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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.

BACKGROUND ART

In International standards for video coding
such as MPEG and ITU-T H.26x, Huffman coding has
been uéed for entropy coding. Huffman coding
provides an optimum coding performance when
individual information symbols are to be
represented as individual codewords. Optimum
performance is not, however, guarahteed when a
signal such as a video signal exhibits localized
variation so that the probability of appearance of
iﬂformation 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 piurality of symbols as a single



The concept behind arithnetic coding will be outlined
by referring to Mark Nelson, "Arithnetic Coding +
Statistical Mddeling = Data Conpréssion 5 Part 1 -
Arithnetic Coding", Dr. Dobb's Journal, February
199],30%1&)03 ‘?ssurred that an information source
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gener a ormation synbols conprising al phabets
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process. First, the letter "B" is coded. This is done

in FRPTBARYoFL1PAdnt iTYi dg aasamgeed (8hat Oald) ianfékfation
probability Iine for that character. Therefore, the

| et FEMIER” GGMREPERE LpLxrmasdomf syimdioLal compdising
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of a probability line defined by a segment [0, 1)

are uniguely established for respective characters.
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coding process. First, the letter "B" is coded.
This is done in the form of identifying a.range
(0.2, 0.3) on the probability line for that
character. Therefore, the letter "B" corresponds to
a set of High value and a Low value in the range
[0.2, 0.3).

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

Repeating the process for the characters, the
result of arithmetic coding of "BILL GATES" is

represented as a Low value "0.2572167752" of a




conpl eted. Adecodi ng process is an inverse of the

coding process. 5 First, the coding result
"0.2572167752" is examned to detgrm ne a range on

the probability line in which the result lies and
.determne a character assigned to the range. In this
caseeyfen©Shdter Bind Oc Her 41 be  thiae i—@’é’té&a' U8 ig
for- "B" is subtracted fromthe result and t
resuddmplletseéde is divided by the nagnitude of t he
range of "B"', producing "0.572167752". This enabl es

us toresﬁnéedddlngﬂpmpcmhmglwaahexﬁmatme(@f&the coding
0.6). The 15 process is repeated until "BILL GATES" is

r esPHLEeSIH- decoding. By performing an arithnetic

#xxhng as_ descri bed above, a nessage of extrene
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codgwerth Fepmgsent ati on, regi sters of an i nt eger -
type. The Low value is approxi mated by a power of 2
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shift operations. 30 Ideally, arithnetic coding
acovvmbitmp cberhef zbavet He dessniltedapcbcehe anedlidtant value

ent ropy ,codi ng adapted to -
is divided by the magnitude of the range of "B",
p:oduc1ng "0,572167752". This enables us to restore
"I correspbnding to the Segment [0.5, 0.6).?The
process is repeated until “"BILL GATES" is restored
by decoding.

. By performing an arithmetic coding as
described above, a message of extreme length could
be mapped onto a single codeword. In actual
implémentation, it is impossible to operate with
infinite decimal precision. Méreover;
multiplication and division are necessary for
coding énd decoding so that héavy computational
load is.imposed.'These problems are addressed by

- floating-point decimal computation using, for
codeword representation, registers of an integer

- type. The | : Low value is
approximated'by.é power of 2 so thaﬁ'multipliqation.
and division a;é replaced by shift operations.

Ideally{ arithmetic coding according to the above-



the probability of occurrence of information synbols.

More specifically, when the probability of occurrence

vari es dynam cally, the coding 5 éfficiency higher

than that of Huffman coding is available by tracing

the variation and updating the table of Fig. 1

apprdpfraidred sinneeske emablfs septaiopyi coding adapted to
codiqg netqu aq?,digital ari thnetic decodi ng nmet haod
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decodi ng of a

structure) in oxder to minimize degradation

15 occurring in an entropy-coded video signal due to

transmission errors.
Huffman coding maps individual coding symbols
into codewords of an integer bit length so that

transmission unit is immediately defined as a group

20 of codewords. In arithmetic coding, however, a
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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 imrediately
precedi ng packet data so that significant adverse

effects on video quality result when a transm ssion 5
error or a packet loss due to a delay occurs. The

present invention addresses these problens and has an
obj ébd i pacdfetpr daitd nfox diyensmissgaan, cdgonding of a
apparatus and a digital signal coding net hod capabl e
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coding status for earlier transm ssion units or the
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occurrence of coding synbols may be determ ned,
of providing a digital signal decoding apparatus
and a digital signal decoding method capable of
15 proper decoding in a situation where the coding
apparatus continues coding across bounds of
transmission units, by inheriting, instead of
resetting, the arithmetic coding status for earlier

transmission units or the symbol probability

20 learning status.

DISCLOSURE OF THE INVENTION
In accordance with a digital signal coding

apparatus and a digital signal coding method

25 according to the present-invention, a digital
signal partitioned into units is compressed by
arithmetic coding. Information representing an
arithmetic coding status, occurring when a
transmission unit has been coded, may be

30 multiplexed into data constituting a subseguent




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 @obability of

occurrence nmay be | earned by counting a frequency of
occurrence of coding synbols and information

r epriesansimis 8 iwmobabiilt £ yAldmmnag istelys, a qprotydlmglity of
when a given transm ssion unit has been 10 coded, may.

be MFERFESRAS mb aadd ransyinkbolsg maysbsscdasmrmined,
transmssion unit. With this, it is possible tp

cont %ﬁgaxﬂﬂnaeﬂﬁﬁg§§Qﬁmﬂ§sFﬁetpéﬂﬁﬁééhﬁFQHQ% coded on
by i rigts s of resetting,. the rliet

i gy o Dot SR BAR L ShE St PGB O £
5eaﬁﬂfﬂc§ﬁ¥gﬁraﬂyﬂiséighgﬁﬁKQEeeﬁﬁeehyﬁeﬁbility of

resilience and an 1nproved coding éfflCle.cy
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digital signal decoding 20 apparatus and a digital

sigmef decark ngnewt hofl cardHhd NPykbolle phdseitiformation

i nvention, a decoding process may be initialized when

decdfmyesfent ingasnproilombadiiity sle@arn g mhadum,

information nultiplexed into data constituting the

traPGRYEFIN5WhHSn Angd repheddMNER LS he Nt Hkitc has been
4 £0di ng, stat us. ternatively, a probability of synbol ;
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is séftnagr%ggl, _ as‘é%%g}hgﬁ%% rﬁgf‘i 0 h{ﬁl'ti pl exed into

data:ﬂ)Cﬂ%%htﬁwfg,tﬁ%tié”?ﬂééiﬂﬁé”%%.%%%tinue coding

representing 7/ a synbol occurrence probability

| eamrings §t doigndst ief cCerA wsMaAG i @ht An $£8N¥y inheriting,

received in the units

instead of resetting, the earlier arithmetic coding

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

In accordance with a digital signal decoding

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

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

30 constituting the transmission unit and representing
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may be decoded, by determ ning a probability of

occurrence of restored synbols, based on dependence 5

of the digital signal decoded on tthe signal included

in one or a plurality of adjacent transm ssion units,

and by learning the probability by counting a
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coding result when the phrase "BILL GATES" is ‘

ari tRANFBASISiendunit &) g.a18dsbowsl eaaconshgueii@npebbability
a video coding apparatus (digital signal coding
appa¥atiRYntidedr ai fFequenay sp fertphei mastoredesymbols.

present S5..Lnvention. Fig. 4 shows_a construction of
a vi deo ééé?&’di'ﬁ 1§ppaﬁ>£98’§¥dfﬂ&i%ﬂh§iggrﬂa$ Bocctihde in a

. ing t.o the first embodiment. Fig.
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shows an 1 n

codtpgity tabrfsEi § i O ' fl.owchart,

showi ngwg ocessess pePfl%t}crirédGE% %ﬁgdas:‘[f'?ﬁr?elt% gé’d’rtﬁﬁ' by
uniinfeafitifg,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" is arithmetically coded.

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

25 invention.

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

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.




Fig. 7 illustrates a concept of a context nodel. 5
Fig. 8 illustrates an exanple of context nodel for a
notion vector. Fig. 9 shows a slicg structure. Fig. 10
shows an exanple of bit stream generated by the
arithmetic_coding ynit 6. 10 Fig. 11 shows anot her
exanpl e, - of 1t -8t iard §amsichat thys howiarg t preidesses

codi | £ 6., Fig. 12 shows another exanple of bit
streg%r%ge%%?gtébd‘gbirr hed Bttt i€ @aHig@anunis 6 of Fig. 5.
Fig. 13 shpyg an,i r nal nstruction of an _15
achneH(:ggéomr%agﬁgkﬁgaﬁsF?gpqﬂcﬁP& Qf asaopntext

fl omndrdety of processes performed by the arithnetic

gecoding unit 27 of Fig. 13. Fig. 15 shows an

nternal dhgtrgcti DRu@ft 88 i 4 ARty [ uni t 6

according to a second 20 enbodi rrgnt o‘?‘“?%% g?fesgﬁtnteXt model
i nvéift¥ oA, MRigions vecaofd owchart showing processes

performed by the arithmetic coding unit 6 of Fig. 15.

Fig. 17 i Hi8tr &t eshawsordt esl invales tirenr ke . 25

status. Fig.. 18 _shows an exanple of bit stream
gener at ed t hd %ar§ RAWSt jan cemamplei tof bddorsit peam

to enbodi.nent . Fig. 19 shows an interna
cong’{é?‘uéc? ?gn%%ofg? hg:lh%oagﬂi I‘ﬂ%@il@s d‘é\ésddifhgl umiitt 26 .

- «10accardinggl !hfls%ﬂ%@sgQﬁgyggémgkaﬂgfé”%%Igig*stream"*‘

fl omchart shHowi hg processe
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.
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Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.

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

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

15.

Fig. 17 illustrates a context model learning
status.

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

Fig. 19 shows an internal construction of the

arithmetic decoding unit 27 according to the second




performed by the arithnmetic decoding unit 27 of Fig.
19. 5 Fig. 21 shows an exanple of bit stream
generated by the arithnetic codin@ unit 6 according
to a third enbodi nent of the present invention. BEST
MODE FSRdeRRYING OUT THE I NVENTION -10 . Hereinafter
det af OO IRREB S vention will be explained by

descri bi ng,t he t .node r carrying . out the

i nventi on W-EH %ﬁer]‘é‘nc% %gq@g%ttaﬁlgawmg\,\pﬁ@c_esses

Fir AL RNt 15 [ A L men f. f.he present .
i nvzéfta?on | sgaprb@éeﬁﬁgrj %é?‘r?gﬂgén)g%gr%?g?d[dﬁrégl §&iti g7 of Fig.
D. Mgpe et al. "Video Conpression using

cont ext- Based Adaptive Arithmetic Coding",

Snternati anag. Qnfghenee 8h ISPAIRPAIOCEESIDL 28 e iR

which 20 arithnetic coding is applied to a video

codigRnegaieed Whyerehe squithn@rteicoicddingltumikelss according
(hereinafter, referred to as a macrobl ock) produced

by U f8r Hhindyiembedimgnitootf dnkei preseditnginvention.

25 Fig. 3 shows a construction of a video coding

apparatus (digital signal coding apparatus) according

T R T

- 1extracts. ?Ié?é%’iﬁ%f“@&i‘or ée'{gﬁlfsgﬁgifo%,ﬁ%;iﬁgv%nféon will be

macr obl ocks an inputf video's

refewﬁm81wémeb§5ﬁé§€§ﬂﬂiﬁ%f%ﬂ@ BeEY Ymdde for carrying
not | _on conpensatl on unit 7 co stru_cts a tenpor al
pr edidt eth enaigev8nhaisel aitherexd ®8neet€b R 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
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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
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extracted by the notion estimation unit 2. A5

subtractor 51 determ nes a difference between the

i nput video signal 1 and the prediigted i mage 8 and

outputs the difference as an tenporal prediction

error signal 9. A spatial prediction unit 10a refers

to thefevengritinagen 4i gnairédsdmsat d rgamer alemary 3a. A
spatial , prediction error signal 11 by naking a

pred%“&’ﬁ’dﬁn CPepEA LI PR AN §hbdr iggnatects & temporal
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conpensati on node rcoding the tenpora

erroinpugnavifed sskind Ioge 1 dneAssrvs’Ecthe image 8 and
notion vector 5 is 20 zero and the tenporal pre |ct|oﬁ
errcputpgtas @heasdif feuténe@mosecan ©eflpdralt prediction
mode for coding the spatial prediction error signa

11. SHrom HyegmaAl tPansformunit 15 subjects the

signal selected for codina.by the codi ng node 25

det er ni nath ofiP@fi a2 nredichok@nannitndO& nrefexs to the

o] Qrt hogonal transform coefficient data. A ,
guaﬁﬁ§§u<§%§ﬁu 8698 'tiz§§t$% 5 fhgBfHate a spatial

i g d i_t.h | ar i, . .
| nateaageiotoh Barbs B datens PLPYREK RS 4 prediction
det e med gt 2299 nﬂe%ﬁﬁﬁegfﬂ%zgrégstéﬁ' g?%%%n video

quant i zati on unit subject s orthogon Fans

coefffiament Matadih@Umpife Ae¥RFMEnFNENZHAPLE YV tselects
16 with the granularity

a mode capable of coding a target macroblock most

15 efficiently and outputs coding mode information 13,

the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a

skip mode for a case where the motion vector 5 is

20 zero and the temporal prediction error signal 9 has
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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 ocutput orthogonal transform coefficient data. A
quantization unit 16 quantizes the orthogonal
transform coefficient data with a granularity
indicated by a guantization step parameter 23

determined by a coding controller 22.
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i ndi cated by the quantization step paranmeter 23. An 5

i nverse orthogonal transformunit 19 subjects the

ort hogonal transform coefficient ddta subjected to

i nverse quantization by the inverse quantization unit
18. A switching unit 52 selects for output the

tenporal pP8ditR B LS RgE U i pait ¥ednuhet nd® grubjects

10' " i it 7 tial dicted i
20 SHIHEShal HBangtpan’ deatcichent (daba 1h output
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53 agfd it edt MY Sh@nakhin LeQE_i%%SWtﬁe " Bdrdlfidter 23. an

52 to the output signal fromt i nverse ogona

Gni tid9ess @sotrxpeg§ent P 8 rdEabrdCcHed 11898 vhliects the
and stores the locally decoded image 21 in the fra
menPytbegsnale traherforn icegefic 20n8n Gt ahBRIb fected to
codiga unit 6 subjects coding data including the

mot | bRV EESSDHrdBanhezaddion ethenfimveatisen q8amtnization
spat“?L pr%Fic%ion ppde 14, the orthogonal transform
coeftTtFelt® vafa SWLEG R opp i kolRngEelecdss t for output the
out ing result via,a_ 25 transnission buffer 24 )

as %)gn%gggggld glrge J‘ﬁ%neé{ ZBz.“agﬁweécE?él‘itrﬁqurﬁ’F%PI dheomotion

S ONtddth Se AYHPONS R tbacluding the.coding nmpde.. ... o .
deterrri}?igti on gﬁlﬁt S‘T}H} t#hebguaantsl'eggﬁlb‘?]ﬂuﬁ’irteq%cgﬁfl image 20

t he duwjeti g€ £ EWANH At E%ﬂfhﬁl%ﬁrea(}.(ﬁﬂond' w'P¥S 1%a, in

configuration showing a“video decodi ng appar at us

(di giacdrdagee dddatddi ate appdidig'ShodEL oL diedrh ottt 13

first enbodi ment of the present 1nvention. Referring

to Pugput firom the coding mode determination unit 12.
An adder 53 adds the output signal from the

5 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.

30

The coding controller 22 controls components
including the coding mode determination unit 12,
the guantization unit 16 and the inverse
quantization unit 18.

Fig. 4 shows a confiquration showing a video




arithmetic coding unit 27 perforns entropy decoding 5
So as to restore paraneters including the notion
vector 5, the coding node information 13, the spatia
predi cti on node 14, the orthogonall2 coefficient data
17 and the quantization step paraneter 23. The

_ ant i zat on step parameter 2 |
ort Repeaar i FRHAER YL, (i LREY L Sad Aeqoding

i at b e e 2G9S,
ini LR o e aS Gt el e HA9E EnBE Rt of ne

or t pagmneh  ranobor SR REsw 2RO £ohe f Lhggong)

transform coefficient data 17 and 1 e qu izdti©o

st ep rpist barettei ¢ 23 cidilisgi RMet 86 2 TUBBY £&En0 &AL -

orthogonal transform The notion cgn'pensaltmi on uni tééy decoding

resBOréxSt ke reapor pearimedcisadmdlydiWgt Bhe motion

motion vectaor 5 restored by the arithnetic decoding

uni YeSEOR 50 shhei fodiag onpde ubntf dmbatdsdinr @3 t hehe -

spatialibiiedictgd i mage 20 fromthe spatia

pr eBP& mPdefdig Hiaqnomd 8y lthe &hie howtihogonal

decodi k 7. A, switching.unit 54 selects for ;

om%ﬁ?gﬁépi%gﬁxﬁaFﬁntzhﬁéﬁ thged8afit igatshan @tep

pr egli e iypge i ccordance with the coding,

node in?%r%%?i (;r?a’.LST?l(e)estgpgc?’%et N aptgRation unit 18
‘lodeangbhectdi k- 08 R gi cfion ;.o o

error ﬁsi gnal out p%?% ro 8tE.‘“hag'll'si %ggﬁgéngﬁ%ﬁ oﬁ{ﬂta 17 and the

trapsdntzationl %t ¢ | gngl
apsdntiz ep hPa 2unbelt e I8 g.{:%g}g maﬁg the

swi.tching 30 unit 54 so ‘as to output a
21arthehn@et Hecaimtodinge dhit stred imeek s equant i i
menory 3b so as to be used to generate a predictgg izatlon.
| Mg f SAVLT $ pavs Shbgeuait ttoahisef slenodaditMoe 2dbjects
the orthogonal transform coefficientidata 17 and
15 the quan?ization step parameter‘23 thus inverse-
quantized to inverse ofthogonal transform.
. The motion compensation unit 7 restores the
temporal predicted image 8 using the motion vector
3 restored by the arithmetic decoding unit 27. a
20 spatial prediction unit 10b restores the spatial
predictgd‘image 20 from the spatial prediction mode
14 restored by the arithmetic decoding unit 27.
A switching unit 54 selects for output the
 temporal predicted image 8 or the spatial predicted
25 image 20 in accordance with the codiﬂg mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
s;gnal output from the inverse orthogonal transform

unit 19 to the output signal from the switching

30 unit 54 so as to cutput 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 ap@gratus and the video
decodi ng apparatus will be outlined. (1) Qutline of
the operation of the video 10 coding apparatus The

i nputl eicededsiignegel 2i1s 1 8PWtdPernifts gf fﬂaﬁbo%é%h 3b so
e

derived fromdivision of individual video franes.

noti 88 ds1ibet wgednitio 2geh efet eviadgor eddidged image for a
apparatus estimates the notion vector 15 5 for each

nmacr S6RS& SBbseqnentefteende i dageodledstioredei 121 he

frame neng&y 3a. The nption conpensation unit 7

const ruct sPt A& 8 RHPEIR N pddi bt BAW fege 99 HaBe® Hnthe
he ' . vector 5 en the notion detection unit 2

St B AR, Ao r B e o Ehe T4 Lebt eRbBA Ient .
receives tg igted i e. 8. fromthe .

not i on conpglﬁg’g:{?ggﬂ%nicpﬁggag:nhgﬁeg?rﬁﬁgs video coding

di f feppaGER et Was tERd NPHled | 903 i
terrpeg?gl predi cted i mage 8. 55.#%8&30%?%0?#}&%?% en will be
out ppasltimeedli fference, the tenporal prediction error

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

The spati dl1 prOdittkine wf t thea speertiont hef thaitvideo
video signal 1 so as to generate the spatial 30

1QrefiediBe apPBALStE®El ~11 by making a prediction 14
fromspatiglly_ neighboring areas in a given video )
frame. ThE WdtAPHoddMdder filighadn lunks Enpetedis units of

macroblocks derived from division of individual
video frames. The motion estimation unit 2 of the
video coding apparatus estimates the motion vector

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

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

20 the motion vector 5.

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

25 The subtractor 51 then outputs the difference, the
temporal prediétion error signal 9, to the coding
mode determination unit 12.

The spatial prediction unit 10a refers to the

input video signal 1 so as to generate the spatial

30 prediction error signal 11 by making a prediction




a node capable of coding a target macrobl ock nost 5
efficiently and outputs the coding node information 13

to the arithnetic coding unit 6, §he node selected by

the code node determ nation unit 12 being one of a

notion conpensati on node for coding the tenporal

pr edf EOMOrS patdra klgnale Sghboskingnadeed9 figf & %ﬁ%@n video
where the notion vector 5 is zero and the tenpora

predEE?W@h error signal 9 has a null conponent, and

an intra de for coding the spatial prediction error

signal 11.TRfief LGt MRAehd ehermimapt bdinctu nd toli2, selects

t he j deternination unit 12 outputs the
tenpaf)?lg{)a%pg'%sgﬁﬁo?\ 8§r §O8igfhlaotaggeke mratwgbdaick most
$ransf 5 B WH 5 a_.si.gnal that requjres coding.
vwensmfggﬁﬁglghéﬁ%tPiéh%gﬁ{EheCS% fodede information

det ar3ri vat itdfe VA them@etiput palisal g0
prediction error si gna?%f’i@t%othﬁ'e %rﬁh&%onél’ the mode
trassflzoted thi5 tdfe acdd¥ahoHiAld & £EY ing,. ..

Wien the notion prediction node is sglgglg{lglzﬁ%?%eﬁ anit 12

mot P& V@ comre 50 Es aoun@tti o 08bire WPLLAH n CRUJE! EQT) coding
unl% 2 to the arithnmetic coding unit 6 25 as

i nf 6Pfat t SMPOFRA L1 peed ke tdah ner Menstilma bt 98, MBI kip mode
i s fglected the jntra prediction node 14 is output

% ¢ ROERS spafic VBeER cthign metdotovectoe 5 is zero and

ari | ' unit, 6 ag information that requires
cod‘it'ﬁg%a%‘“ﬁ‘ﬁgaonftRaf&la?%ﬂ%s%lrmmnﬁ-gmleeei @8 a null

t hezdfn ' |t r.equj codi fromthe_c¢oding

node g&%eergirgnﬁﬁatﬁﬁ ﬁﬁqtiég%%%?g%t s%?ﬁecﬁ%ﬁﬁlg the spatial

omﬂmgdmﬁtiéﬁn%f%aka@ﬁeﬂﬁwﬂflth%ﬁéﬁugéigcting the

motion prediction mode, the coding mode

15 determination unit 12 outputs the temporal

20

25
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prediction error signal 9 to the orthogonal
transform uniF 15 as a signal that requires coding.
When selecting the intra mode, the coding mode
determination unit 12 outputs the spatial
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 ¢
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. |

The orthogonal transform unit 15§ receives the
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ort hogonal transform coefficient data to the 5

guanti zation unit 16. The quantization unit 16

recei ves the orthogonal transformscoefficient data

fromthe orthogonal transformunit 15 and quanti zes

the orthogonal transformcoefficient data with a 10

granfl&nay thﬁtataﬁﬁmrbhe¢wamﬁfafkg%ggmgmgéﬁin

23 determ ned by the coding controller 22. By allown

the E6&iGHMEBAN P RemreRtt d 2 conubiledbe qUPOt 5AYALD to

step %raneter 23, appropriate bal ance between a

cmﬁﬁg AREeBAd Eranateym andsoudhutendring| yedihbtant

vol f Lthnetical coded data stored in the
NG r Tt 2B P, AR 61 opnt s o fed the

at r i | ntersgal s.so that the quantization

stegﬁﬁgggﬁg?%?gggiiéﬁé'Ju§§éd i n accordance with 20

8 mode

the resi dustheVehild®t 4% Lf 1 e that remain_ in_.the
buf fer. For exglnpl e, V\hﬁl? e'%g%?dl}a UEF&mevess the

| ar gz thbeanall NG 1 84 8 ficsr i OBL .t eq .l ,

when t he residual volunme 25 isﬁ#ggilv‘%f’g dsa‘rm I?Qm the

codia¥t hegensl cantambifedn ouhd thi g5 $hd 25udift kRS the
qualité is inmproved. The inverse quantization unit 18

r ecEiNEOgRAA br tGfvR o nm anekdi il cdehft cianta daia hl7a

gro I,the guantization unit 16 and subjects the

or t AEGShAt L bhsAdvdd € aded chentt hiat guem t dziatveone parameter
30 gyan/ Lon wi.th the granularity indicated by the

16 qualHn ‘F?t{i .’o’hegtg"p? pfuh efliyyg "qratrebles 22.

ort hogonagt . ; nit 19 ubj ects the orthogona
trmwfonngogi?é%gﬁ&dgﬁf codig controller 22 to

control the quantization step parameter 23,
appropriate balance between a coding rate and
quality is ensured. Generally, the volume of
arithmetically coded data stored in the

transmission buffer 24 for transmission is examined

at predetermined intervals so
step parameter 23 is adjusted
the residual volume 25 of the

the buffer. For example, when

that the quantization
in accordance with
data that remain in

the residual volume

25 is large, the coding rate is controlled to be

low and, when the residual volume 25 is relatively

small, the coding rate is controlled to be high so
that the quality is improved.

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

transform coefficient data 17 to inverse

quantization with the granularity indicated by the




subjected to inverse quantization by the inverse 5

guanti zation unit 18 to inverse orthogonal transform
The switching unit 52 selects forigutput the tenpora
predi cted image 8 output fromthe notion conpensation
unit 7 or.the spatial predicted image 10 20 out put

f ronAlR Ghadtdlomretieqt iparamdétdfa,z3in accordance
with the codi ng node information 13 output fromthe
codi ng nodENBetldt R E&E oprtihicgaral Wieansfo modimgit 19

mode, |, ﬂorna%ign 13 indicates the notion prediction
mode® *PHE S t ERGP Bk $2n23 erassfanr s@plficHent data

tenmp L5 pcted j 8 output.frogmthe notion

compenBdateretnte A NRRESe Atk ng bR b ov g idghverse

§3 ipghaat; [ €4 AL it chi it 52

ol cfaftiRat tn Hhie TETre TS rlndoga

out putahs@o tme spatial 20 prediction unit 10a. The

adder 53 adds the output signal fromthe swtching

unit 52 t @héesaultpehidignehiftr 32t B@1ddWE For output the

orthogonal transformunit 19 so as to generate the

| ochePPaESIdepr pdkiget 4. ifhegleodal dytPmitdefpdad thegemotion

21 is stored in the frane nenory 3a as the reference

i M@ UP P SAt 19npainuked 7f T ki onpprdditt peedbcted image
6

ubseguent frangs. The arithneti¢c coding unit . _ .
1dssubj§gegt%u%8&ﬁthg§r83't FRfRcERA hdadnheP FBdGTE Vet ginkt 10a, in

br ed I EdaE witn KBS Hed nn inddRa it aRman hon 13
biuitsheat i [ I .

cteps et R, Ehe ColTHINoEY MLIIIARIGR, unie 12.

vi aWhlesr ttRESHG#iAG mode information 13 indicates the

motion prediction mode, the switching unit 52

15 selects for output the temporal predicted image 8
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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 4 so as to be used for
motion prediction for subsequent frames.

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

information 13, the spatial prediction mode 14 and




buffer 24 as the conpressed video data 26. 5 (2)

Qutline of the operation of the video decoding

apparatus The arithmetic decodi ngignit 27 receives the
conpressed video data 26 fromthe video coding

apparatus and subjects the received data to entropy 10
decoBPfy Qe Boigsenia L attarans doasm t 0okest DE¢ eifte dARME 017 to
vector 5 the coding node information 13, the spatia

pr edPREESPYoBO MM It REeaR T Higunato tstepsodescribed later
coef;hgi%pt data 17 and the quantization step

par anete® YPUEE HHhei qad 3adqEesnis: ivhausihe 1Bransmission
subj©gEs or,t hagonal transform coefficient data 17

ond TRET e 24 0o ERES A BT U, Vi o Bt B -

$he arit = LN nit fo. jnverse quantization,

.The i nveltr‘tgigj ort%ctgggﬂgl %tfrja#]glfeor?]#%ﬁiatt]l‘ggsﬁﬁ e%ﬁ? Jptdeo

t he dz¢bagenpl appansdeaw coefficient data 17 and the
quanti zati on step paranmeter 23 thus inverse- quantized

toirwers&hnthmmﬂnmetmﬂméebmdﬂﬁ?ndﬂE&CQW'EbE%%%es the

information 13 restored by the arifhnetic decodin

uni COMPrAgised ey ider daumt26n faredi eionviad® &BYAing

nmot i_on conEensation unit 7 restores the tenpora

pr eGFRTEA FRByeaBd @ ipjectts nbhieorr ecetiored Hattor €d entropy

y rithnptic decoding unit 27. when the coding

10?r0d§|&i%rﬂ(g+ﬂ§ti %895 hhad olatene HO t A8 49 t iRstiqre the

decgdicig AN| [ndicates the 18 intra node, the |

spat i al pllrljegitegt%’lj%% S’rﬁ ?‘Eﬁﬁb cedipg duodg. igkermpation 13,

pr efhet 49938 20rde; : [ predi ction.node

14 rest gﬁ?ed by thlg 165 88 A4 D" ¢4 orthogonal
transform coefficient data 17 and the quantization
step parameter 23.

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

20 the orthogonal transform coefficient data 17 and

the quantization step parameter 23 thus inverse-

quantized to inverse orthogonal transform.

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

25 motion prediction mode, the motion compensation

unit 7 restores the temporal predicted image 8
using the motion vector 5 restored by the
arithmetic decoding unit 27.

When the coding mode information 13 restored

30 by the arithmetic decoding unit 27 indicates the




arithmetic decoding unit 27. 5 A difference between
the spatial prediction wunit 10a of the video coding
apparatus and the spati al predictiaﬂ unit 10b of the
vi deo decoding apparatus is that, ile the spatia
prediction wunit 10a is capable of performng a step

f f
o el slge gy WAV el g s 10
spattals 4y edisCli R JPFELat hg rehipd & gle rfﬂ' %éo?e nl.lng.nq the

lob is limted to geénerating the spatla

|nmﬁma&iammpﬁéﬂﬂﬁﬁﬁbﬁ|m&&é'@409e@¥@rgﬁtﬂ tqﬁe
given. 15 The switching unit 54 selects the tenpdra

predrishmende sdeestdindg hyntilte 21pti on conpensation

unit 7 or the spatial predicted image 20 restored by

%he spati o grdetf eriesrc enibte tokern nt hacaop danicel Wthediction
the coding pode information 13 20 restored by the

ari tHeti d ¥dc &k ngh éni¥ideo Trediswg t epipyratius54nd the

t hen, ou put t he g %Qted i mage _to the adder 55 as
theﬂﬁ% Hﬁé CLHRAN AUkt 5300 & Hlhg VHedeo decoding

pr E?P%Saz'%?. i Ehate AT R Q#tpa?t‘ieéﬁﬁﬁ’rte*é‘iction
h
So DML PR HPRIALRY BB A AR  fhap Of most

o 10 meePichierst byed dankdir dﬁ&%{)&fltf{%@ga%ﬁé quue %P:eclon mode

used to generate predicte nmages Tor “su

fraids.£ Podi f4 evancte 0ot WeENalh i1 B Ifé 28D SETRN S5rdQict i
and 3b consists in the difference bet vveg% the vi ﬁr Aiction

codnpgleppartdhesspak inle yrded cledodi ngndppParobusis limited
”*?SCSQ§E¥J?§QE“%he spat1al predicted ima 20 £
ge rom
the spatial pred;ct;on mode 14 that is given.

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

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

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

25 image to the,m@ﬁcﬁonehwr' signal output frbm‘the
inverse orthogonal transform unit 19 so as to
obtain the decoded image 21.

The detoded image 21 is stored in the frame

memory 3b so as to be used to generate prediéted

30 images for subsequent frames. A difference between
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the menories. 5 (3) Arithnmetic coding and decodi ng A
detail ed description will now be given of arithnetic

codi ng and decoding according to §ge features of the

present invention. A coding process is perforned by

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

decotheg foramesmeémopdd® PR J¥dt BH S6hENBEECin the
decodi ng unit 27 of Fig. 4. Fig. 5 shows a

constififemencle thetwedmhnthiec viddiongoding apphirtatus and
3. Referring to Fig. 5 the arithmetic coding unit 6
comﬁh§e§k§%@nﬂ@@0dé@§ dprégtatnsnaréspedtiivedy shosting
binaéﬂzation unit 29, a probability generation unit

30, atEoliSMPHA®E 31 and a transmission unit

eneration it 35 .The . context nodel ,deternipation
gmt 28 méipnhﬁﬁﬁgméiﬁﬁeQP EI%Q%saﬁ Pgter)
defined f 0 4. Nndi, vis y f _cqdi dat a
"ol it ng  (GRER L1 o8O ddRL B ol REEL R i B8 Widen of
i nf ipthaetBe dWifgaldmd PR 4l 7 fgd
the orthogonal .traan'f grm coef fi mg%tn%ga%ge%#ﬁg to the
bi nffeabtires ofi ttXd poesweht Mhvehtvebndalrd ddding process
accqrdance wth 25 a binarization rule deterni ned for
each ofpeydesrmed duyli bpedaszitHweprichabodiing unit 6 of Fig.
eneration unit 30 assigns a probability of
ccdr rRde aofd erpskiyngvprReess ois 1penformngid/ikipatthe

bi nary, sequences . after binarization. The coding unit
31 &Fy ‘b{?@? afleORRLRg BRIty Dhsed dFigmes-

pr obabi | i hugs 2 enerated. The tr.ansm ssiqn unit, .
genenﬂio%ﬁﬁﬂtgsgk?%ﬁi&n%gnﬁﬁf?F iR whén tlie arithmetic

32& gB'&BM& Wi 96 FPUFILe $USRELFEL AN RS G S 5, the

arithmetic coding unit 6 comprises a context model

15 determination unit 28, a binarization unit 29, a

probability generation unit 30, a coding unit 31
and a transmission unit generation unit 35. The
context model determination unit 28 determines a

context model (described later) defined for each of

20 individual types of coding ‘data including the

25

30

motion vector 5, the coding mode information 13,
the spatia; 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 segquences
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

arithmetic coding unit 6 of Fig. 55 1) Context node

determi nation process (step ST1l). A context nodel is

a nodel tha; ?ﬁgines 10 dependence of probability of
occuliSdireate t'nhesw'd‘)@hsmrggm)qlr n AU

variation in the probability. By svmni?ié%?ngé bgtbwee 6% unit 35
;nobé&q%Q?te§uﬁ%§ itri.mtogr danen wHd &g tieRERANC€oding

q¢ gle to perform codi ng adapted to the 15
probaB| 4 ‘i Fi FuSPPndRdr anst eoostepcte dankext

node I inary data, synbol is assuned.
Qﬁlgﬁgsq}ghgﬁﬁqaﬁl Z@ P%&%nd&ﬁhtd&ﬂ1hhe timing.
gssunpti o hat. t b|| tate of the data

symbol s t(rabzg “Whi ¢ § gﬁﬂﬁlﬁg SR8 L PEAGIORS €8

on tper foxikkdi @ tl;ﬁewad‘[e e r@g a%COédl nt c‘h%ﬂ%:f G of Fig. 5.

first enbodlnen t he va x 'S

one to ariolhatél:mltna;f;lﬁcﬂ:fdii?é‘caé‘\'!el"f’m:.'ht3 Cgﬁ:&gdfggg&%g(step
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bet ween coding data for a given macro

dat #%b} -a nei ghboring macroblock. Fig. 8 illustrates
an exanple of context nodel for a notion vector, the
examﬂe b&rﬁpﬁﬁﬁﬁimeMdl ishepeneted .t h¥itdafefines

1 £O! a u3|nngbntext-Based 30 Adaptive

Ari RyRbakdil bty @l oCoeremeses o6f data

| mege iy £8SSIN0: 2001, The context nodel here is
reIe?ant%g %rnﬁP%ﬁRﬂﬁF&PWntaaqmﬁﬁéﬂﬁﬁkvarlatlon in the

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

Fig. 7 illustrates a concept of context model.
In Fig. 7, a binary data symbol is assumed. Options
0-2 available for ctx are defined on an assumption
that the pProbability state of the data symbols to
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
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 bD.
Marpe et al. "video Compression Using Context-Based

Adaptive Arithmetic Coding", International
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Referring to Fig. 8, for coding of a notion 5 vector

for block C, a notion vector prediction error

mvdk(c), a difference between thesgotion vector for

bl ock C and a prediction thereof from its spatia

nei ghbors, is coded. ctx_nmvd(C, k) indicates a

cont 6en frexiehc ello nvdit{dyei PHEAELES Pn FORICYL VEHHE context -
predlctlon error for block A and nvdk{B) indicates a
not i BAdedecher eprigi cteomvantortbom hhothch wed(dy in a
and nvdk(B) are used to define an eval uated val ue
ek(d?a°§VH? QF&F for switching between context nodels.

15 The ev indicates a variation in

3% ted val ue ek

ot on vectBEEETLAfe bR éﬁ&ﬂs ’ éﬂ%rﬁﬂ%ﬁnﬂfQQ(Qmetlon
C | t

ot ek o e, sl e

havee Arbar GRygRYR § Udg. dg%fﬁggﬂgﬁmﬁ%t&%%&(Eye motion

probability of occurrence

shoutelcbest beropiliseked bagad a of f@df&tlﬁﬂx@ﬁggeof from

model is one of predefined sets varil ations
proldh% | spatesailmteighbdhés dasecodd@l ecaie hdHq, k)
variation sets of probability 25 estimte. Aside from
the ifilieategt or camhestt models. are defined for
odi ng data |nclud|ng the coding node information 13,
fhe mxulmV?$é&(n¥Bﬁhﬁﬁ%e§4a ane teiren ovelafonalpredict ion

tra oeff t data 17. 30 The context npdels
are%?;ﬁlgrléd hi r}ftﬁm?tqq: Bydk(B)ngiRALC AL ©F ghdwotion

it oSG ?’he SETCnSIRAE Fh Bine R R oikikea) ana
modak e 8y Ma¥é 3l to’Sefine 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
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symbols in mvdk(C) should best be optimized based
on ek(C). A context model is one of predefined sets
of variations of probability estlmate. In this case,
there are three variation sets of probability
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.

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 probabiliby estimate

variation is described as a probability generation

progﬁéa.in 3) below. 2) Binarization step (step ST2)

10 ddtd ngndat abi o ft uthed viird@oa U d@h ??#%

by the.%i narization unit 29 so that a coﬁte sr%o eTuS and the
i s appttdPebicadeepd imynamnit | 22atddnkhef ¢h8eo decoding
kﬂrwg% §§%H%F0e' The rule for binarizationis in

accoraBncd Wen e gerdteexts mpdedi lleterminaalivas unit 28
of tde gad . variable-1ength binary sequence.
results. &J%Egﬂ%?eégghQﬁﬁlpﬁﬂ%%&ﬁﬁsd@faﬂig- 5 selects a
Subjmred &m0 ddei tklev di_n ata o arithmetic

codi ng, the nulr%b@ear %#’ﬁdi%lviéﬁgﬁs 95t bhabida®F .l ine

is 20 redserest itdi Qqqnyt ticdhi s,y Ml Lfied. Thus, o

bi nari zati on has arérit(a gi%ﬁb#%ﬁ%} C8§diexf Probability
nod&is.t Bya eobabrlijdtyi ganarat §88 ¥ P58 tep C 1.

As a result of the processes 1) and 2) %b‘%%e,g pgggablllty

bi n4FNAXR AUt phocrssi liaves jcodirgwdata and the

setting of a context nodel applied to each bin are

conpl et ed? ) TR BAKL 23 binaw s eagy fotepodimyg) Each

1 gcont ext nggL{hggLudes variations giving an estinmate
|

of the probabii9ty orddFe Hhetyamedbdmtoty binary

Jorce ety Bk gad aafiganainis 3 9o that a

prdﬁ@t@ﬂﬂ'ﬁBdE?uiﬁmgﬁbfﬁéy]tEneggﬁhQ¥§'(binary
location) of the binary sequence. The rule for

- binarization is in accordance with the general

15 distribution of values of the coding data. A
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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




1

Fig. 8 shows an exanple of the evaluated value 5

ek(C) for selection of the probability. The

probability generation unit 30 deRgrm nes the

eval uated val ue such as ek(C) shown in Fig. 8 for
selection of the probability. The probability

det eFRAME¥Enmad e Lagiekesmdinedy ioxastees SPLi ees 48 to

availg%%g égﬁtgﬁlcontext nodel referred to and

det eP i (S aPrRP8Ridiity oBpdbiocepraenaet ®fi 6/1 in

to bgagﬁpq%iﬁr coding of a current bin. 4) Coding

process (steps ST3-ST7) As a result of the step 3),

the probabgjity of cgurr f_ 0/ cessary. for
achneHc:cgmr@ shgﬁétéyméﬁgﬁgifi%%nf FefViinated value

br obaki Cijt £ biNe e 1 A6&ATSH nB'fy’tdﬁeggPi&gg%Q%'ﬁ{y?l The

perfornms arithnmetic coding as
ref dpenbabiol i kg rpéatedit foh (& £0 Sﬁﬂde%%ﬂmfnfﬁ the
e

actual coding data 32 (0 or 1) is fed back into

protbR I neyt e@dnyadkwensuwch 88. elbec)f reNsencYi®f Fig. 8 for
occun%ﬁnce,of O/1 is counted to update the variation

of ptobEBEHAY edtitaee nrkabilbhyextThedplrolaBility

(st fg?%” 25 For exanple, it is assunmed, that, when

atota A OB igMm U RdFe INeACEIAinghy examineisoptions
®f aRPPpRLId Vi gstd,ate in a given context nodel, the _
frequencgggfléoc%ﬁr he oM Aty MR edn e fgrrad oko and

of Aedh@phhntds eghii @Y €viag O 0.75. \Wen_ | .i.s. 30 .
subsequent [ y code %Eﬁn&%ﬁk?§§° v%?iﬁﬁ abﬂ%ﬁty estimate
prothabito t beesis 88! Fot hefd £AHCRDY &F QEEHERENGS; nOf

1 is updated so that the probagilﬁ?ygof oc%h?réﬁ%%'of

0/1 is updat &tb@dn® ¥rocksd2(steps ST3-5T7)

As a result of the step 3), the probability of

15 occurrence of 0/1 necessary for arithmetic coding
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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 pProcbability generation unit 30. The
frequency of occurrence of 0/1 is counted to update
the variation of probability estimate in the
context model used (step ST5).

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 ggperated by the

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

fed to l;;; tgénsnission unit generation unit 35 and

10 mping idd tynt esdaimacenstt ht i b$S!

unit as described in 6) belggw (stegigSeT%)lEh??nb% dteurrence
detePﬁr%ﬂ%%nWRﬂmhadzﬁbtuhﬂmthﬁétﬁﬁbbgmiiggycgfa

bi nary _sequence (bins) of the coding data has béen
coded F&%ES‘F?) Of10¢¥de tadiupdabediZmoD .Ioen, 0.752.
conpj .returned to step ST3, where

trol |j
pnobagkﬁﬁ%fﬁgn&%u+g&%cﬁeéﬁaﬁkﬁmfwﬁﬁfia&ﬁmtedeing
stepsgabe ferfQr f gt_Ls determ,ned that the
codi ng rgg(gs‘téBi ;qu% Fé‘t‘éﬁ? prebaedklsstpnofhieccurrence is
gengs@d A s ocess described 20 bel ow i s perforned.
5) Transm ssion unit generation process (steps
ST8-ST9) An thFetiHmeedid 0o b Lural f .
sequen_cgsaof coding data into asss?nglegl%%%‘e:%o dl?YAtrQ% ¢°dl"9
spedititcddsitieont itdre t baid Bhquldh g givengt g \d
signal is that a decoded inagg shoul d be pcreg?eﬁbiﬁgi fed to
uni (9'Sf LFARARILS idmt ua ift agenwarot Yor subRIALES. ang

This i.s because a video signal is characterized by
l%ntﬁ&iﬁﬂ

. BT Inipdihedn tia arons30l tut ifrqma- rdnemss ion

Con i, JUCHBLALFoaa' 10 [ BRRe e e sed

%‘giaé gg{%t g%écﬁé‘%ngﬁem?ion””iéi Rl ngsWittct] 8tl'1r¢]=_-etrher 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-ST9)

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

and frame-by-frame display. Therefore, it is
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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 upigts smaller than a

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

slice structure produced by grouping a plurality of

macr oblcEeks arty rest ¢d e en £ der bolbhdrh8ly between frames in
illustrates a slice structure. A macroblock is

enci pElddimetdstablyl iomspre@Gaedaldataa Fidrethe purpose of
structyre is used as a unit for resynchronization in
deco’BPHrd'-.lﬂ’?aeéi'{%i vithxatier mediz data asecimppsd

t . .Of P 15t t ket. F
ol SRR BERAR A G ot DarBnaRRA 6 Ok PAS ke tco
ol cyeoRea ShilY FIR opPefETEed daRB) BaTofiansnission
s bis t dtg. it
neadss 20 et Fon. 0 Pax GLEIERSATTRE 806 Bpafier chan

ont ca af reae PagnPxafp IO oler L§sd . exanpl
Ki kuchi et al. "RTP Pa)?)I ogdogoﬁrﬁa???rmhﬁe%gq{f@ 1¥nown as a

Audisol ¥fsuad t Buceanse, pRfCa30Ed degCifiPspa NPt A0p I PFality of
mappi ng the MPEG 4 conpressed video data onto 25 an
RTPASTedd a@kaniin vh sMREG 4cdn coxdenr deo
tgackets). RTP packets are transmtted as UDP packets,

i nce UDPFdo®s Aotikipgdrratesr ansaildgonstamcture.

entiret f slice ta not reach a_decodi ng 30
appgmﬂﬁs%Méﬁéﬁﬁéiﬂﬁgw¥ése&ﬁiﬁ§;ﬁq bﬁedﬁ%&ﬁ@:&iﬂes-

f gde t., sl i [ iti d .

Cnf SrineRaINg ” et b8, A ORRAr 8035 Ghrpdk s @ unit for

deCQ@dﬁhéﬁﬁHﬁiQ@%ﬁ@hefﬁe&eUb&fﬁg§m¥fqga¥ypical 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 less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
Packet has a time stamp attached to its header
portion. Slice data for video nay be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
an RTP payload in units of MPEG-4 slices (video
packets).

RTP packets are transmitted as UDP packets,
Since UDP does not support retfansmission, 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 properly dgcoded in its
entirety without resorting to any i nterdependence.
For exanple, it should be ensured that Slice 5 is 10

code@fnigwbeteqiseny islf Deentd P0aofi MBEHARH0kSned on

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

i npr dPimasian i efimithe dddimardeld i sldney, RPWWEpriate
It i? deg%rabla t o adapt thgdﬁﬂéObability of

occurFETCEBE SyBPE tRPES dewvgnsiforthei smboequent
to [ i n process of dividing a _probability

| ng.E h?‘tgaéco%é@% it VA2 | ithe sdeGrdbeadarppar atues

gt hego riny fggnple, a register value representing a
codeword 6# rithnmetic coding are not nmaintai ned when

arithmeti creeditny & riies 2R || cr ck in Sice 4
i s conpl eted. For Sl Fee SQ't ﬂfeérg%i sr?'%gﬁfqrégeltcl o®nsure
an ithatalamsy aydven &hatc €04isNG 8ok r t hi .

way, it is irnpssibletr)expﬁﬁg cgﬁiggtpg%?%gg I8 its
exi Nt peedgenwikhant afeshred g 286 tdweyheat OfF dependence.
Slice 5 25 resulting in a |lower coding etficiency.

Thu,P% e§&mp be,pridet sbouhdt be desbwrdd thait Slice 5 is

esiJjence .to unexpected |oss of slice data due to
IQraéﬂéééig thoBts UsipgprinEermat horcosf sagroblocks

dec LR ts din fficiency. 30_The transm ssion
1ot el W SIS, APk ok ng i b ek

unit generati'on U

provi ng: e ShBEeAEHERICo £ AR EpE €\sad fng
speefﬁﬂﬁﬁéhcﬁWGHSMEVbrf it is desirable to adapt the

probability of occurrence of symbols to surrounding

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

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

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

decrease in the coding efficiency.

30 The transmission unit generation unit 35




possibility of loss of slice data due to 5

transm ssion errors is extrenely low, interdependence
bet ween slices is not disregardedyybut is fully

expl oited. Wien the possibility of loss of slice data
is high, interdependence between slices may be 10

di sragaodatiing ttat thike £08ny €hbod BREHE Hrovides a method
adaptively controlled in units of transm ssion. The

trandndsAmnappiar gener afopn impro®imycohdi ngdaptiateility of
first_ enbodiment receives a transm ssion unit
desi §R&t i9RE s8gnalMSEeatspae idhiticald wf whemashhesi on
unit. The transm ssion unit designation signal 36 is
pnmﬁ8§3%£9ﬁ15&ﬂqgl1Qﬁ%n9¢i tfe dyka e ngo
pp s e. transm ssion unit _generatign unit 35
genz‘#g%(&e{%m%ggﬁ‘&ﬂ SSE&R Whi t8 kﬁfxﬁgﬁﬂq Bnit?F ¢ he
code [ LCC . ecei f
the B rErtlepdnd¥nfl U LOI EEISEs R IR i Bregarded
ti mpgtofi gt hgulilg,ptgxgﬁ_dih@ear_ansm ssion unit
desi gnation signal 36. Mire specifically, the
transm ssiwtrennith@5pegeneiBildrt pnbie Fo 8Bl dP| £X8%Te data is
the arithmetic code 33 derived fromthe coding data
32 duighknt iixt @rdepentiers ¢ hhte tooeeni tal £cele may be
transm ssion unit (step ST6£. The transm ssion unit
1¢endtreganded 3 debatnitbs wrdbog REFAgignayt ds
ocks that _fit_into a transm ssion unit

Lg;éﬁégﬁgg% BrfCdt O 1P d efdr ihyteo Qhetransmission.
whon 1t She P BN E RN CBATE B8 mrrh e, uRLt 35
entig'cdor@iny to the first embodiment receives a
transmission unit designation signal 36 at the end
15 of a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the video coding apparatus. The
transmission unit generation unit 35 generates
transmission units by partitioning the codeword of
20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.
More specifically, the transmission unit
25 generation unit 35 multiplexes the arithmetic code
33 derived from the coding data 32 sequentially
into bits that constitute the transmission unit
(step ST6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has




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 stepggare performed.

When it is determned that the coding to build the

entirety of a transmission unit is conplete, 10 the
trandferi comml etgenerbyi are fidkt 136y CEBSWNEL $rahsmission
header for the subsequent transm ssion unit as

descMetl gelsdvgnatdereTs)ignal TREé W tedS Froyi.deshen it is
regigt r reset flag I ndi cating whether a register

val u F%ﬁﬁ@ﬁ@ﬁ#dﬁ Rdnftedifnprbpabiuilg [tihe entirety of a

seg [opn_status, ..e an arithnetic coding
pnog§g§ﬂ%§98§ﬁﬁ%rHn*%ppééaﬂ%FiBﬁe%hﬁﬁﬁPbétﬁﬁmtcontrOI
isn the next A{SP}, S S uif. LN tgf j nitiall . )
gener at ed ?Fgﬁg%géiéﬁgki?ﬁ%hﬁorg %#eF %SQ¥HQQ@1natl°n
I's sef 20 d@ntRdi€ansddnt b3 0

reset. 2. The unit 35%?03P§:s§§%g%ﬂ?§fh' tgegleggerare

val uperfitedndi cates a register value to be used to

start arithnetic codi ng/decoding to buil d/ deconpose

the next tWhesniissi bs uWeterminyed5 twhep thee resustty to build

reset flag indicates that the register should not be
resétNeAEThbLAtYh ¢fga Fransmimsioal ungitstes vamglete,

bS Rrovided as an jnitial register value 34 fed from
1076t

JANFRLIS$1IQB WLl geNRE3tdPUNINit 35 constructs
gen Lon unit 35.. .30 Fig. 10 illustrates a bit _
str%ﬁ%gﬁggttarbf% SRS gAUSTHet F€OMAS PR @nit as
As ng)g@rij_@,{fi gbel% sk{isq;eegpe?(}gr data for conpressed

[ a ' sTi é

video slice ta i ncludes Start
l. The unit 35 provides a register reset flag

indicating whether a register wvalue, which

15 designates a probability line segmentation status,

i.e. an arithmetic coding process for codeword
representation, should be reset in the next
transmission unit. In the initially generated

transmission unit, the register reset flag is set

20 to indicate that the register should be reset.
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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
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.

Fig. 10 illustrates a bit stream generated by
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code, the register reset flag described in "1" 5

above, the initial register value nultiplexed into

the bit streamonly when the regi gger reset flag

indicates that the register should not be reset. Wth

t he ?ﬁded i pf ormati on descri bed above, slice-to-slice

cont F&i 83X L5Ame ¢ ifn9dingdivmiks 6 10 mai nt ai ned

even when %oss of the preceding slice occurs, by using

the regi st®P PIRYDf gy BAg-the0,i mkide headeer data for

val Yo i curyent | i ce header_ dat a.
Accordiinﬁgiéﬁggﬁle%%gfgﬁg S:Lf‘Fieci‘i‘?']E? iinpludad ed sdoke start
becardag,l avheld Jd S the,slice header data

and the conp?esse%g(s/ii%(%o 'E%E%é: d‘g%&%eﬁ?ﬁacrﬁﬂ??& éded" 1"

$nt @abdhe ,saprebiity 5t 5aam QY. i a wn.in .

Fi g;’;ﬂmll, the slice headerrﬁg?g}ﬂgg \é’?%%?rﬁlﬂgﬁp&exed into
sep eblitt stresmmfonlaf fyheq (¥ RBS PSS d

t he .conpressed vi deo sligi data may hanfgg?géﬂéﬁaQEt flag

t her @bl ptied ok hatti obhecfiregisg d o B u L nesPopdi Mk set .
slice header data. Referring to Fig. 11, the stream

i s transnited tReacrddeshcinfiotmatiod Ripsatoibed above,

The r.data. i.s transmtted 25 using TCP/IP that
prosrhlggésjg?SPeﬁ%éFf QR iMA 15N 152y, aret hmetrbssedding is

1ovi dﬁ@i‘i‘?&é‘ih&%téégﬁrﬂ&ﬁg% Z’%ggl ,%Tgégg%;pﬁggc\ﬂcihngh@lice

characteri zed by sma
sepatairstr ] e £t _Eig. 11 for
transm ssi gnyxr%%iﬁ?;dgﬁg ?ra]%é)f‘fg;n i E&SHE uflAg fapd the

datin3®iazl alr%l'g'iéeéxUS&QQu%T%Hgﬁ/dcfeaeq_qa nef)fegecurrent

partitioned into slices. Use o i ces basi ca
redidiee rlegettemgdatta. Accordingly, the coding

efficiency is prevented from becoming low.

15 Fig. 10 shows the slice header data and the
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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
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
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

headers and transmission units, the data




i nt erdependence (context nodel) between a video 5

signal for a given slice and signals for neighboring

areas to ensure that decoding for 3@ slice can be

resumed i ndependent of the other slices. This wl]l

brin%labout a drop in video coding efficiency. 10

Once tinansmatdeddnshiovwgvBTP {UBP AT heidd ahot be

register status is transnmtted over TCP/IP, as shown

in FPGruytiginrd dndgrml 8ldwede coded by fully

exploiting the ayailable context nodels in a frane.

Resul t ant g?ﬁﬂﬁ%t?&ﬂ?9Sc&ﬁ%18$%#ﬁaVQQ§1§es resetting of

it Ty~ . (o BTP ‘
e BB S bl fe T ocwesn  vidos
o oL BI P e AN Bihis Beatd (PoBR AR ngOr

af f eabeg Hyo LR APl PNECOHE h HRI £ Hak q‘e[@Hl:lti'ngofor a

Therefore, a bit stream produced w thout the

consslaicet scah e skisemelr UridépeseRe of the other
transmtted, while ensuring a relatively high degree

of rebifiesnceThdservidd bniay sabewtatavarappr ackyideo
shown in Fig. 12, a 25 layer above nay be used to
i ndi CaféngheRr R&d ciiergi.ax conprising the register

pgeset flag and the .initial register value is to be L
Used. Fi g.oM%CsHdns1Sa SgnEest, rBomevenyr sthataghe initial

0o g by B PLSARILER AV BRI, as
ST ABLLD LY oA o, LI Rea by
framesll foegxaophsnyhenhd tabn 964658 NEGntAlc t i dels in a
frame. Resultant arithmetically coded data may be
15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes is consistently obtained without being
affected by the conditions occurring in a circuit.
20 Therefore, a bit stream produced without the
constraints of the slice structure can be
transmitted, while ensuring a relatively high
degree of resilience to errors.
In an alternative approach shown in Fig. 12, a
25 layer above may be used to indicate whether a
syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a register reset control flag, indicating whether a
syntax comprising the register reset flag and the

30 initial register value is to be used, being
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circuit quality is low and stable video 5 transm ssion

may be possi ble by consistently resetting registers

t hroughout a video sequence, thegzfegister reset

control flag is set to indicate that the register is

al ways reset at the head of a slice throughout the

vi deBuddgiphexed nintic aateaddrt e ¢t £6hEE tHeEvideo
flag and the initial register value need not be

mul t FHESRRICEn PBPIrde bygslai qel utadealt yBy £onideld i Plames .
register regsetting on a video sequence |evel,

over head i ?Errﬁa’f‘gﬂﬁ’-]tﬁhewweéb 1t fisardetemuified eghht the
slicgjl u i n, size en, for exanple, a
spec?%?gé{iigrgg'%tigf)ﬁdilﬁ gﬂ%‘f Andegddhp e ¥ kpeeified
Brrogrg ' Fredit ). persisi.s. The register reset

cont r ol ﬁ%ﬁaggﬁﬁofﬁg Olﬁ%esﬁésa]tlf%\shgwtS%Q%%HSPto*Y

any xieseted ygd e lth frane) in

a viésl;eo seque%cgfégz%isg. 13 éﬁg\%rs‘;&a@glﬁr% e'\‘l’?ngl"L €0 sequence,
consthecreqi ot etthere geitt iEh | eceqli i | AP

Fig. 4. The arithnetic decodfl'ﬁ;;;fdlj!lni‘?ié‘=l cgﬁp:sigs%seg indicate
trafdtA Estde uneg ideceri g | ol wiaald zakisent ULt e head of a
a context nopdel determ nation unit 28, a binarization

uni £ € athrpuphiauy §becreider wetusidcand Bn this case,
ec%qlieinguni.t @8. The transm ssion unit decodi ng

i ni tial i 23Prsh- ohi £ e¥etnifilagi aasl the dnitial register

traggiissi i _received,. an arithmetic decoding 30
processu,sébgggg:{]o}ﬁogd&% Piddr bRt e ePBt 8l §4 iesby-slice
arilBgeiji c coding and included in a header. The

context nodel determ nation unit 28 identifies the

type m:chwacdnﬁromkiﬁbfwé@i§Q@¥“¥e%@%€RBHNBn a video

Sequence level, overhead information otherwise

15 transmitted for each slice is reduced in size when,
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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
frame (Nth frame, N+1lth frame) in a wvideo sequence.

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

The arithmetic decoding unit 27 comprises a
transmission unit decoding initialization unit 37,
4 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 information related to an




vector 5, the coding node information 13, the 5
spatial prediction node 14 or the orthogona
transformcoefficient data 17 is g be restored by
‘decodi ng, so as to determ ne a context nodel, shared
by the video codi ng apparatus and the video decoding
apparatisshmedri d heoiddangi binefl ipaudé8 i a header. The
bi nari zation unit 29 generates a binarization rule
def i RO foxtt nwde2nddtedndacatiiog dahatt V8. ilentifies the
probgbilit generation unit 30 gives the probability

¥RG hteddtaach o n ddentifyiimgavhedhere theéhmotion

of o
the Qi | zagion . ,rule apd the 15 context nodel. The
daxﬁ?%?ﬁﬁr%’ %&%rFaﬂ ngymMQ deedind QERad hgnbdsed the

gn t rapbabl L ty. Lhus _geney at so as . to restore
tmaﬁgﬁﬁﬁggeééﬁd%%Qﬁﬁp @8§émfgn&§iFF&WﬂEFBHQ&Fal
the spahisid o PHEUSE § d e. Qr thogonal
transform c%e#hf ?ﬁ%?&foir%g?a]#%élgnltglgc%?dé“r?cegﬁi gipstored by
the deodidimggueRceas! asy! §bk arg t '

decodi ng mﬁ?the binmﬁzatio%é%?gkFég&gﬁfégtamOdel’

f1 ovithharedsHoyi the pideasscodeingr HYathfs and the video
arithmetic decoding unit 27 of Fig. 5 13. 6)

Tr afs®¢ 9 4iigrg uapp aieatdisng Foirt ithezdident if te@stype. The
1éjst , ST1Q) As . shown in Fig. 10, the status in the

ecOI AP THAAT 38T R iitt %) | gemareates ai bimartzaition rule
decaqgd] is, sfart based on _the register reset 33
fIa?%a%nFﬁa#ﬂFt%ﬁeré&%ﬂ%if%94md9$QQ#PHm¢ﬁE§ type. The

0 BRI SR Lo RUHA R To7ld e et R
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




1d

the register value indicating the arithmetic coding 5
process is reset or not. \Wen the register value is
reset, the initial register values34 is not used. 7)
Cont ext nodel determ nation process, binarization
procgis and probability generation process 10 These
procésses and pelié ohneik by 1t hee gapitaxt vEQ4E: 34 i
determ nation unit 28, the bina?ization unit 29 gﬁ%lt14xlexed
t he pR&FaR2Fhy tyeansatisa ioni tulQ tshowohi ms Fad.s I8ce (step
Thqu EBocessgs are identified as steps ST1-ST3,
reﬂag Vel yE € ¥ PE LS REhaes @hd fillreg 18 edeisgniaftimg whether
ther@R% &%Hggg%ted siﬁpe they are simlar to the
cont éxt o &er PRt on iR atdnasTihpdax ithae bdc coding
the pPrQE 1 L.narization process ST2 _
ide%%fiegewl?hggﬁggesréyo$ﬂiWﬁ@n;ﬁ58a5¢gi§ter value is
genefeé e@n PFREESS Y3 aid ifsl S t he pyocess 3
in the video coding apgalr g?%é.lsﬁg?gArVizﬂ%‘ﬁ%t i3c'ir d&Bodiqf used.
process (stepcShtlaxt Theode2batit b iHa LEHH '
bint;p be restored is identified t%%%ﬁg%eggg{p§g§§§§%§'
1) - PLnarpeadetodi norovids 88ahestwredalEl v&l 8h e ;
25 g‘,}% ST11), in accordance w tlﬁ t he arithnwefc‘l’c Edtion

|

dec €BFocess described with reference to the
elated aft. In a simlar configuration as the video
codi ng ap GsPhi9RegEéSRi AFaurperi®mmedt dythhe context

fre f.ioccurrence of 0/ 1 sq as to update 30 the
gno@gm Se&efﬁé&qE%EQ(Hann%%teﬁmgﬁb;mﬁrl§h¢ion unit

decpdi ni t nfirns the val ue of, bin )

Hmporg?%ytaﬁﬁgﬁﬁh§$ié%ﬁxlge&Qﬁﬁ§%&9igglﬁﬁﬁpeﬁhown n

defrigd bysthemidear igAbEQL &5 6 CPdentified as steps
ST1-8T3, respectively, in the flowchart and the

15 description thereof is omitted since they are
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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
the process 3) in the video coding apparatus.

8) Arithmetic decoding process (step ST11)

The probability of occurrence of bin to be
restored is identified through the processes 1)-7).
The decoding unit 38 restores the value of bin
(step ST11), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparatus, the decoding unit 38 counts
the frequency of occurrence of 0/1 so as to update

the probability of occurrence of bin (step S§T5).




ST12). 5 If the value of bin restored is not confirned

as a result of conparison with the binary series

pattern defined by the binarizatigg rule, the process
identified as step ST3 for generating the probability

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

are [érd odesddiiorg aundcond 8t ifer ¢ 8le@PScofBir®élbhe value of
STS, ST12). If the value of bin restored is confirned

by §l}ébe§§$t+lolr)ﬂdrabyh|cr@mptammg tite Wikd ya SBiimsry series
pattern defined by the binarization rule, the data 15

i ndi B3P H) ded Redniy pae ebhnarreli@ﬁtp@tn asufllee (step
restg ? data If the decoding is not conplete for

t he en ety of transmi ssion unit such as a slice

tep ST13}¢ del . det t
S otep STAfakdd noMd i o iy bELBEdGLEr BT contirnea
f 95 mad | t
pecToarst sepriedy wala s 50t ey oh SeRiPBEy series

accopdtnertm &8¢ ifiéqt byebRe "B:—‘I‘ﬁarloiafiérﬁsni'ﬁi'eon the
of conpressed video data in transmssion units such

as sprecess hedentsiftedenses ashess £8¢ IPehErAting the

flag and the initial register value 34 attached

thaﬁi%baﬁﬂiltﬂmﬂnErOdéumfﬂegpueMxnmAnm;wmetMﬂbsequent
i ster value indicating the arithnetic coding

roﬁ%ﬁ F§%%%e?r&'F%F QQQngﬂRFya ize¢engd time (steps

pos er wi thout |osing the 35

conts%%ftg%t}fpl g&%ﬂr ﬁﬁ&g%b codi ng process. The

codi ng ef figi y i nt ile th reS|I| ce

to transm&sfgligﬁger‘)r%]fggl %fn%r%\/elaes‘:ore& contirmed by
successfully matching it with the binary series

pattern defined by the binarization rule, the data

15 indicated by the matching pattern are output as the

restored data. If the decoding is not complete.for
the entirety of transmission unit such as a slice
(step ST13), the context model determination

process of step ST1 and the subsequent processes

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

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

possible to perform coding without losing the




Decodi ng of resultant codes is also possible. 5 1n the

first enbodinment, a slice structure is assuned as a

transm ssion unit. Alternatively, §he present

invention is equally applicable to a configuration in

which a video frame is a transmssion unit. 10 Second
embod?eRAL NANL Byt erfnat hee awdt hgwwitorddihfe process. The
arithnmetic coding unit 6 and the arithnetic decoding

uni t A iBgc HUE i itene e isecnad nendbdiedent whiillle nolve

be 15 described. |In the second enbodi ment, not only

t he rr%@’ritlgr“q/% te iteprpsmIYysied sesrersHfia improved.
code . [.Q e _arit ti.c codi ng process but al so

t he qgéh%éﬁ§p$gaFﬁ%ﬁi AL \SPASS ohSoRr FBbRessihle.
gstimate ig.a t ext del .is.nultiplexed jnto the 20 .
slicermadgﬂ é gﬁﬁ%@ %m?%gﬁm%ﬁfoc&n%iﬁﬁ%rﬁFructure is
probakidddiggoener at | hti 530 ; Yni :

the probability o? ‘ggghurk‘%‘fgt%gg@%éﬁeg:}ﬁlgrnf}\]gggﬁtn%stlvely, the
exanpires ent el venta ot 0158 dgubllay i &pp1 SERBIE™Y 2

in order to inprove the arithnetic Z5 coding

ef fi épafchgasathionk i@ whiehwii odduot Feame@t L@n a

vector for block B above block Cis exploited to

det et FPRSBi§Edion i wpidf. probability estinmate.

1@ccordingly, if block C and block B are located in

1

i fference slices, the information on 30 bl ock B

sho revented from being used to 36 determn ne
the%‘?%gg’bqol‘lg?)go 1BBBor rence. This neans that the

Comr@,e“ﬂ&i?ﬂ%@fﬁaﬂfygrE%HEHGu%%%ggﬂMg¥ethgaarithmetic

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

5 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the

status of learning of a variation of probability

estimate in a context model is multiplexed into the

20 slice header. The status of learning occurs in the
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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




1

occurrence is adaptively determ ned using a context 5
nodel . Accordingly, the second enbodi nent provides a

nmet hod and an apparatus for inprogsng the

adaptability of the design. The coding efficiency

with which the transmssion unit is coded is 10
adapfPEE¥mipst roh ¢ep raleabibtt yhe 51 oceutrr shicee.

i nt erdependence in respect of arithnetic coding is be

di sregar dedDd§t DERPF PAS e gosl tage afhbioiamey is
probapi | i of, loss,of slice data due to transm ssion
mwo?gh%g%QtF&nﬁyd?&k%ﬁdwﬂ%¥%lF&ﬁ Rrobahbjildey of

i nt ' rded in a .case where

the o onam Thee ot | 80 Be L BRI Fard fui ARl ioing a context
85 shewe1an internal construction of the arithnetic

coding unit 6 according to the second 20 enbodi nent.

A di f f er ermecbeidieegliyhe €hkt e b a qcasl Uk h 6 -
according to the se?:‘ogg enbodi nment ﬁgnﬁﬁgdlg??%ﬁn&f%w'des a
codimgitheid #ndhaun appleirs tbsadwr diiprée iy thiest

enbodi ment is that the probability 25 generation unit

30 fdapéad il iyt exf tbdeldesdigrs. The ocbding efficienc
mul tiplexed jnto a slice header to the transm ssion '
uni Y eReMNIoh the Bramsmissdar amibwikaoded is

how ocess ., pecforped by the arithnetic, )
%od%m %m%%g%fcﬂﬂfPoéé _sg#%/$hpmnﬁpg“§y1ce-to—sllce
apprigs & ' e. f.r he flowhart. Fi.g. 6 ) )
accaﬁﬁnghﬁ?%%égﬂa%tlkegﬁé?ﬁgﬁ ? ﬁﬁ&gﬁmgé%ﬁt&adlng 18
mdgle Sd8b¥eg¥®riBd but fully exploited in a case where
the probability of loss of slice data due to

transmission errors is extremely low and the slice-

15 to-slice interdependence may be disregarded in a

case where the probability of loss of slice data is

high.
Fig. 15 shows an internal construction of the

arithmetic coding unit 6 according to the second

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

Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit 6 of Fig.

15.




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 occurs3in the probability
generation unit 30 as it updates the variation of

probability estimate, in a context nodel, is ,

mul ti pl exe®? ntBM&Eiarpdy hanpared hablle 10 feasdesnce from the

_ constfrl%jzﬁr&lq Oé:%_star, (step ST9) in the transm ssion
[

uni t “gener ation - 1 §r 2¢eRTG IR he ot headerrs or
the asdod § At S$i0 It, in asimlar
confimn%t?gwew ?hgﬁQégs%&B o hamastedr stiatus 39 that

t he browearysafid WEk | 5_process,.of _.step ST4. .

;ﬁg é?illustmﬂes %éﬁg%g%:%%dg&q%agm%mf°§tQﬁﬁﬁratlng
detbei probabil i Girencey ni Bg he .
cont ext nodel | earni gg status u3%P§gI'Eﬁé8 ?l‘gg.opfﬂ.%ofo each bin,

Fig.14®-sHohe demcpintprethhere ave thi et dec@bsM in the
t

nacroblgcks,in a kth transm ssion unit. A contex
noddt = 2PRRALA o gedrr@t Sodefimbd B0 agaGh updates the

nac&g%#gg&zand the probability in ctx varies

macr obl 08K 1?2 n&dr AFebrbDEithe eshtiimatendel st ebutext

39 ip4eherifed fr.am transmission unit to the next

transrrd{ sgi'oniﬁnf['tu.lotl’lﬂig"ﬁ'e%néq%t.tilﬁ’e glhele steaader in the

lmtxh@hdérhgoﬁg%réggég ansmission unit is nade to be
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equal to the 1niti B BroFe8s (6%9R &7%h in the
trabmﬁmﬁh@%éﬁbﬂnﬁhif-ﬁeﬁ@ﬁg%ﬁi@?é@f% ?gﬁégﬁgge

occurrence of 38 0, 1 i ctX :

to Bensgunhcttuingha piokakiyd i ¥rPGhd cucrence,of .

0, 1in ctxk(n-1). Thetranyﬁssimwuﬂhg%eﬁéﬁﬁq%ﬁ551°n

uni¥P3%, in a similar configuration as the register
value that occurs in the binary arithmetic coding
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.
Fig. 17 shows 4 case where there are a total
©f n macroblocks in a kth transmission unit. A
context model ctx used only once is defined for
each macroblock and the probability in ctx varies
macroblock to macroblock.
The context model status 39 is inherited from
@ transmission unit to the next transmission unit.
'This means that the final status ctx"(n-1) for the
kth transmission unit is made to be equal to the

lnitial status of ctx in the k+1lth transmission

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




transmts data indicating the status of ctxk(n-1) 5 in

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

illustrates a bit stream generated3®y the arithnetic

coding unit 6 according to the second enbodinent. In

the sgcond .enbodi gept, the slice header for 10 the
comneésgdgﬂfggxyi&ﬁ'&ﬁﬁphmidniom&nmade to be equal to

i ndi aa & NG 16 ts nmodel _status of the preceding

slice attgchedatﬁg'grle , PP RdPl ArEgraercs iak 0, 1 in

st ar ctotien~tihe, refies t . flag and, the initial )

regi ster val u2 accord:;%a[]%iﬁhse;h%?lstuﬂéterﬂﬁ)@?ﬁ@rﬁlon unit 35

showtxianFmg.t sl0dak’ apnaliled Phigv nf ation. of
t he second enbodi nent, the regﬁ§t3?9§e§é$¥¢F§g°H%y°txk(n-l)

i%ml&ﬂq%he hﬁ#darimfoﬁmdﬁﬁhgtﬁrfigﬁ@ﬁggsggﬁﬂunit

status is ngltbfaﬁx%ﬂbor not, in addition to an *

i ndi cati ont &9 -2 dtlheustthea t @kt izal b 1 €0ist £6 a3 Wl b

mJIt'RI exed, or not. A flag other than the regi stdejfn Tated by
rese FI&fﬁﬁ;mQ§@PCQQﬂmn@ﬂunithécmnbuﬁdﬂﬁqato the

st atys.i i pl exed or not. 25 Fig. 18 shows the
slice ﬁlé’z‘ e?glggtdgha'ﬁﬁnﬁwe conpressed vi deo slice data

bei ng nul t3pl ' he sane.bit stream
Al te?nativie y?)f%g %gkg& rFB‘i’c?n;?-ﬁe%'thﬁ slice header for

ienbatheroomp heseldge r ta be carrjed in a
separ ate bi tIs st rsearr(:i:f‘c;)rlr1 oﬁl Fgg%%nﬁ%%npgﬁ o fpgmation

t he iguhpeassiatg dethe "8y et 3okl | 2 t gegaoth%
information referring to the corresponding-slicte
hea@deYaddngi gl itd shown chedn K 82k tONS UL 4§99
t he '
the slice start code,

en to
the register reset flag and

the initial register value according to the first

15 embodiment shown in Fig. 10.
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In an alternative configuration of the second

embodiment, the register reset flag may include an

indication of whether the context model status is

nultiplexed or not, in addition to an indication of

whether the initial register value is multiplexed
or not.

A flag other than the register reset flag may
indicate whether the context model status is

multiplexed or not.

Fig. 18 shows the slice header data and the
Compressed video slice data being multiplexed into
lthe 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




arithnetic 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 23%%according to the
first enmbodi nrent shown in Fig. 13 is that the

transnggsi n nib decoding initialization unit 37 10

of t e FF?‘rﬁfitF %%B&irﬂgDuﬁir&f%ma&muin@efsxth to the
eco ' t. delivyers the context nodel status

29 fo%%’teﬁg%%rﬁﬁgil&t%l? dwﬂe%eEFﬁgC?%Fi é@‘hﬁl'ti pl exed

into the h r tg t bahi I enefation unit 30

;2 t hat thgalg'iht élg"t %88’{503%2% dﬂs‘i‘i rFPe‘Hsf‘Jcé"-‘rci%th of the

t he hmﬁﬁhﬁ@ﬂﬁbpﬁ%ﬁﬁaﬂﬁjﬂﬁﬁitFi?'é%%&?ﬁ?ng to the second

fl omchart showi ng a process perforne
&rit bnto dineapell NQ Wi ¥ f2r Ohcll betwkenAtdidf ;
between the flowhart of Fig. 20 20 and ?hgﬁiéfskﬁgﬁ%HEtlc
14 idecwed inign waip 87 ctardingstbsyH® B¥dond embodiment
decoding initialization, the context nodel status 39
rest®Ped ¥R emait bmiedel chebeize diinguumiit t @ 7t héccording to
proceﬁs giistep ST3 for generating the probability of
occutr REndet bF to/ambed immeBsc e hPWMhyinestgind 3 oithechat the
contg§é model, .deternmined. in step ST|. The context
moder © 8RFMLS 8§40 PPkt t desaPings inigdmldgation unit 37
1 @enejatethe, pr Ll.ity.of occurrence of 0/1 in the
o o e 25 AR d VP oG, YR e fussidoring to the
Contghxd o fed i .ar carryjng of the
contmdonomaﬁgﬁafééﬁ?T#élﬁﬁ?%g %hﬁqu%tﬁ&£K%QEEI status

22n?§§[ﬂﬁnﬁﬂe‘f‘?égﬁg‘b‘?ﬁf‘ﬁgﬁﬁweﬁg@m“lgt N$ie¥Sultiplexed
into the header to the probability generation unit
30 so that the context model status is inherited
15 from the immediately preceding slice.
Fig. 20 is a flowchart showing a process
perfprmed by the‘arithmetic decoding unit 27 of Figqg.
19.
A.difference between the flowchart of Fig. 20
20 and that of Fig. 14 is that, in step ST10 for
transm;ssicn‘unit decoding initialization, ;he'
context model status 39 restored from the slice
header is putput to the process of step.ST3 for
generating the‘probability of occurrence of 0/1 for
25 each bin by referring to the context model
determined in step ST1. The context model status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probabilitj‘c

generation unit 30.

30 If the number of context ﬁodels is extremely




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

Iargi ortion in the entire coding volune so that the
10 s ét’{)%ermf%ryﬁ-ﬁ@i?gd the crdteesdntmadedpdstatus in the

only.1the type of cantext .model for which the status

is iﬁ%éi?f%eé%&@ese T PG SE it | QY exdhteadnCRws Brt by slice
st r eg@a%e-hat ey tiat u b el ective 4

i nherited fm‘i%£oFﬁ£§ égggkt8%§hﬁ§%l§QéééﬁﬂE@°3ﬁdlng
the bgeali£oedint 0OBoaE i BAGU Snl Ro VEHEO &N i
descri bed, according to %he _secgn?fo e%‘ﬂ%dicnﬁtl?%fsoér)f%riClency
br ansays b ensef] eotpdessed Aot hdat fskb d { FRSH Sﬁ?t%us is
units, the slice header data 20 has the register flag,

t he PAltiiplexgidtier value 34 and the context nodel

status information attached thereto, the initia

regi ster ffag ewangd#.i ngothicr hevedrorayishdr oxthegonal

indhgatin t he aritggetip codi hg process is reset or
not , ARG SR PhEXDRELA L EBEcd At at dePEPGEME | 8n Large

| S A o B G BT TEE, SREbRE TEpYunG P9 that the
oo E F e B RALEREU UL PR Winpre modens
codioglelfimheneydes 8¢ WbAtdNedmodil erb® which the
resilience to transmssion 41 errors iIs |nprove&.q|1
the ssexbue ebodinipat ited!may BéUeRPPitItPPSMBL iplexed
as a transmission unit. Alternatively, the -
into a bit stream so that the status may be
selectively inherited for important context models
15 depending on the local condition that occurs in
video.

As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data

20 has the register flag, the initial register value
34 and the context model status information |
attached thereto, the initial register flag
designating whether the register value indicating
the arithmetic coding process is reset or not, and

25 the context model status information indicating the
context model status of the immediately preceding
slice. Accordingly, it is possible to perform
coding without lesing the continuity of the
arithmetic coding process. The coding efficiency is

30 maintained, while the resilience to transmission




1

present invention is equally applicable to a 5

configuration in which a video frane is a

transm ssion unit. In the second bodi nent,

information indicating the context nodel status of

the immediately preceding slice is attached to a 10

curr EFrHeRdds Imprsfoved. referring to Fig. 8, even

when bl ock_C and bl ock B i medi ately preceding bl ock

C are | ocat8d thedisrger et enbediment calisgice structure is
effigj I,S i nproyed thrqugh, probability adaptation

usi n%bggﬁt{%% bRl STARSBAADTI PG hE. Polesamsxtively, the

node f i p_determning the .
probggiéltsﬁﬁéf g’rmg ggé% 5Ilﬁe ec%‘&ﬁ&%f???ﬁe’rﬁ?"\kq hto a
Bhi cho hiFg | S8 it 0 ' ivel
controlle \iﬁ%ﬁt"%%ﬁt q't :ﬂ% ng%ogg'lq%%é ?}aa%e 18 a

i nt etdepemdtcssd drs @atitdi sregarded but the context 20
nodel status for the imediately preceding slice is
fully explimttdhe nseceasd wheyed Lhe X pbakitdinatiion

| oss, of ;slide data due to transm ssion errors is

ext PRl fatohngTHh e oot eridalodeadt ust hemd héf the

innediatSLy_greceding slice is not used and the 25
sl i EMo9didtelyntR¥ aepdiracs i kcai sregattet-hadato a

t babi |j ty of | f slice data i
T el aRe P o S paitn symisr saown to Fig. o,
Fi di has, been. descr.i bed 30
neoamery YRGB £ A Chadiho B BBt edy breceding

bR s 498 duaatad ool BEALRLACPESSRILES che coning

slice is attached i n each s neads (
theefdgicienceses fimgrafded NeHrbdgd grObFI1ity

adaptation using context models, by exploiting the

15 context model status of block B in determining the

20
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probability for block C. The codihg efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
model status for the immediately preceding slice is
fully exploited in a case 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
slice-to-~slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

Referring to the bit stream syntax shown in
Fig. 18, the second embodiment has been described

assuming that information indicating the context




val ue according to the first enbodinent. 5
Alternatively, the register reset flag and the
initial register value according #@ the first
enbodi nent may be omtted so that only the

i nfoppddon indi cating the context nodel status for
dat a ﬁ?éﬁeSt%%a att& ﬁﬁ&&aﬂ%gtﬂﬁcémmedﬁaaemyiﬂQeceding

in egghcdi ternatively, the context

nodel st at ugsr gﬁgﬁf‘a’% (SBe SN Bdiemyhieaderovirdedddition
i rrespeethia/erafy et ber. regi ster reset flag and

the initial fegﬁneégvﬁééggcg%%gnaqi thﬁa¥$i§ﬂal register

eMxMath:&ueomdm@geQO39h5m¥%§gg¥é§£¥Gghéﬂg.

context nodel status reset flag

conthekt empddt i vedtws theofefesate i pf @yt i gn
indicat]ng_the cqtrﬁjext nodel gst at%g ?(;%rSéga?&r%aé] ?Hé“ the
i medt bt dRY pregdditershiadmes aaideelathg f0b YSfel Birst
decgﬁﬁ1a.20 Third enmbodi ment A disclosure will nomﬁbe

gi ven of (e hi RAY ehBoeimiht edn i that a6aTESERR

uni structed according to a data
parﬁt€§£?ﬁ§ o Fﬁ%ﬂﬁchgﬁxﬂ%gt@xa.mbdel status for

gr ogped agsordj ng. .data type. The exanple
. expl ai nedi:%elrtgivé]i %h&ai%ﬁa%reglrﬁ B‘Eﬁﬁ%@l&%fﬂlﬁlarﬁ)eis&attached
ORevini @ach sYVHE&EL1, .deo codi ng schene
di scussed in Joicﬁ‘éL @ie}e%g%éa%%tefmlgie %0 Fhe weatext
andeedET 8£EGu sTheedenf t fi%gt g -é&'eosﬁfﬁgsrzgﬁ YEI%S} 'ahe
C 0 i

itenms of a specific type as re are

a H¥R¥isgdciareapesinive oFf RvHethef’ §HY O :
The.yesultant data unit is W %¥RGYster reset
49 and the initial register value according to

the first embodiment are provided, so that only

15 when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for

data in the immediately preceding slice is attached

for use in decoding.

20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25

in which coding data are grouped according to a
data type.

The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-B118r3 for
@ video coding scheme discussed in Joint Video Team

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




transmtted in the formof slice data. The slice 5
data (data unit) constructed by grouping is of one of
data types 0-7 such as those show#Xel ow, for

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

10 1 T'gg}g%HEADER macr obl ock header information
(codi ng node T5hf BF ndtd B¥) 9A by tews nothi an spetot £ 3¢ type as

TYPE +@RR- £BB A r opal transform

coefficient patteré‘i‘oﬂ:’ﬁﬁg&ﬁglbﬁk)& 18l iceyrEtpe2iire as shown
ort hagorel gt r ansf o at a

TYPE_ COEFF Y orthogglngole{)[]?ns or (?oezf?f(iblllé%ﬂntdﬁ%ta unit is

2) SIEYREmiCERRE :
05 data (5) -+ TipE Pou Leceetn {STMPIER {4t He s1ice

Pnf ofl Ak ohdaEar wxaeyl odsYiet e a
TYPE %ND is transmtted as slice daIdac@% ﬁﬁmﬁpif‘@ kS of one

col | Btt H@ e ﬁﬁ@ﬁ&mﬂhﬂwwnchomsnﬁgbgglgﬁdﬁﬁngefgw for
ther Sre macrobl ocks fitting into a slice.

Accorﬁ I “when the k+lth slice of a type TYPE_ M/D

IS subject to decoding following the kth slice of a

type TYPE MWD, only the context nodel 30 status for

ot igonpy pet urring at_the end of 44 the kth
slice shogéyé?ﬂg tprg i FaRéadst sdfiaeeheader

16+ 0h TYPEE MIDTEX DG '8 LY oL, Toinal
al | ow t he context node eéﬁ%ﬁ %ﬂ ?ageqo;nformatlon
ari {ieestingcabde Qfn F@Fhat 3 8ﬁ5°r5t"be 5 inherited.
2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform
coefficient pattern in macroblock)
15 4 TYPE 2x2DC orthogonal transform coefficient data
(1)
5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)

6 TYPE_COEFF_C orthogonal transform coefficient
20 data (3)

7 TYPE_EOS end of stream identification information

For example, a slice of data type 2 or

TYPE_MVD is transmitted as slice data in which are

25 collected as many motion vector information items
as there are macroblocks fitting into a slice.
Accordingly, when the k+1th slice of a type
TYPE_MVD is subject to decoding following the kth
slice of a type TYPE_MVD, only the context model
30

status for motion vectors occurring at the end of




Fig. 21 shows an exanple of bit stream generated by

the arithnetic coding unit 6 according to the third

embodi ment. Referring to Fig. 21, 4%hen notion vectors

are collected to construct slice 10 data of a data

type ¢her - the slice header  has attached

thereto a sl\(f?éyg?aertSIgSHGI,&ab&aFHJlF}BQQ’Eﬁd into a header
desi gttt g KPR WL, 0 model . status reset ]
flm;andinfonnuygg%fﬁgcgéﬁéyﬁﬁg EB8 SIPFod{D data, in

stat oxrder mot iHDIVRCHORE QRCSAE ERD iRt .
i medi ately preceding siice. V&g#{onrﬂédg?'t hi(;%%ﬁé’llng status

tran§Par mréehmet dot colatiad %th&ﬁahaﬁg@@o%sorto be
ﬁYPE COEFF_Y are collected to construct slice data,
he $PH&X hegder has attached thereto a slice start
code, a data 20 tgpe I D designating TYPE _COEFF_Y, a
cont ext noUed+ <4 t§§Q%§eﬁﬂIegampﬂénbﬁﬂhﬁtoetream
I ndi i he ,context nodel status for orthogona
trmw?%F%%%%gfﬂﬁﬁﬁﬁFcﬁﬁét&ﬂﬁﬁipn§¢®lnneunit 6 according
I Meglh ag gl secedi slice. 25 Fig. 21 shows the
slice hea ertgg'?;aea%lggﬂ#elmg%T RedeuiaghdingFig. 21, when
mul tmept e¥ed ¢ 8L o j m_ Alternatively, _
G2 Soh1 Gt RAT ) Snakaee s1ice

the slice header dat car

10it dataamf ;i ahfld ney ple aﬂsﬁirsifﬁﬁ:a%ﬁhetllﬁ slice header

conpressed data may havé 30 attached therefo

i nf rafat abk acdiedr itlgeretidiead’s 1 £OET @PPHI RY FLi CQ data
header data. Referring to Fig. 15, the arithnetic’

codtAPe uhPt deaiomati hgat TYRE_ MWD enhosh it i fodel
inp%& nted such that the transmssion unit 5

gen8rati'oh Ffige8s5idct@namdicin firammablionk iintiddating the

qontext model status for motion vectors occurring

15 in the immediately preceding slice.
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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
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a slice in accordance with the data partitioning rule
descri bed above, so that the ID information

desi gnating the data type and the ¥ontext node

| earni ng status corresponding to the data type are 10

col |l e ' hee d . Referring to Fig. 19, the

arit hnelfig'ébg’ec’%%?ﬁé’ aﬁlﬁ%‘t"*ﬁ’%ﬁé&ﬁﬂi‘ﬁat@o the third

enbodi ment Riesf e | I@m@e such.that, . for_ arithnetic .
decodi ng, a c%}r%?gft m)%le?“t 'bétsdsefjhles et thfisedCpyroding

al | owiniig: 16 tleecd FaRHY SEHO0R B § d| ; .
initialization unit ? to noti fyht elg@cg%e?(?l%ad& 18
det etRbdamented t sudh of hahe ©hea tyPRshl 988 binP! Fxed

i.knto the slice header, and the context nodel [earning

3t at ¥ENEF 3 S iomhen ited Bcresw botndsc 5 Hdcesblbck data in
allq¥ﬁng.the 20 transm ssion decoding initialization

uni t° 3708 € ndfi ACFREARARBELWI LY ddrerdaiten partt Bioning
of t c xt..nodel learning status. As has been

demﬁ? gdﬁ%ﬁ%%ﬁﬁ%@ ?EQW%'tﬁthhQMK@hﬁemD anfickemation
Si gRPd s L 5 n4d} RGt 23 .gonpressi on codi ng by bein

di vi ded §MC)i?%aéﬁ#séﬁ%#ﬁﬁﬁﬁ?g?B&xﬁch&ﬂwFﬁg gnodel

pr ededz®r A4 Sehd JYPeS. i deo signal . bel ongi ng

to the tragg'n' ssi on unlst%ﬁ%gggﬁchg@f:’l g%ﬁ’l §'/hceoo‘g‘a%§uctl'ﬂ¥l-"e are
& harododecg ed tantsInied 3k grL.0ss bounds of

transm ssion uni(s by inheriting, 46 instead of _
resaﬁlngRQﬂﬁmsyMgﬂtocmﬂgenqg,ptﬁ@ﬂﬁkiEhﬁgéﬁ@r@ecoding
status fromthe earlier transmssion unit also

gr oifed atéoARP@rad ndiet odat et Wiri racembbadent is

hi g ree of error 5 resilience is ensured and the
(KM?%@%%W?E%ﬁinHFh that, for arithmetic decoding, a

context model to be used is determined by allowing

15 the transmission unit decoding initialization unit
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37 to notify the context model determinatién unit
28 of the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the
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
compression coding by being divided into
transmission units grouped according to
Predetermined data types. The video signal
belonging to the transmission unit is
arithmetically coded such that coding is continued

across bounds of transmission units by inheriting,
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arithnmetic coding is inproved in a configuration in

whi ch data are grouped according to predeterm ned

data types. Wiile the third enbodiggent assunes that

slice 10 structures are organi zed according to a data

type,. as a_transm ssion unit, video frames may al so be

or gatiFtuea8c A Hi Fg st hingta thpe.symbblle exenprevEe

bi t ntax according to the third enbodi nent

sho’wﬁtr:rc’ni EI;—ElE é)ili"ly i?ai%niggas%%%@ﬁ hbrorhe heaear bier
slicer@y a3 giyen . data type has attached thereto
eaconteﬂéﬁ%ggf%gté$&§r%g&9fgﬁﬁqﬂﬁdiﬁﬂﬁQ@@iﬁﬁ to the

i ndi datian:yBe . OBk statys. of data in the

i mredi at el yﬁlprecedi %:Ids |gg&v6he MOIFI g&‘i%e%f pt error

Al t eraatiilviedyc e20i & Ned sy b jars £@NEQUT 241 s_the _.

bi t 'st[e?lg syntax according taoﬁ?hghgc%égqg}ioﬁ%%éﬁlency of
shovht LhhRiet i¢8 codbaghebsleimyrshiece PRt a THBnaj . .
gi ven data tyge may have attgf:l{wed thereto a co%?é’gturatlon in
modeéfiEh: At asare f gag upedi rioe seldioNg | 0 GtéAGtermined
theégqgtext nodel 25 status of data in the imedi ately
prefetrAgtdIRRE+ when the flag is off, in addition to

(e o0 SHAl LRty LR At e ATl g ST e entee
I 1o eaTsae A1 00 SO LI" AOTSUTLISN 0 0 ansa type
e ol e radfonpugon ngrld ce sy gb i e L0 )
Provi ded. 5 1 the fires S uan o ¥ At e B ment s,
vi deo In the example of bit stream syntax according

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

15 assumed that the header of slice data for a given

data type has attached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately

Preceding slice when the flag is off. Alternatively,

20 in a similar configuration as the bit stream syntax
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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 signalst¥or sill pictures,

digital signals for texts and nultinmedia 10 digital

si gn ] |ch these are njxed. In the first and
seco%f%ﬁ%o|r%n?é}?FsFﬁc@lwéY@\ﬂmtaﬁhmdemmnﬂes@:in

di gi e shg : .ssian unit. In the third )
enbomrmnt,%?'t?g%§§%§§&+Yﬁin ethRE e§he register
accordsgtt & 1394 ag Ly i ti.oni ag.for_callecting data
inaslice aﬁ%rdi ngp?ggaldg%ggylpe‘?e%'sgq%ﬁn YR are
exanpr@videder nati vely, an i nage (picture)

constructed from a plurality of slices, i.e. a video
Prama_naylbethgtfmrxmSthbwgthﬂhgdmgﬁgghiments’ video
inveption also finds 20 an application in a storage

syst ﬁFQr#§h9§Yﬁme§&aaetaxﬁmpm@tofia$g§@aqfgagnals_ The
traq$g%%siqg unit may be  constructed. | NDUSTRI AL

APPL THTy12y 98tALn pbenewsailyesppldigibae to digital

Si i ar gt.us according to the present
oen PEad £9e PP EEBT 4T andignatn Borasill

id ' [ Jn_which high d f
compRetet ey 180 SLER d NGMIEN Bol QL ed e o et imeasa

error resiliency 1s ensur C

OSN3, S A e

di gital signal decodi ng apparatus

decodi ng dn cohpr esb 8- G@d s Hal 4 l. ived .
in predetermned units comwising:ﬁgnéﬁggﬁﬁgéﬁgs’ a slice
decddi gL URIN 49r adecexdamp Sai d fCDgyeLEL giigw?i
siggal received in said predeterm néd units, erein
sai AT ASLEPHEF XPYi taliti gdal thecddeilridn ewboy iséeft, a

pre 1ned units with updating a
gggﬁg&lgglon unit, constructed according to data

15 partitioning for collecting data in a slice
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according to a data type, is given as an example.

Alternatively, an image (picture) constructed from
a4 plurality of slices, i.e. a video frame, may be a
transmission unit. The present invention also finds
an application in a storage system. In this case, a

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAIL APPLICABILITY

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

resiliency is ensured and the coding efficiency for

arithmetic coding is improved.




tabl e of probability of occurrence which is assigned
for each codi ng synbol, and wherein said arithnetic
decoding unit initializes a decoding process when
decodi ng of signal in said predeterm ned units is
started, based on informatioggof initializing said
table of probability of occurrence which is
mul ti pl exed on a header of data for said predeterm ned
units and information of initializing a register val ue
whi ch shows the arithnmetic decoding process. 2. A
di_gital signal coding nethod for nmeking a conpression
ng of a digital signal, conprising:

1. A digital signal decoding apparatus for receiving and decoding a
compression-coded digital signal received in predetermined units comprising:

an arithmetic decoding unit for decoding said compressed digital signal received in said
predetermined units, wherein

said received digital signal is coded in every said predetermined units with updating a
table of probability of occurrence which is assigned for each coding symbol, and wherein
said arithmetic decoding unit initializes a decoding process when decoding of signal in
said predetermined units is started, based on information of initializing said table of
probability of occurrence which is multiplexed on a header of data for said predetermined
units and information of initializing a register value which shows the arithmetic decoding

process.

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

signal, comprising:




