gquantization step parameter 23,

appropriate balance between a coding rate and

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

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

25 that the quality is improved.

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

30 quantization with the granularity indicated by the



subjected to inverse quantization by the inverse 5

guanti zation unit 18 to inverse orthogonal transform

The switching unit 52 selects fongout put the tenpora

predi cted image 8 output fromthe notion conpensation

unit 7 or the spatial predicted image 10 20" out put
frofuadntsgati onpeddipt parameteia23in accordance

with the coding node information 13 output fromthe

codi ng nod@&ietRrVeifs i osthegonal vhemshermoditngt 19

node informatign 13 indicates the notion prediction

mod8 THIECER (R nGTle I8 Ak LEARY SOFB GREBAIqhent data

comioeiie PEEH, e IhERS SRR ERb R BN bhfBRerse

513 Ladired 28 elilh | Ak fﬁd%otfﬁv%‘g.}% ggqgnxggébﬁl
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sel écts for output the spatial pre

out pitanfg PEYhe spatial 20 prediction unit 10a. The

adder 53 adds the output signal fromthe swtching

unit 52 tDheheswitphtinggoalifrom tS€lekt\eer6r output the
orthogonal transformunit 19 so as to generate the

| ochPMpaieabdpd ¢ dhig ezl . ifmlag ¢ 08 ablut 26t ddanomd timagmot ion
21 is stored in the frame nmenory 3a as the reference

i meGRMR IS a4k 0@ pendded fOX el spkbalctioadiccted image
subsgquent franes. The arithnetic coding unit 6 ‘ L
&ﬂf@c?#ﬁﬁMFnE%Q%t5%%u§86ﬁ&?%h84ﬁﬂ%6ﬁkﬁ%tBP%E i0a, in
t he [ e 30 informati.an 13, the s i al .
pnﬁﬁggﬁﬁkﬂggeWﬁﬁ%n&%%ngPﬁ§Qﬁtﬂ&i#afg%éﬁg?gﬁﬂn 13

AL Buerie £ | o OB R IR GERTIOBeRY unie 2.

Vi alién WP@sfodE Y mode information 13 indicates the
motion prediction mode, the switching unit 52
selects for output the temporal predicted image 8
output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
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 ¢ 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)

outline of the operation of the video decoding

apparatus The arithnmetic decoding7unit 27 receives the
conpressed video data 26 fromthe video coding

apparatus and subjects the received data to entropy 10
decdiengodbdmrgordll dteansfoom roefiticientedartdi @7 to
vector 5, the coding node information 13, the spatia

pr eBNGTORYmSRA 1ng FreorthHoygnilo ftepsfolapcribed later
coeffi ien% dqaa 1% and the quanti zation steg ] .
par 8t QUSBUYS ¥hE IRELIY HEANLLt VR (ke tgFansmission
subj h orf hogonal transform coef.ficient _data 17
anaPfEfed 34 Ue PRV el e R VEgepc dataq 4

"The i nver 2o houets Dranclr SES £ 18 BFCEHE SfTaeo

t hedeeldibDRBala gp apafargn coefficient data 17 and the
quanti zati on step paranmeter 23 thus inverse- quantized

to inverseher tdawjohalet ienFext o iiemhie coYi red®d¢es the
information 13 restored by the arithnetic decodi ng
uni¢ompuegised cscidhe PHtavtd onfpoali theowv dde, ddding
motion conpensation unit 7 restores the tenporal _

pr APPEFRtREigad gubilpehs MoheoFaceived dateortd entropy

b he rithnetic decodi unit 27. Wien the codin
107 A08aaing: Far aniped of 8450 B9 (3% 5P (TREEPEE the
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de ?gﬁ%&"@écgéfngiC%ﬁ%bkgaiggrggé%emﬁiﬁyﬁgiion 13,

spa predrction UAit

br ach &t gg:eald@ggat ek 168 PAL' A4 PrEfcCtd PEnBYSnal
transform coefficient data 17 and the quantization
step parameter 23.

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



arithnmetic decoding unit 27. 5 A difference between
the spatial prediction wunit 10a of the video coding
apparatus and the spati al predicibon unit 10b of the
vi deo decoding apparatus is that;y"while the spatia
prediction wunit 10a is capable of performng a step

f 10 LCi [ ARAY the atial .
br earat: SnTate’ Ty SREEYaY Pl B tpeie 10b
: Codi ciian h . o i -
Ton oot PERE CEhE) o TR EAR T [ BERELE R DA g, 20 Bbing cne
i megpadDidlopreld Gpabinalmeaedirii e 4PIe St fr:rgatu;lé
given. 15 The switching unit 54 selects the tenpora

pr ealrditehimenaige 8 efosd dhed by itthe2 poti on  conpensati on
unit 7 or the spatial predicted inmage 20 restored by

Sthe spatial dikffectémoeubetv@eni bheacspadaiad Widdiction

the cqding node_infornmati on 13 20 restored by the

ar iYRkdt i E0de bl fhaunvideo ¢pdingi appagatms ®hd the
then o Lpuis the selected image to the adder 55 as

{NE PR cBTHRIEE OB ARLE 9D edei Wiy Yideo decoding

pr ?&*Lé%?%éﬁg?féa@fe%?@% e Vi%%ﬂiﬂgﬁ“%ﬁaof ?‘-éilé‘ﬂgietdhi:ct ion
. | Fed;
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used to generat'e predicte i mages - for su

framest i &F erePce thet ygen Qi 181 & Fa EREL : gggf&‘iction

and 3b consists in the difference between the v

cotiodje appar heus pat i daheprietbdeddensi aa iHppandy Uss limited

respectively hosting ,
to generating the spatial predicted image 20 from
the spatial prediction mode 14 that is given.

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

The adder 55,,réceiving the predicted image
from the switching unit 54, adds the predicted
image to the prediction error :signal output frém the
inverse orthogonal transform unit 19 so as to
obtain the decoded image 21. '

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

images for subsequent frames. A difference between



n

the menories.. 5 (3) Arithnmetic coding and decodi ng A
detail ed description will now be given of arithnetic

codi ng and decoding according tojghe features of the
present invention. A coding process is perforned by

the arithmetic coding unit 6 of Fig. 10 3 and a

deceHienf Pafiecfehsd ridd OBEEG RN B cehslii®ii én the
decoding unit 27 of Fig. 4. Fig. 5 shows a

condfififetr encef Héatwaen hthle cvided ngodding bappaatus and
3. Referring to Fig. 5 the arithnetic coding unit 6
conphiesasi deoomtexediode| appadcatus noespeamively hosting
bi narization unit 29, a probability generation unit

30, thecRmerdMs- 31 and a transmission unit

eneratio ni.t 35, The, context nodel, determ nation
O 5y dha A eEnm e e BT AD o T e amE BRtngat or)

defi ned fpr . 20, 1 hdi v L.ty of di.ng-
'l udi gt AS VP Ran Qe et Epp BT p g kR d T8 o
| nf OF MRt 3, ha! bGt PNabRdirdfngdo

the orthogonal ctérlg%g o?érrﬁlgoﬁtfeg?gr#&dgta 17&fTTlﬂe © the

bi nesatalried® odnitheé9 pruwenics MHyEl€¥eh.dH acbBing process
accordance with 25 a binarization rule determ ned for

eachs opetrypesmefd bodittpe datral t Hhetliobabiding unit 6 of Fig.
generation unit 30 assigns a probability of

10ocdirasdca oiepiotiipg mteees@E bs pe¥bormead vbyudihe
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binarg sequences after binarization. The coding unit
31 a&bEbmat 3o deqaddne wBdithg2 Basl Badt-net -

D oD g gt M oS Bk AR R R BB, M enmet o

ar ldg@Ehiy® FRELNG SPOY £l DoacURERUS FRY SISHTYSISs, the
arithmetic coding unit 6 comprises a context model
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
individual types of coding -data including the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14 and the orthogonal
transform coefficient data 17. The binarization
unit 29 converts multilevel data in accordance with
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

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
arithnmetic coding unit 6 of Fig. /9y 1) Context node
determi nation process (step ST1l). A context nodel is

a nodel that defines 10 dependence of probability of
occywerara tad darhe sypaolsm Do siifor qatitongbhdir £86986 unit 35
variation in the probability. By sw tching between
prodapi i cafest bhhes i imansprwhece wheh ahet Hepnbenceding
it 1s possible to performcoding adapted to the 15
prolFduildy berj guspendgs: rands cpnohsastt of dadm ext

nodel . Ln Fig, 7, a bi na:sy datag synbol, is assuned,

Opt CEHES LN TART| Zp| er RS RERS dBPiifed@bn the timing.
ion.; thap th bi | | f the d
Lynbors 18 whi F B HOUGBRES ShERGHScBRTERg o3
D | | > depend’ _
i B EEERAA By ok SERLERGKY, (RU R Bt (B gt Fig. .

one to angt rceénh@;@@%bﬁ@c&ewmiﬂh&rmﬂew§sé5g( step

bet ween codi ng data for a given macrobl ock and codin

dat 8Tfloy . a nei ghbori ng macrobl ock. Fig. 8 illustrates

an exanple of context nodel for a notion vector, the

exanpl e bai mpntkst fmodeld. idhepeameded .thyitdebefines

Conmpr essi on Usi ng Cont ext-Based 30 Adaptive o _
10x i demandens® f, Punkakd) bhyl ofi ocovrrense opf data

inage Prgfessing,2201. The context nodel here is . .
rel BYARCEE 2hotRRTRRELN nthatRaYFaR KVariation in the

probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the

15 probability.

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

20 which ctx is applied changes depending on the
condition.

In video coding 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. "Video 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

mvdk(c), a difference between thejmtion vector for

bl ock C and a prediction thereof from its spatia

nei ghbors, is coded. ctx_nmvd(C, k) indicates a
conConfevasice 16 MmIké4r iPribcalesiagn@ ¢ 0Q .veTher context -
prediction error for block A and mvdk(B) indicates a

not M@deleberepisdinel enast otof aa MlodckoB. vieatk¢®) in a
and nwvdk(B) are used to define an eval uated val ue

ek( BRCXRBIL@Sd for switching between context nodels.

1o e eopapie il e o TSR B A e o
j i [ ] i de._1f. .

35 WPbormaht it bove sl WA AR by oo
haV@ﬁ%dﬁfﬂ%qﬁggghwkldggfﬁfgh@éwbémé@ggkﬁse motion

probability o rence of synbols in nv

shovkedthept fer oOpLloded Bankda PrEEitidnCU¥HEXbof from
nodel is one of predefined sets “of variations of

probai |spatdstl med ghibotrls s Ltasezodeldar ecexe Mihdee, k)
variation sets of probability 25 estimate. Aside from

t helpgiiiomt esctar coodrexkt maxdiels are defined for
codi ng data jncluding the coding node information 13,

10t he spati BV el) cdinshiaBdes4a rtipa oreAdqohaprediction
Lraggta sge! IELER okt ts, 3R JBP SO FRLs Bk gt ton
U1 e8GR B BB B £B TRV AR p) and
oAy I "ThE | @BeWito?fefine 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

nodel defined for a type of coding data. . Selection,

froma context nodel, a probabilixgy estimate

variation is described as a probability generation

process in 3) below 2) Binarization step (step ST2)

10 Tioslindi mp ittt & icft thredvide® acbiialy ap@Hied€@s and the

by the binarization unit 29 so that a context nodel .

i s agfitkBetd @adeandingi mniyt 26cavforhef vikkeo decoding

bi nary sequence. The rule for binarizationis in

accspé’aarﬁ%twsth The geeetgxtsmada) i determénatiossunit 28
| e-1 engt h _bi nary sequence

f ' d at i ab
reshtr £ 3P Ao et o R AR of @ chirg, S selects a

st o2 By Gt Y BN CBiH B AT By -
odraeTpaeandl LR, oS MBI AEL RS | [ ne

is 20 redge t ut.at j ' [ jLhed. T ‘g
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modeb t ida Peokeabl Lathi S Nesatd #8cR1i968S a3t 8P pBability

As a result of the processes 1) and 2) above, 25

bi ngeheatd bhool phecmssiiaved ) chbeilngwdata and the

setting of a context nodel applied to each bin are

conpl et e ) TRl b id z@ einow steepy (fsotepodmz) Each

context nodel includes variations giving an estinmate

105 the proB&biaqd)ngordata. igeturnr@bamtioty binary
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location) of the binary segquence. 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



Fig. 8 shows an exanple of the evaluated value 5

ek(C) for selection of the probability. The

probability generation unit 30 de@erm nes the

eval uated val ue such as ek(C) shown in Fig. 8 for

sel ection of the probability. The probability .

det €ofitextomamed Iwecroridiedl i rexabhepesSDpt isansadOto
avai l able in the context nodel referred to and

det §EMTEAtGhitthe vRak abA Ikt Yr ofap eruy rencgatef P91 in
to ?g gfqg.for coding of a current bin. 4) Coding

pro & ( %Bps ST3-ST7) As a result of the step 3),

h bapi. Li f 0l f
e, b ookl e oLl S8 RRRR.GL 957 RSB ANEBe vaue

507 OBRYIdY LYokl e 1 A0S A1 BY YenENG £OLAG 1LY Slrne

perforns arithnmetic coding as

ref probub i Dithe gehahestiom (8ieP 4 hetPrdhsie
actual coding data 32 (0 or 1) is fed back intot
pr obubilludtyedenes hteors weht a3). ekl ) fsRGNANCYNOFig. 8 for
occurrence of 0/1 is counted to update the variation

of préeatiiony ofsttinet probaliell tbyt.exTheogetobadd lity
(stgg ST5), 25 For exanple, it is assunmed, that, when

a tOEEPITHkNAGE O ny My e3 Beddt cOUdd NGl g examiines oaptions

s the
he

of _prohahiJity estijmate in a given context nodel, the
lofre%ﬁ%ﬁgf%ieo&éhﬁbﬁc&o%?:e@‘/t% nAdsL t Refaxredt itgh and
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Dt e T orna b T e o T E B B
0/1 is updatedding- proc€ss5d steps ST3I-5T7)

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 line.
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 STS5).

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
possible. An arithnetic code 33 %qnerated by the

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

fed to the transmi ssion unit generation unit 35 and

10 mridbabdiet y nee tdixha teoNst heutfi Feqadd @PSeifS$@Burrence
unit as described in 6) below (step S%G). A

det @fri hai.sompdatrede se trhahether phebanilliety of a
bi nary sequence (bins) of the coding data has been
cod®FQi¥ERNSE )0 £ 0 thelsodipdattaesi 15ondk. éEn 0.752.
compl eted, .control is returned to step ST3, where _
pr oBSS T DGerfe? atitcrs f BEGhRARLEM, RET islbeBFugRding

t f d If, it.is d ] that th
foannstfaficss’ tRE, A had Bf SPAIH SEWorP Enpecurrence is

genégggfmlg[ocess described 20 below is perforned
5) Transm ssion unit generation process (steps

ST8-ST9) Anl Eheti LN ng }a | 0 .
sequences of codi lﬁg’egg?% ig:rﬁdjoéaggi r%igé%odd%%\grgy Ath55 coding
speuhndlt chhsifdemt the tdad ishpudgdthe I Ve tora 1:?i deg fed to
signal is that a decoded i mage should be created in

uni theoftfanamd ssoibmatumitr apeneranrioni anptated.and

This is because a video signal is characterized by

10 pt B A tpbie ¥ eido i BEOWEAL Br AARS 84 tartlihgark- byansmess ion

di spl ay. Therefore, it . is 25 necessaré to identify a
4

bouhBry 3Rt 9EEC T 1B/ IR 6 ibakeM cbFERR 0FBFIssed

data. For,t ose,of multiplexing with ofher
medi a dm%lggg%gﬁlnatlon 1s ﬁage é% to whether the

entirety of a binary sequence (bins) of the coding

data has been coded (step ST7). If the coding has

15 not been completed, control is returned to step ST3,
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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-STY9)

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 prediction 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 yaits smaller than a

franme. An exanple of sub-frame unit is known as a

slice structure produced by grouping a plurality of

MaC held os# a riyn t@Sti.QIeﬁﬁil’fyﬂrﬁebou]erEh:?- KPetween frames in
illustrates a slice structure. A macroblock is

enchrd tthimby idmd 1 2y [dompresicadr aldya.afdicehe purpose of
structure is used as a unit for resynchronization in
decBYikigiplexinygpwddih e e medizedddtan ane hedped

onto g payload of a |P_15 transport packet. For

reanﬁékjﬁﬁ TAndfdsE QR dthe nBYirP ¢8ea ofuchagk &t deo

whi is relatively_ less tolerant of .transpm ssion . \
o1 EparahLpBidEs  ex coomb i 8Rech dpkim LPE driansmission

use C tuh?f tsi t tt.ac tQ |
heaﬂgf%ﬁggr tthgnggS! [ cetggtlﬁ%ra Sjir}giég ‘r?@y{]gg r?glbép%ger than
ontg ErdﬁWL0ﬂ¥F@kﬁ%g}éobfréﬂﬁmf¥%ﬁg-dﬁ&teﬁﬂn&ﬁown as a
Ki kuchi et al. "RTP Payl oad Format for MPEG 4

Auds DAVies uat rOlg wefe” p REQuIdld® BYSHap i&l@ehhgﬂilﬁﬁélity of
mappi ng the MPEG 4 conpressed video data onto 25 an
RTRn@aylodebiocksunihs ras MPEGscahi oasdéri.deo

packets). RTP packets are transmtted as UDP packets,

105j nce UDFFdiges Shoildmsmbrates ransd seeostxneture.

entirety of slice data may not reach a decodin

30
appar at uP WRBF TP RAOIEd L8seneigrdedy bﬁ’héi‘é‘égi% dénes.
f t sli data i ditli d .
o GYRBERETY, SR E SRR TES BRaa s o unit for
decqds Pa Jrer SR FPSELY €LV ALddainG SURREH ey pical example,

slice data are mapped onto a payload of a IP

15 transport packet. For real-~time IP transmission of
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media data such as video which is relatively lesé
tolerant of transmission delays, real-time
transport protocoi (RTP) is often used. An RTP
packet has a time stamp attached to its header
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
Audic/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
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

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 properly2decoded in its

entirety without resorting to any interdependence.

For exanple, it should be ensured that Slice 5 is 10
codedf wsuhsequentng s hicenataba dfs neomahi biksed on

|l ocated in Slice 3 above or Slice 4 bel ow. For

i mpAdVENERA tofo By ph ek fc ddotirag ded f Blilarey, apmeopriate

it i,s desirable to adapt the _probability of
occé%%ﬁ eng %?nﬁ&§5£85§£%$83$W%n15 (ﬁ@ﬁ”%ﬂ%sﬁﬂuent
| B I8 BAE RERIFE 8 vs 1 e o BB RRp s

pt hgbn{ﬁ_%g’x_an'pl e, a register value representing a

10, ek
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codeword of “arithnetic coding are not nmaintai ned when

ari thmet i o0godt RYsOfrd 8020, | 2t i@?ﬁ@@é@_i‘atg FbCerfbure

is conpleted. For Slice 5, the register is réset to

an thiat adngt P tven shitecad npricpéeesvardedodeatdt iins its
way, it is inpossible to exploit correlation that

exi estipretwewitkouotd véssinténg & ahy hbntleafdependence.
Slice 5 25 resulting in a_|lower coding efficiency.

ThuE9Xa e¥RAeR, plictskenls the @asyreids that Slice 5 is

resili.enge . unexpect ed l,oss of sljce data due to
S P R GT & BPd A ridver BA  Henc O BACFObLocks

SeTBEITA], W EREPIF Ly 1 TBS I PRl

o ea OB MEEB B e R ARABRYS Ko

spegftiicaléncyWheiSwbRer, it is desirable to adapt the
probability of occurrence of symbols to surrounding
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
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,
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
decreaée in the coding efficiency.

The transmission unit generation unit 35



possibility of loss of slice data due to 5

transm ssion errors is extrenely low, interdependence

between slices is not disregardeds but is fully

expl oited. Wien the possibility of |loss of slice data

is high, interdependence between slices nmay be 10

di seegarxiddingo tdathiehefiaditngemblodcimeay irovides a method
adaptively controlled in units of transm ssion. The

trafsel i oAPIA I aguser Bokonlmprovdactdreli adapd-akhality of

first enmbodi nent receives a transm ssion unit
des?:Blﬁ'r'atdr‘%)ﬁlgi"g;;-nam’%E a%P?ﬁé-“eh@alﬂSY of VAaranshessi on

unit sm ssiqQn unit natl n,sSi is
proBP&édﬁ&% I ol o8P gR JRs20 Wt
35
S enorariinipadon | 82¥HLE 33 “%{s‘:g%"t{?s%?“ B fhe
codewer g%déﬁcé”ﬂ@ﬁﬁ@éhcgﬁﬁé%%r seiysd §¥§&egarded

t he arfqh coding unit 31 1 n accordance wt

tlnbﬁ&(ﬁsthallppékgjoiﬁ@drangnSS|m1un|t
desi gnati on signal More specifically, the

transm ssWwhenunt he2pogesdbatl boyurit Bbsmuld fplsddese data is
the arithnmetic code 33 derived fromthe coding data

32 Baghentintierdepeadencet hetween  sltisasemay be

transm ssion unit (step ST6). The transm ssion unit

lomﬂﬁ¥§HQﬁ?Eﬁﬁd 39 &Q%ﬁnﬁﬂ% ARy E§£¥@16PQ%ués
o g8 RO Ta 31 b, WA CuBf £7SE FE R ds son.
(oo SSARR e S AR URTLOUhn gRli 6 T 35
entiéeb¥dPing to the first embodiment receives a
transmission unit designation signal 36 at the end
15 of a transmission unit. The transmission unit
designation signél 36 is provided as a control
signal in the video coding apparatus. The
transmission unit generation unit 35 generates
transmission units by partitioning the codeword of
20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.
More specifically, the transmission unit
25 gdeneration unit 35 multiplexes the arithmetic code
33 derived from the coding data 32 seguentially
into bits that constitute the transmission unit
(step ST6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has



transm ssion unit has not been conpleted, control 5 is
returned to step ST1 so that the determnation of a

cont ext nodel and subsequent stepg are perfornmed.

When it is determned that the coding to build the
entirety of a transm ssion unit .is conplete, 10 the
trabg@mstonpinet e@eNB At k@ E&PKindp Condhectsamsmission
header for the subsequent transnission unit as

desumiibedd belioyn g tiem Fepnal JFke (tep3BPB8ovi ddzen it is
register reset flag indicating whether a register

val detewminers dhaitgraeddng pkebdniildy theeentirety of a

segnentation status, ,i.e. an arithmetic codin

pr ot ESN B SEJRNoPR 1t cBAES HP bt PHE N sAGHEY Bgeﬂe‘se{mntr"l
in the next transm ssion (L. _In the, initiall . .

B eniPariit MERSE nE Bs Sh BT { AR bR b S1¢ c8gE g Rgnation
i's t 20, indi c at, .the [ h e

resé?. azz?bgiﬁéﬂ%i @B?Sé%r%\rlll dessﬁgﬁﬁ‘lﬁtépz %g?%t earre

val gar pdi-gRdi.ndi cates a register value to be used to

start arithnetic codi ng/decoding to buil d/ deconpose

the next whamsni€sien determwbhgd?tnhen tihe cegibhgr to build
reset flag indicates that the register should not be
resthe /nthoety noEi @ Brandmissiitdml unddgi sier acmhpdete,
is provided as an _initial register value 34 fed from
10t hetBeditiganamis siomp ypdtt rgeBATrsSd banuAiRit 35 constructs

generatiop unit 35 .30 Fig. 10 illustrates a bi,t .
St rBahERABFATAE bhheo StHESTYeRtei EABsR FEodRN BRit as

i ABBEEABCR. ey Jhdeg ey Ot for comressed
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 precess 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 regpster reset flag

indicates that the register should not be reset. Wth

t he added i nformati on descri bed above, slice-to-slice
conthguiayitbmet ichmmdingodimyti €. 10 nai nt ai ned

even when | oss of the preceding slice occurs, by using
the regi shér sheen fimgFagd the, ismiidel hegfdegerdata for
val ue_included in,the current slice_hegder dat a.

Acc%?ﬁ‘iﬂFgT?,setqweVéeﬁi%gﬂ-éFﬁ dakey Jlr%C Péiﬁeﬁ‘ﬁh OIt éddﬁlr"o?rf-’ start

b ' ] kd. [ at

and-oHE Blte Kadh¥ne PeR e’ hiay LiBss PP ea 1"

leDté)boUéG, SEH% biﬁi%tifaef‘”?cegl S B3! '%ﬂ.ﬁe fh?u%’ﬂ&ﬁﬁé!?ed into
ig. 11, the slice header data may be carried i a

sepefiat ® it t st b1 Pf ivhidie thanspeg§iisteandelet flag
the conpressed video slice data nmay havé attached
t heimtid dd) &sf ot i ehe ef egiilgelr0 sheuleorietpeuli fgset .
slice header data. Referring to Fig. 11, the stream
is transiitbd iheaacledndn fivwrimattbenl dgsordbtedd above,
The header data is transmtted 25 using TCP/IP that . .
pr A HES 1P abilvict ¢ Fioght i rulitpi fioy . arhs hvapicsseeding is
video.,data is, transmtted using RTP/ UDP/IP . .

10 Mt bEA LA €RRI NG 49E S | AEaddde aRRar RAGNY relice

CrMRShEe 0P8 UATKEL AN BRe e Eied depsY ity and ehe

Ooih 01, PR LV AR d P8 ekl Eurrent

reguige mMsgHeNW&ta. Accordingly, the coding
efficiency is prevented from becoming low.

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

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

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

30 headers and transmission units, the data



wn

1

15

20

25

30

i nt erdependence (context nodel) between a video 5

signal for a given slice and signals for neighboring

areas to ensure that decoding fogpa slice can be

resunmed i ndependent of the other slices. This wll

bring about a drop in video coding efficiency. 10
Onceridgnsmiensed eds inyerar /UDRY IThenkeeid imdbt be

regi ster status is transmtted over TCP/IP, as shown

in Pagt itjiovietboigitgnas 3 ives be coded by fully

exploiting t he avail abl e context nodels in ,a frane.

Resul t ant V&S thfesildd €§ &ﬁ%&céé%ynﬁ?qkﬂlgs resetting of

d for_transm ss

partition |or T
pac&@%‘i%‘??ﬁﬁn%ESFdlhﬁop el é{)%}g g’etwee“ a video
fragsm.ss{ op schene,. the frul t g
;Mogggﬁéﬁiggﬁnﬁlgﬁmﬁ?ys&ﬁ ?ng&d&%ggaa%%|g$p

af f counditd o | a Iitnq 26
Theheporbdziify aEedd PEs Srshrd thhl" qetoding Hor 2
Con§l&@éﬂéaﬁfH@erﬂddﬁeat@ﬁ&ép%ﬂ&@nbeqf the other
transmtted, while ensuring a relatively high degree

of stdiddenc®hics ewidrls. bkimn abbarthabi darappicachideo
shown in Fig. 12, a 25 layer above nay be used to

i na¢cdiihgvhefifeic hensynt ax conprising the regi st er
and the initial register value is to

reset fla
Oused. Fi ggngg skbwd-s £nreyirady hewevesnt rbhaf Eghe initial

0S50 OS2 S TER R SLAGLS, TRRRAEE, e

L5 el "0k 410! SRR i BPPEChY (R bAGa by

f”%@ilf%gxﬁiﬂﬁ%fndM¥We'%0§1ﬂ§5¥§18@$65ﬁi‘ﬂﬁﬁels 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 ble by consistently resetting registers

t hroughout a vi deo sequence, thgiregister reset
control flag is set to indicate that the register is
al ways reset at the head of a slice throughout the

vi dem sefjpdrceed| dnte sachseadéf taictaehied etor esevideo

flag and the initial register value need not be

mul SigsIeKag eorcanpy iceibyg- o ipburiagdvkty f video frames.
controlling register_resetting on a video sequence

| evel , ovEPHea8XREIRE fut WHHEDL Aér iSecdeteFBdafAd  Epat the

for each s reduced.in size when for.exanmpl e,

LOLpaHTYEE @rlarSont: i phey TERkAA oV 1Y

#DeS oS Lot "pP, Y b P g anay

regi ster reset con odr se

to gelindel ngf PBYiIdASEEE] 1 F6QgRbd £28R B r#@Ruence,
N+l th frame) in a“video sequence” Fig. 13 shows an

i ntehealrégiEY et s Ot ittt A6t B4 §C idecaditnr dinlilndicate
27 of Fig. 4. The arithnetic decoding unit 27

conphiadest he tregisitsst ohsurdlwagsodregeitniataltileat head of a
unit 37, 25 a context nodel determ nation unit 28, a

bi n8liife i bhnaughewt atheobabdept s egnenaeé on Iihithis case,
30 and a deg¢oding unit 38. The transm ssion, uni

i t .
104ecEhenF S BLEILET 2 GEAE uEkaB7aPA: (RF] Aditigl Legister

transgission unit recgeived, .an arithpetic decodin 0 .
o oRadue Beed dhokad R R Rk cohl & F By -s11ce
arijfgRly ¢ coding and included in a header. The

cont éxt nodel determination unit 28 identifies the

type of dgyacdn€ro1deihlyl YdWibker et FRhiPon a video

sequence level, overhead information otherwise

15 <transmitted for each slice is reduced in size when,

for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of

course be attached to a header of any desired video

20 frame (Nth frame, N+1th frame) in a video sequence.

25

30

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,
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

process, based on added infermation related to an



vector 5, the coding node information 13, the 5
spatial prediction node 14 or the orthogona
transformcoefficient data 17 is3bo be restored by
decodi ng, so as to determ ne a context nodel, shared
by the video codi ng apparatus and the video decoding

appatrdtttmetakc thediidet fhicedi i¥gpadedeilld a header. The
bi nari zation unit 29 generates a binarization rule

def coeadt dxt mivele Hedietf een idecotiong whais t2fpeidemretifies the
probability generation unit 30 gives the probability

of BE¥P® rehcdadfa padh @i nidenrliying wbshbawcdhwetmotion
the binarization rule and the 15 context nodel. The

decBBEXPTnPr I PeFRFIRT MAdandnLonBASH PR Bésedthe

th bi | | h d t t
St e Ratr AL vBees Lt hh ﬂe@&f nbinsde FhFoRbERsFaRaL
th { h
APl FAE LA A48 O B ored
t heq 882 Hn eq%ﬂwgs'fﬁuhﬁwgkﬁiﬁ@fﬁ'égﬂﬁﬁﬁt model,

decoding and the Dbinarization ru IS a

fl oyghardd Sﬁywﬂlgeavﬂrms&od?i?ﬁﬁohlﬁdabhﬂth@ and the video

arithnmetic decoding unit 27 of Fig. 25 13. 6)

Tr abegoskig apgardacas pgfion tthei Zadenwifpiededype. The

(step ST10) As shown in Fig. 10, the status in the ,
10dedotinag imtiom iwnild 129 genepate® ar hmm@a@@on rule

decoding is started, based qQn the register reset
a@eSﬁ adefpgi thhe Adgntdtied deroding pqie%@d tYPE- The

é?‘f%ss‘?%eﬂveli%S%Qi?h%&%ﬂ%raiéa°%£3%?9%&%% ERE:
probability of occurrence of each bin (0 or 1) inm
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 valugi34 is not used. 7)

Cont ext nodel determ nation process, binarization

process and probability generation process 10 These

pr oddssgsaade pkef dmidial thegdatext vaiel 34 multiplexed
determ nation unit 28, the binarization unit 29 and

t he iptgbapialchl yt yemsrmi B6i emi uGot sho@h | as ra'gsl.i_ge (step
These processes are jdentified as steps _ ST1-ST3

resfdctq Vel Fhe nregd § T 8kcHe® € eandf 1 AG ﬂ§%égﬂq59p&1whether

t he ce t.he simlar to.t

of d
contBg %%a%@%%?ewﬁﬂéﬁav 1563855 AR Tingtic coding
4 HopRiofress Yy LUE L8y SALONMIRLREM, HRqister value is

I de he “process

gengpatd on r&rxﬂacefﬁﬁTﬁand% ig%%xasvaqlfé]eaar %&Sﬁcﬁ) used.

in the video codl ng apparatu Arithmetic decodi ng

process (shersdtbxt ThoduwPbakidéinigfatoreur preeeds,
bin to be restored is identified through the processes

1) - Blinadheadcooni pyoemess38andstparebablid itugehemation
25 (step ST1l), in accordance with the arithnetic
dech¥o®edPsocess described with reference to the

related art. In a simlar configuration as_the

1QXM|ngzﬂﬁﬁﬁﬂ%SPQQEFEE&ﬁMﬁﬁemﬁ?rﬁgﬁﬂﬁﬂt?ytFBe Tontext
AR RO a8 bt ion o
?2: e%guﬁgiglo%{'}ﬁata{}?%l&% é%%ﬁ?&!?ﬁj%g&t b.*tiﬂ shown in
dﬂFﬂaqkW@Eh%HE§§“§¥$b%@§EEeﬁfﬁeEdentifled as steps
ST1-ST3, réspectively, in the flowchart and the
15 description thereof is omitted since they are
similar to the context model determination process
STl identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as
20 the process 3) in the video coding apparatus.
8) Arithmetic decoding process (step ST1l1)
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 ST1l1l), 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 binarizatzgn rule, the process
identified as step ST3 for generating the probability

for 0/1 of each bin and the subsequent 10 processes

ar eTher fdsovd ify andacond tfuethetrepsonFixmSTthe value of
ST5, ST12). If the value of bin restored is confirned .
by biuncassstalled nayclhiompar Wmghithewbtharyy baniagsy series
pattern defined by the binarization rule, the data 15

i ndPaitar pydefd radc Mgt & teipag iz dtdQn HYl@elstep
restored data. If the decoding is not conplete for

t heS&h ikety of transmi ssion unit such as a slice

Of shep St EHF PA TR ehL i n pR SRR ofs DS Eontirmea
perforged- £ pea! edjfycgﬂﬁc%%rg%ﬁnﬁiir Yt8fe binary series
t ecoded. As

ransm ssion unit 1S as been descri béed,

accpatitRrh Oakei dédshy efhedinPihr P4 tiloaNSAuIYE Onthe

of conpressed video data in transm ssion units such

as prbcesst hdeift fFierl hasdertept 8 Thsfolre gegestating the

flag and the initial register value 34 attached

t heprobahhbityegicre0 fbsetf feaghddsignamichgt higetsiebsequent

the register value indicating the arithneti¢ cqdi ng
1°pr0E§§§qsss¢§sétr%rpﬁ6tf.°%@@6$dﬁﬂﬁly'% fecongotime “(steps

possi bl e to. perform caodi wi thout | osing the 35
con?? uiﬁv?bf'tﬁgrgri5%5£?9¢ codi ng process. The
coding et ey b 3l ganliel, (WL Srble 58 °8idd PEhed by
to transmSsrom efrors i% i Mproved.
successfully matching it with the binary series

Ln

pattern defined by the binarization rule, the data

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

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

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

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

30 possible to perform coding without losing the



Decodi ng-of resultant codes is also possible. 5 1n the
first enbodinent, a slice structure is assuned as a
transm ssion unit. Alternatively,23she present

nvention is equally applicable to a configuration in

which a video frane is a transm ssion unit. 10 Second
enbei weanwlrt vl odr fa eva xobhmgirit | cwdingherocess. The
arithnetic coding unit 6 and the arithnetic decoding

uni €oFingc & HiAd anCY hd Ssraid tabbedverivhiile hbe

be 15 deicribed. In the second,enbodi nent, not .on

t he T 5%y

IEACTalFBe HTAPERIFHLOMe RFAOFS of Ba impfoved.

TheD SRR T okl BT o G BRRA AR BT3P 8k fiBY e -

$stimte gglratgﬁmf%sgv%ﬁb{?ai%ﬁwl %eélketeot%gﬁu%ocure is

slice hea

nee . e s.tat us ( ear ni ng OCCIUI‘S In
probaddmed GaNesatirain Biiils $Poas detUNiA1 BN LSively, the

the probability of occurrence of each bin. For

exapples enef dmvegtiioki ds Sedqualiley f apgll ieabdd neot a
in order to inprove the arithnetic 25 coding
ef f Peitehtgutert bd ockirC whifah nat vdrdea tflmameotisona

vector for block B above block Cis exploited to

1
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det EFATHEM & S¢keRt BHLf probability estimate.
ccordingly, if block C and block B are |ocated in
di fference slices, the information on 30 bl ock B

sho preve fr.ombeing used to 36 determne
P hosktdify! Fﬁ‘t\f’y&%iﬂg e

pro currence. This nmeans that the

codi ng ef AhcigBeYrht | QWL RSN kR b I28 G VOR e Hd®arithmetic

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

block B should be prevented from being used to
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occurrence is adaptively determ ned using a context 5
nodel . Accordingly, the second enbodi nent provides a
nmet hod and an apparatus for inpr®ging the

adaptability of the design. The coding efficiency

with which the transm ssion unit is coded is 10
adagetestyioenttrive| pd ceeh ittty t bd sdCcatneBiiece

i nt erdependence in respect of arithnetic coding is be
di sregar dBBisutmeansy ehptoithe FRdlrgseihiFrdenpy is

ropability Qf |oss of, slice data e to transm.ssion
P PEpwated, i ) S eRgn b et k. bEg HAR L by O

neSBPRRERRRRE 17 pBu L3 VERY ARk fLnSif RYTHE 2 content

515dﬁﬁggglgn i nternal construction of the arithnetic

co g unit 6 according to the second 20 enbodi nent.

A di fferegeedied ¥REN t het Akl tdeBbing CORbBA inBntt fprovides a
according to the sécond enbodi nent and the arithnetic

codheghwd t afidshomnappdt gtus afeer dimprotvainge the st

enbodi nent is that the probability 25 generation unit

30 adaptakid idgnteft thelelestigns Tivetcoasking efficiency
mul tiplexed into a slice header_ to the, transm ssion, N
umwlg@mﬁ%}P&wﬁhﬁtt@§n$mg5%£°PsQP%FoWﬁwﬁPdEd 18

S O e B0, AL AT K LRSS cemronsntce

2000 EqpIFRSS A LRI BENBEL s Ssoping 1

mgeé 4 Hegatdd@ but 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 ceding 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
transmissicon unit generation unit 35.

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

15.



occurs in the process of step ST3 for generating 5 the
probability of occurrence of 0/1 for each bin, i.e.

the learning status 39 that occuB® in the probability
generation unit 30 as it updates the variation of

probability estimate in a context nodel, is -

mul ti pl exdB iimeediats l¥eappuer iiabl aedif hesgace from the
confiruction process (step ST9) in the transm.ssion

uni t 1 g¥sH AL forP inF 935 § oRCCFSLREt FRgtR Sehd&S Y or

t he xty 4 ransm ssi unjt, in a.simlar
cortTETATERTTT 8 haty ke, Tohrse’t HiPask ptatys 39 that
th j ' [ t] L ng 5 c of, e :

Fi Soé?&i[ﬁﬁ’l jS{s-,ltr_a esbgoc_on gxtoéosdglg ?a?%i ﬁfgosfs gtﬁ}ii.-atlng
5A dese’ P BEBA 1t Pe o VEBcr 8RB NG /10T £6RE each bin,
context "nodel learning status 39 using Fig. 17. 20

Figi.a7 tows laesenghaieatiigs e3ar ¢ lvat obalcups in the
macrobl ocks in a kth transm ssion unit. A context

nogetobiab Lk éd yordgneraet isndefn hed Ifloraseddh updates the
macrobl ock and the probability in ctx varies

mMdbLadden edcrpbPbabiRitheesbdmadtenddel a seankext

39 is iiherited from _a transm ssion unit ,to the next

tré‘}%ﬁlr?k gi o?sumu:]ltl?ﬁfgc%aﬁélwaﬁ%eﬂwﬁa %Eafi@sr in the
ct -1 t t ] i it i t
100 Heddeh dORst ot [BUBUSSL O atn F?Fé'ﬂﬁph}he

L RIESL 0 Ui fon bR BHORINAILY5R) 281 of

tochmetvdlct 9ngt e ReQRARD! | iFok PPheP MixBCeWdRBRS s¥ ion
0O, 1 in ctxk(n-1). The transm ssion unit generation

unutn 36, in a similar configuration as the register

value that occurs in the binary arithmetic coding

15 process of step ST4.

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

20 Fig. 17 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.

25 The context model status 39 is inherited from

a transmission unit to the next transmission unit.
"This means that the final status ctx®(n-1) for the
kth transmission unit is made to be egual to the
initial status of ctx in the k+lth transmission

30 unit, i.e. the probability p0, pl of occurrence of
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transmts data indicating the status of ctxk(n-1) 5 in

the header of the k+lth transm ssion unit. Fig. 18

illustrates a bit streamgenerateaB by the arithnetic

coding unit 6 according to the second enbodinent. In

t he second enbodi nent, the slice header for 10 the
conftesbed vi@bs st (ve ldat @, hds i 2f dsmmade to be equal to
i ndicating the context nodel status of the precedin% i

sl i ddhat PAGRAPLAdrte! oPAm RdAIT iPCUFTenBes|qlel, 1 in
start,_ code, .t he ister reset flag and_ the initial .

oo L The LB HranERARE AT AN1s GRRaRAN oD unit 35
sho ' Is 1 I I aatj v, onf.l tio x

he Sabs e s dand Pl Fb IR Ep e R R P heg b (n- 1)
snciifle A HAdued! [Of ehdhekhah B2 AGllh BXG iBChni e .
status is nultiplexed or not, in addition to an

i ndi cati oriaf. 2@ swhet Das thetiedi td abjreod 6r@anvagdadSated by
mul ti plexed or not. A flag other than the register

reséthd | agirdhymetid cabd ivhet haritd he acdexdimpeto the
status is nultiplexed or not. 25 Fig. 18. shows ‘the

sl i eeqmenadecmbed imanthe conpressed video slice data

being nmultiplexed into the sane bit stream .
Al ternati¢& ythgs siecqadcriepoadinenfe fthgt slice header for

A T P S I T X S
the; anit £8554; daha '@%/nkl_%ﬁ& 3Rodd agt&g,dcwer? %hP
information"reterring to the  COrrespondi hg SPICE

Pﬁ:ﬁ%é@éing':i 91 1 &2 SPOE ANe ALY SREtPNSLAVEd S ton to
the slice start code, the register reset flag and

the initial register value according to the first

15 embodiment shown in Fig. 10.

In an alternative configuration of the second
embodiment, the register reset flag may include an
indication of whether the context model status is

multiplexed or not, in addition to an indication of

20 whether the initial register value is multiplexed

25

30

or not.

A flag othexr 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



arithnmetic decoding unit 27 according to the second 5
enbodi nent. A difference between the arithnetic
decodi ng unit 27 according to the second enbodi nent
and the arithmetic decoding unit 3% according to the
first embodi ment shown in Fig. 13 is that the
transn1ss on un t decodHHg initialization unit 37

of @Rﬁ%em dRifo LmatI QR 4L ?6%%&9 to the
second enbod nt del Lvers éaaﬁgont t nodel status

39 F&TIRER &t F J‘|5"r'§éc FE| B Rl t i pl exed
into the ?%@erﬂf’éﬂ8gg°gﬁmﬂd£¥ﬂﬁw r@qggtﬁyétlgg of the

so that t ont'éxt™ o atus 1s’in
theaifmedhaidl ¢ ReRESding Shhi% f?gaé@ofﬁfhg to the second
fl omchart show ng a process perforned by t
Eﬂlbmﬁﬁﬂimgw@dlMJwﬂfEéﬁéﬁEéqwethbnAﬂhéfawiwﬁmetlc

bet ween-the flowchart of Fig. 20 20 and that of Fig.

14 deddding matiep 228Taedordirgansoi sshensunéond embodiment
decoding initialization, the context nodel status 39
resaoidedther arihamstie deaddring wnmbptt 2 apneording to
process of step ST3 for enerating the probability of
occtibenEbrait wmbp&lmsr&acﬁhem b§nr F+Eri nh3t &5 Hehat the

context nogel ., deternjned in step STl., The_context
rdeF%ﬂ%ﬁ&?%ﬁPno&%kF %? &%ﬁelﬂéﬁ$§&%%ﬁtl°n unit 37
en rat the Jo) | ccurre 0/ t

1opr ofknte , Sr A ERRY £ Ao dERE TR P27 AgEPrng to the

Cm%éébﬂ@dgﬁﬁé ﬁgﬂEWWéif ﬂé”ﬁﬁe‘%%hﬂé@ ohdd¥€1 status

cont éxt node us in the e€ader I ntroduces
an pyehpadesISEmd Shtey hﬁmédﬂz{gt Bi1Si é@8Shultiplexed

context nodel s providing
into the header to the probability qeneration unit
30 so that the context model status is inherited
15 from the immediately preceding slice.
Fig; 20 is a flowchart showing a process
perfprmed by the'arithmetic deceoding unit 27 of Fig.
19.
A difference betﬁeen-thé flowchart of Fig. 20
20 and that of Fig. 14 is that, in step ST10 for
transm;ssion'unit decoding initialization, the
context model status 39 resto;ed.from the slice
header is output to the process of step.ST3 for
generating the'probébility of occurrence of 0/1 for
25 each bin by referring to the context model
determined in step STl1. The context model status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probability -

s g

generation unit 30.

30 If the number of context models is extremely




significant contribution to the coding efficiency 5
may be sel ected so that the associated status is

mul ti pl exed. For exanple, notiom@ectors and
orthogonal transformcoefficient data represent a
large portion in the entire coding volune, so that_the
10 kaug®s ned By indeo® ciheorce &t ofPAR L nifa s

ly, . Th f del _for whigh .
's Thhed oubliar oERETePRY a0l PRERRE S TRl A Elpy siice
TS RREE T or M Eanc Se it e o Rsaa o 1BtRYe prayiding
th%iﬁggffBQwéié@nE@ﬁbGE@H& £B théeeod'snhaePeediency

descr according to the second enbodinment, for
straggy B8 Ofelle£OERN essethuitdephedaiisbl fdBedmisssabns is
units, the slice header data 20 has the register flag,
t hend Dttijppl exed ster value 34 and the context nodel
status information attached thereto, the initia
regi ster Foag exaspdieat i ngtiien hweahersedRdepifgiggonal
indicating the arithnetic coding process is reset. or
nott rapg Loum G0 ebAdedenbddaSRatiRPF RFGTHAt RotdT9e
i ndi cati,ng the .context, npdel status of .the
| MBSEEAGY pPeddiPngn st FEe COR L0 LN (3P that the
possi ble to perf.orm. codj i thqut '
1ogoXt R, BRY, 8 i LR EYE £ EEERI S ORfext models
coqgj ef fhgie LS [ (hegd, i | ewhich the
reg:?'??gﬁcei?% %émos%gi%ﬁh?ﬁgrggg@%sgidngroved. In
the ggeend £8LAdi WBRL L éxd ShiaGe Ber wniplécistlgssurktiplexed
as a transmssion unit. Alternatively, the
into a bit stream so that the status may be

in the

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

30 maintained, while the resilience to transmission



present invention is equally applicable to a 5

configuration in which a video frane is a

transm ssion unit. In the second4anbodi nent,

information indicating the context nodel status of

the immediately preceding slice is attached to a 10

cur esmoheads . iMperasfede, referring to Fig. 8, even

when bl ock C and bl ock B i medi ately preceding block ]
C are |ochPed B @g9endntembpddgielke BdFAdCe structure 1is

oo BN, & 4B RS A RSy, e
TooBEeH bt iHvEhISHR 1 CEABRTIY e Picable Ko a

swhi gj tq?%ﬁ%%ﬂﬁﬂ%ﬁs&q{‘ uﬁij{cﬂsac%ecfebs B99Rk el Va

contro e SucC that the slice-to-slice

i nt erdeRandarGeohSudit di sregarded but the context 20
nodel status for the imediately preceding slice is

fully explai ttlei B eccnde eshleod imeen pr, obiabf birima biion
Ios§ oﬂ in@e data due to transm ssion errors is
ext inddicatdng Thbecanatexioppdaht asaftoist pd the

i medi atel y preceding slice is_not used and the 25
ﬂib@mﬁﬁkﬁFéiYnP§ﬁﬁ$@haﬂuﬁ1P§Qﬂ%Fe&%@%ﬁh%ﬂato a

105t B PERRD b Slokise LA e Bis. s,
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relopielde il SBadail i MRty Bt nEsedgy cpe coaiag
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adaptation using context 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

20 model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the

25 slice-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

Referring to the bit stream syntax shown in

Fig. 18, the second embodiment has been described

30 assuming that information indicating the context



val ue according to the first enbodinent. 5

Alternatively, the register reset flag and the

initial register value accordindgt2o the first

enbodi nrent may be omitted so that only the

information indicating the context nodel status_for )

datBPAR Lt f- 3 hHedi ER Bl fakracdd dghs iimmed iattyeproceding
ch sl ce header. Alternativel t he cont ex

ol LEEaA RELACH Yy HibeBamny & biFarySader, op addition
| ' h i flag.and __ .
t nee EfEL Fe 8ot "Saeldl JEARG, 2B e fPLRY register

; Qv ded. t gt |
ew%n%@éérﬁrﬁi’% £¢ e 3ty OF %ﬁ?‘&@?’%ﬂg

context nodel status reset flag 1s off,

Scomrﬁérmﬂﬁivélﬁ}ﬁth&'ﬁé?i§$ﬁr teg et NFAEFPLEAA the

i ndicating the context nodel status for data 1n the

i Mmisditially pegiediey slaloeei acatidadiedy tor tise fdrst
decodi ng. 20 Third enbodi nent A disclosure will now be

gi witbodiment hinay kebod behed rsahtdiat randiy sthen

units are constructed according to a data
paHﬂﬁ?BﬁP&}Q%rmﬂdESaFﬁW%i5#%xﬂ?ﬁ§Qﬁﬁam&4£l status for
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, AV - Bl f i ' sC
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andolde) Ts¥aRns Theded! ety st 0P34y 252 MMndlg! Be
items of a specific type as “there are “nmacrobl oc In
a plricaei dbHUCEHFBsFFesaVe 68 WHetHerdr€her d@ister reset
The resultant data unit is
flag and the initial register value according to
the first embodiment are provided, so that only
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.

Third embodiment

A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
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

(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 grouping is of one of

data types 0-7 such as those shod@d bel ow, for

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

10 1  TYPE _MBHEADER macr obl ock header i nfornmation

(coBifF kpBes @ormanyondast arviPbEemeD oibt aos pectidiis type as
TYP, non-zerqQ orthogonal transform

cBP CBP
coegpﬁﬁ%wﬁrﬁémﬂﬁﬁ°h4%ﬁb?o@&mﬁ)Sﬂiqu$M£2QEDSE as shown
f ffici dat S e
VPR R \ 051 e oHHOtP st o iFcdte Itamt date unit is
(o) cEa bR LERR o Ok 9PB T Y ATZAYEL CBAHA O Ble s1ice

20 data ( end of streamidentificati

SﬂﬁdmﬁaﬂGﬂhtthﬁ%E?EH%n§t§dé@erH?ﬁ&ﬁﬂ iapg%% of one

TYPE_ MWD is transmtfed as slice data

cold Bctad ast ypeis NDL70BWERE! &fs | Dhos @i sABWH EBR1A$, for
there are macrobl ocks fitting into a slice.

Accx@ampglie, when the k+lth slice of a type TYPE MVD

is subject to decoding following the kth slice of a

type TYPE MWD, only the context nodel 30 status for

not | ctors occurring at the end of 44 _the kth
s| idch‘S,ﬁguﬁbE%BEﬁnNﬁftg%% { fEABe peersldice nheader

10 k+|1t
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PSSR ARE O RS A 0 SR o
a”(UB@ih% GRSgag iq,rngMaqpigﬁStors to be 5 inherited.
2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform
coefficient pattern in macroblock)
4 TYPE_2x2DC orthogonal transform coefficient data
(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 slibe 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 arithnetic coding unit 6 according to the third

enbodi ment. Referring to Fig. 214%hen notion vectors

are collected to construct slice 10 data of a data

typ oL+ L.YPE MVD, the sljce header, has attached
the?eC)%téic lgﬁmﬁh%ﬂaé(ﬁﬁdgéit%ﬁﬁgﬁQ§ into a header
desp@nat ) 89 k1Y i @aCONt .nodel . s et )
flag amjinﬁuﬁg%ygﬁ%ﬁgigh{%gl éggn?géﬁﬁgih data, in
st abwel 01 £ B0l PNoWCRIPES cRRPHEkitD Nt ey b

i mredi ately precedi ng slice. Vﬁse(n gr}#‘?/eg’r t%%%gﬁaﬁng status
traﬁehnamiu@ﬁétienho&ih?(éf Aot dAl IdIPErs Ko be
TYPE COEFF Y are <collected to construct slice data,

St helshiegeihedder has attached thereto a slice start

code, a data 20 type ID designating TYPE CCEFF_Y, a

context nbdfl- 2laphowesemn fexgmenicei afornkti stream
status for orthogonal

indiéatin tge conéext nmpdel : r

trah P&rrrﬁgt% ey ctBR amishmetbie m;:qlnnghemlthﬁ according
' ' di | . 25 Fig. 2 h t

oS A SRR FLh SRS ke thr fhna B nElg. 21, when
nulé LEeXed, b té:?;xt ea%@c%'&ﬁeéﬁ%???q ﬁlctg?l;sg%ia\éﬁleyélice

the slice hea ata nma car
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conpressed data may have 30 attackggﬂqﬂg?étg’q% slice header

i nfirsraaitdrachédr illgriecd ha 49 iser IsasdPRdicHli sl i & qata
header data. Referring to Fig. 15, the arithnetic

codiY¥Re &M tdesigoating tDYPlEe NVID,d enboditient hvdel

i mpl. enented such that the transmi ssion unit 5

geRé3t ¥ 8n naFet3F kagomnd uinf ommaddoankidadcating the

qontext model status for motion vectors occurring
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
type ID designating TYPE_COEFF_Y, a context model
status reset flag and information indicating the
context model status for orthogonal transform
coefficient data occurring in the immediately
preceding slice.

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

attached thereto ID information referring to the



a slice in accordance with the data partitioning rule
descri bed above, so that the ID information
designating the data type and t hdXont ext nodel

| earni ng status corresponding to the data type are 10
o.Fig. 19, the

;?: It mfggip&e@%%%%gdsatﬁFFR fe[ﬁrgi&rjz?a‘%ﬁ&at'o the third
oo T TED 51514 1 K BSOHREL goins

decodi ng, a conte nodel” T o0 be usé

al | awing ESaH@oqufiﬁj;"ﬁéi Qh &Nitth 9e§0d o d iment . is

initialization unit to notify the context node

det émpilnemeat edi suc2B thafthet Hat a f ¥AS il F¥lold PhR1ed

into the slice header, and the context nodel I earning

55t agefe@patdon nheditt 6315 acreassnbaundstsf maceodblyck data in
al  owi ng, the 20 transm ssion decoding initialization

uni 8 §21%e ddiiagcordppesanvithy yeeedatanpaniti8doning
of thi 39ntext,nnael | earning status. As has been )
destPi-fefeEEIAREAG BARPY Re ($Pr §hadnbbhieshP, infogaation
Si i j.ect 2 onpr.essi on coding by bein

G e TEs Ny ebl Ee bR TNRE BRslpbl ScEonGaTEe: Bodel

pr efleh @i i dsq?é@ugy%eérr-le-%%cyhgﬁ_?}j: gBa't)p%g'g?@g%ﬂgwpe are

to the trandm ssion unit 1S ~ari al |

10t hatoToddeds iaPns i AR 38+aFr 0ss bounds of
transm ssion units by inheriting, 46 instead of

resetti nRefbe simyok coceigr.ence, WKWSaRidi¢Nmet?d A BRcoding
status fromthe earlier transm ssion unit also
gr Ubtl dccordicerdbngheo dathee t yhdr dcembdidijhenta is
oL e efcyd Fh that, F6r arithmetic decoding, a
'
context model to be used is determined by allowing
15 the transmission unit decoding initialization unit
37 to notify the context model determin&tién.unit
28 qf the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the
20 transmission decoding initialization unit 37 to
notify the probability generation unit 30 of the
context model learning status.
As has been described, according to the third
embodiment, a video signal is subject to
25 compression coding by being divided into
transmission units grouped according to
predetermined data types. The video signal
belonging to the transmission unit is

arithmetically coded such that coding is continued

30 across bounds of transmission units by inheriting,



arithnmetic coding is inproved in a configuration in
whi ch data are grouped according to predeterm ned

data types. Wile the third enbodiénent assunes that
slice 10 structures are organi zed according to a data
type as-a _transmssion unit, video franes may al so be
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bit- stream syntax according to the secono'll e ggifn’h'g%%ency of

shoamitthregicl& odimey heademptoslddeifdatad d6hfdguration in

given data type may have attached thereto a context

nmodehisthitdatresare grouped ia¢oomsiing itwdli paeidetermined

the_context nodel 25 status of data in the imediately

pr ed@BAnF¥PREe when the flag is off, in addition to

the register . reset flag and the initial register )
value. - iﬁ‘eé#ﬁaﬁba ;t,hf%e ERRSLATRRE| aRSiNes dhat slice

fl i d h i nf i

PR e BT £ oA AR A R ATR bk podae e
i gl atedzyagzmiwfsﬂ' %g!t' Cev;ae% Smdd arﬁggda[fgo be
use in decoding, i1rrespective of whether the register
resetgahdg; éad atdteafaiitrigﬂ tbeq S&ﬁftavaéylﬁe@f €

provided. 5 In the first through third enbodi ments,

vi deo In the example of bit stream syntax 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 applicable to digital

signals for audio, digital signaﬁg for sill pictures,

digital signals for texts and nmultinmedia 10 digital
sigpals,im.which these are_mxed. In the fjrst: and )
secgggﬁﬁgﬁgﬂnﬁ&é?%iﬁfiE&WQ¥Sgﬁk%aﬁ§%ﬂrE?ﬁmﬂ%@oﬂn

di gbals 51 gpal ] SSk upgt ., I he third .

enbag ot A8 i ERBHRERIRE Wt vndkbaT e register
accoedidtd £Pa¢AlandS Uil LihijAN 29 bUg$eklACt 09 2 fre

in aslice according to a dhta type,”1s gi'ven as an
exappbe.idédternati vely, an image (picture)

constructed from a plurality of slices, i.e. a video
Sframe, melnbéhe fiamsni shreughi thiheé prgsediments, video
invention also finds 20 an application in a storage

syd@Ff 145 tgiyemsas ansezgampleniaf dagticsallosignals. The
transm ssion,unit nmay be constructed. | NDUSTRI AL .

APHY RABNY TYNYENE1RAs WeepdiativbaPrdigapia to digital

' | di .0 th _
Tnebhonals cPor iR Re Y LiGhsa  Paidmateodor 811l
. DY LSt e , . |
o et Y I AT o il HRe SRR AP PRy imedia

10f ord 391 awilt heehing XodiRg wﬁibm%gg-e X reCnfi £Bgl, - A

di gi tal signal "codi ng appar at us maki ng a
conpr essilon the Ml psta £ndi bHcohtIBMbEATHERLRBY & slice
coding unit for arithnmetic coding said digital signa

by 1fet@R Ve ngsa agpneéeampibeeb ft od i hd tuskdsfiayngach

type of coding data anong a plurality of context
nod&ansSBiddsiopuan ptexdn i hhe thirdtenhodirent, a

inEornation regresen;ing an intial state of .
ransmission unit, constructed according to data

15 partitioning for collecting data in a slice

according to a data type, is given as an example.
Alternatively, an image ({picture) constructed from
a plurality of slices, i.e. a video frame, may be a

transmission unit. The present invention also finds

20 an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

25 As has been described, a digital signal coding

30

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.



probability of occurrence of the context of nobde
corresponding to the type of said coding data with a
bit streamas part of the coded data of said
predetermned unit. 2. A digital signal coding nethod
for making a conpression cogf ng of a digital signal,
conprising: arithnetic coding said digital signal by
determining a context nodel to be used for each type
of coding data anong a plurality of context nodels;
dividing said digital signal for each predetermnm ned
unit to be coded; and nultiplexing into a bit stream
Claithe information representing an initial state of
probability of occurrence of the context of node
corresponding to the type of said coding data with a
bit streamas part of the coded data of said
1. pr etldigitabsigaal ending apparatus for making a compression coding of a digital
signal comprising:
a coding unit for arithmetic coding said digital signai by determining a context model to
be used for each type of coding data among a plurality of context models;
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.



