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single 2 codeword
apparatus, a dlgltal 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 used 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, howéver, guaranteed when a
signal such as a video signal exhibits localized
variation so that the probability of appearance of
information symbols varies.

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

representing a piurality of symbols as a single



The concept behind arithnetic coding will be outlined
by referring to Mark Nel son, "Arithnmetic Coding +
Statistical Mdeling = Data ConpPession 5 Part 1 -
Arithnetic Codi ng", Dr. Dobb's Journal, February.
1991. i s, assumed that an information source
ger%cf%?ggliqlf or mation synbol's conprising al phabets
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process. First, the letter "B" is coded. This is done
i nRelernamy ol 98dent Ityilmy assamed that an3)infommation
probability Iine for that character. Therefore, the
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is a process successi ding rages on

prebhaltatterds ngs Rp@eanidw hBe gHogAsSId OFilghe 1. As
characters, the result of arithnetic coding of "BILL

GAiBg'i¢at2@ repr asemd 2dmas ARRNGE 4l odf "I€)1§572Ilﬁ7i!’52."tions
of a 3 segment after the coding of the letter "S" is

of a probability line defined by a segment [0, 1)

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

To code "I" subsequently, the range [0.2, 0.3)

identified in the process of coding "B" is regarded

as a new segment [0, 1) so that a sub-segment [0.5,

25 0.6) is identified therein. The process of

arithmetic coding is a process of successively
bounding rages on the probability line.

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

represented as a Low value "0,2572167752" of a
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conpl eted.. A decodi ng process is an inverse of the
coding process. 5 First, the coding result
"0.2572167752" is examned to deferm ne a range on
the probability line in which the result lies and
determne a character assigned to the range. In this

caggni@nt’ eff s "Bhe lWodieifabirerchkhg doWervatge jg
for "B" is subtracted fromthe result and the

resdmphétesd ue is divided by the magnitude of the

range of "B", producing "0.572167752". This enabl es

us to redtslecodingoprspesd nijst @an hénvezneet H. She coding
0.6).The 15 process is repeated until "BILL GATES" is

r eBESYERS Shy decoding. By performing an arithnetic

codi ng as, described above, a nessage of extr

length CBHEE Ehe thBpE@Ig £3FRdTe C00d®/d1aH752" is
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cogeweigk &eprEesent ati on, registers of an integer

type. The Low value is approximted by a power of 2

so that Thktrigh Eeair pnthe andwdiwa v foe rephaded by
shift operations. 30 ldeally, arithnetic coding
actwbinarted htramovehe result and the resultant value
is divided by the magnitudé'of the range of "B”,
pfoducing “0.572167752". This enables us to restore
wlw correspénding 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. Mbreover;
multiplication and division are necessary for
coding énd decoding so that héavy computational
load is imposed. These problems are addressed bj_

. floating-point decimal computation using, for
codeword representation, registers of an integer
type. The : _ | Low value is
approximated by é power df 2 so théﬁ'mﬁltipliqation
and division are replaced by shift operations.

Ideally, arithmetic coding according to the above-

i3



descri bed process enabl es entropy codi ng adapted to

the probability of occurrence of information synbols.

More specifically, when the prob&bility of occurrence

varies dynam cally, the coding 5 efficiency higher
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occurring 1 n ropy- coded video signal due to

tr aRed S8 ep{ons: a bdffgreeheodi piakdso hndind dupldating the
codi ng synbols “into codewords of an integer bit
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defined as a group 20 of codewords. In arithnetic .

codi ng, Sovmwer the dpgditalcedegnal apitdmetyic coding
suspendi ng a coding process is required. In additiqﬂ%

f ometdiafpEng digibalngrikdnsbtesdasodddii hgthnd
probabi li.ty of occurrence of .earlier symbols shoul d

be AGRRF 4R st o5 HHE oFEAR LEA & 5ty 26X ApPPdhagiss as
coge, ;@ I es th [ I Bl Ry : ;
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rocess 1s not reset while coding a video frane

an&ﬁséﬂnthJﬂﬂﬂatflaént q fer dewiadgsl ent MBEGH 2 usiltive

SuZtructure) in order to minimize degradation
occurring in an entropy-coded video signal due to
transmission errors.

Huffman coding maps individual coding symbols
into codewords of an integer bit length so that
transmission unit is immediately defined as a group
of codewords. In arithmetic coding, however, a
special code for explicitly suspending a coding
process is required. In addition, for resumption of
coding, the process of learning the probability of
occurrence of earlier symbols should be reset so as
to output bits for establishing a code. As a result,
the coding efficiency may suffer prior to and
subsequent to the suspension. Another problem to be
addressed is that, when an arithmetic coding
process is not reset while coding a video frame and

the frame has to be divided into small units such
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as packet data for transm ssion, decoding of a packet
cannot take place wthout the imediately preceding

packet data so that significant ®&dverse effects on

video quality result when a transmssion 5 error or a
packet | oss due to a delay occurs. The present

i naentpaokaddréssas fhesé maobhdes iand Hecading of a

obj ective of providing a digital signal coding .
appacket sanmod fiake silgae wdhgutettbe idpadietely
of ensuri ng‘ a high degree of er 10- .. resil.ienc %rédverse
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by inheriting, -instead of resetting, the arithnetic

codin?y a8t uh fobjeitiee dfapyowhddngnatdiogithd signal
synbol probability 20 |earning status. D SCLOSURE OF
THEOlAMENT a@Y A naticcor dadcea witilg it all gistignalgreeding method
coding apparatus and a digital signal coding nmethod
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artitionedq into units i s conpr.essed_hy. . o )

Fﬁggémqrﬁf%ﬁCLBncy of

arithmetic,codi ng.status, occurring when a
t r & Ig?gﬂ‘cun?adﬁ'&g been coded, may be 30
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transmi ssionunit. Alternatively, a probability of :
of providing a digital signal decoding apparatus
and a digital signal decoding method capable of
proper decoding in a situation where the coding
apparatus continues coding across bounds of
transmission units, by inheriting, instead of
resetting, the arithmetic coding status for earlier

transmission units or the symbol probability

learning status.

DISCLOSURE OF THE INVENTION

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

multiplexed into data constituting a subseguent
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occurrence of coding synbols may be determ ned, based

on dependence of the digital signal coded on the

signal included in one or a plurglity of 5 adjacent

transm ssion units, the probability of occurrence my

be | earned by counting a frequency of occurrence of

cottiran syilsa soandin bt or it ernatpredont iagprobability of
probability learning status, occurring when a given

tr assH ssearendt eodbogh apmbedesi, mayy e determined,

mul ti pl exed into data constituting . a ,subsequent

tr BRERIsPIn d@pendgege RS, tie jd1gdda b gxgnal coded on
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di gift A csudndecedt ngodidh grpym d3santh@ dirféemation

si gnal decoding nethod according to the present

i nrempir @send egodi nur o pradee € tiyayl ea riniin g alsitzetlushen
decoding of a transmssion unit is started, based on

i negcvtr dng mhenplaxgdvien otyansmasstiiant vt thhas been
transm ssion 25 unit and representing an arithnetic ;
cofPAF It allgy bg marhEdpieyedy inbasiateycoansiifgiting a
occurrence P;;QQ in decodhqg the transm ssion unit my

t. In accordance wt

beSUPHTAYF DAGT RLE S 8P%¥tranmﬁssim1unit -
s st arﬁg‘ii.’ht Pl?ﬁ?.l ﬁgn%ﬁgf%ogr gﬁb's%niﬂlet gy eéggxdi fh8e coding

data 30 cons sSmsSion unit a

reRESHHY | BBund & SWTPRL 2 58 Pn PLREAD | b inheriting,

| earni ng status,
instead of resetting, the earlier arithmetic coding
status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result.

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

started, based on information multiplexed into data

constituting the transmission unit and representing
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the conpressed digital signal received in the units

may be decoded, by determ ning a probability of

occurrence of restored synbols, based on dependence 5

of the digital signal decoded on the signal included

in one or a plurality of adjacent transm ssion units,

an@ Byhbalniogecure gnokalptobpbblitqunkeéagndng status,
frequency of the restored synbols. Wth this, proper .
dedd® ngomprRssed digiza os&qn&liaﬁqmeveénkn the units

codi_ ng apparatus contjinues . codi,ng, across bounds, of.
{r BASHi B! GPaRAed, Y ORff FmiHYLAGNS capopebifity of

e B B n ¥ Br, THE RE o BulhI1 By hafRa YA Bependence
I Y E

shos The SR EEer AR PR ot P e, B fupdl

chanacteieavhen anRhrégea Bibr@ATESy icf adjacent

arithmetically coded. 20 Filg. 2 shows an arithnetic ,
codrandmiglstivhean e, plumgebyBlléahlintg ithe probability

arithnetically coded. Fig. 3 shows a construction of

a bydemwendiingg appdfiregsemtiyi odl thgnalegbdneggl symbols.

apparatus) according to a first enbodi nent of the .

present Wikh nbBAS orPrPRET 4dSICRB 1A% ohEt PARFHRISG 1n a

a vi,deo decoding apparatus (digital signal decodjn

ApPATRAL OB MR HF Ry §be( RPFLRY WBHIEHE: Gy igues

sh .an_internal constructign,.of an_ .30 |t j

codbRg i BEE'TEs PPUARECO BN W arfPn gk Poh WIFEEE . by

ShowhR PEQRSSSCEnstead of resetting, the arithmetic
coding status for earlier transmission units or the

probability learning status.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the probability of occurrence of
individual characters when a phrase "BILL GATES" is
arithmetically coded.

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
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

arithmetic coding unit 6 of Fig. 3.
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performed by the arithnmetic coding unit 6 of Fig. 5.
Fig. 7 illustrates a concept of a context nodel. 5
Fig. 8 illustrates an exanpl e of 8context nodel for a
notion vector. Fig. 9 shows a slice structure. Fig. 10
shows an exanpl e of bit stream generated by the
anthneuﬂﬂ@edﬁu}%nﬁtﬁiOWCbﬂrt Bihpwingsipugcesses

anot her x%gg "of bit stream generated by the
ar iRGFELTIRDIPYy thet ax ithgietideskadinmotiit 6 of Fig. 5.

exanpl e b|t Str enger at ed b the rit

codi ng ufit9s. 7F|’glei‘!f§t%ﬁﬁ\§ arf"lﬁ 8r€t?u89’b1?19}‘t
of fye}d arithmetic decoding unit 27 of Fig. 4. Fig.
1471's a flowhart of processes performed by the

15'%f]éoiWE§t model

an internal” construction of the arit FERIC codi hg un

6 Faoord aptd boa saeebdr .20 enbodi nent of the present
invention. Fig. 16 is a flowhart show ng processes

perfor ned iby. t Be showbnet islded ngtumdtoref. Fig. 15.
Fig. 17 illustrates a context nodel |earning 25
status. Fiigd- 13 0sthewan asxarplagmpl ebiaf sbidastream
generated by. the arithnmetic coding unit, 6 according

t 0 IERLERESH eﬁbadwremrltﬂpl@etﬂg: sRERELRG MAddy nfir

o constructi.on o t h 30 arit tic deco Qg-o@lbi%z'st‘-re‘a'm* o

O according 1% t Ha gne nERemP

generated by the arithmetic coding unit 6,

Fig. 12 shows another example of bit stream
generated by the arithmetic coding unit 6.

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

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

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

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

Fig. 17 jillustrates a context model learning
status.

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

Fig. 19 shows an internal construction of the

arithmetic decoding unit 27 according to the second



Fig. 20 is a flowhart show ng processes perforned by
the arithnetic decoding unit 27 of Fig. 19. 5 Fig. 21
shows an exanple of bit stream @§enerated by the
arithnmetic coding unit 6 according to a third

enbodj nent of the present invention. BEST MODE FOR
cAre®PRd IMAN ¥HE | NVENTI ON - 10 11. Hereinafter,
details qf,the inventio

nwll be explained b
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I nyent. | 1t h.ref nce he attach dr aw_nas. .
F i SRR ok EhR AT AP e i n AR Ba e pAd 77 of Fig.
inyaption is presented using an exanple, disclosed in
D. Marpe et al. "Video Conpression using
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I nternational Conference on Inagé Processing 2001, in

whigen &0 atyed hbwt itth eodixigt hmeanpt i eddng winlke 6 according
codi ng schene where a square area of 16 x 16 pixels

(h&ei dattekr dr einroddmen isod neteolpe& g otlovedition.

by uniformy dividing a video frane is a coding wunit.

25 Fig. 3 shows a construction of a video:coding

roRHsct otk ShbB ARRYYEH oY CBRE INRRaEOR "

et o gl Ol R R B ETSRY, tgnion wit be

EPBLSKSE BT AUGLE 1 469 METh et WL 38 carrying

MbudN EREPENFRENYL R Wik KopelfdEbnce [ €BPARE attached
drawings.

First embodiment

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

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

unit 2 extracts a motion vector 5 for each of the

macroblocks of an input video signal 1, using a
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predi cted i mage 8 based on the notion vector 5

extracted by the notion estimation unit 2. A5

subtractor 51 determ nes a diffengnce between the

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

outputs the difference as an tenporal prediction
errgefegealcd. iRageat4 ab tpreddctiimna utfirtanidamesiery 3a. A
to the 10 input video signal 1 so as to generate a
spampdliopr cdimpeosarion sightl 71k dpstakiagsaa temporal
prediction fromspatially neighboring areas in a

gi vERed Hebed riRragen & obaspdoad ddier fialeiPon M@Ftor 5

e PSR RIS B BB ity o
(0 BPRARRSHE 3 SPEEE1L80 L R 0B W e
COTBABEY | 08489 kiina o1, WP PR OLE il o ana

ot @R piPES O e | 8 1i2F LA dabhar edBRpRI rRled£68Q% tion
error signal 9 has a null conponent, and an intra
nodertaor cedigngal hg. spatial prediction error signal

11. An orthogonal transformunit 15 subjects the

signal sekesStaatiadl guiedddyiohe woilltnd Odwdeefers to the
determ nation unit 12 to orthogonal transform so as
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ggg‘%?@%&'ﬂ?ﬂdgﬂa&jil%ﬁoﬁ%%tﬁctd%@éi:ﬁqqpi‘@ioﬁf WAL M2 selects
a mode capable of coding a target macroblock most
efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction errer signal 9, a
skip mode for a case where the motion vector 5 is
zero and the temporal prediction error signal 9 has
a null component, and an intra mode for coding the
spatial prediction error signal 11.

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

indicated by a quantization step parameter 23

determined by a coding controller 22.



fromthe quantization unit 16 with the granularity

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

i nverse orthogonal transform uni 2119 subjects the

ort hogonal transform coefficient data subjected to

I nverse quantization by the inverse quantization unit
18. A swidBhilfyvemiste 5Qued ez 8 tiigyn ounpit 1Be subjects

temporal predicted i mage 8 output fromthe notion 10"
ConpEREATORdni § £ AN AT By BE EcobPBtedia kagd Rooutput

;2‘2@#‘%5*22% ?!ﬁl%ﬁﬁ%%%?ﬂé%#?ﬂéﬂé‘h&#ﬁ%ﬁ’&%’é Epe1arity
53 e e Rutlt g ped tRaot &ekE pafalifEer 23. an

552iﬂvb%%émbEﬂhébgﬁalf£9@ﬁ§foFH“ﬁ%§ng§hgg cts the

unit 19 so as to génerate a ocal deco I mage

andbsthoeohsd tocahk)f o BRCednst Fiedee Rt idathesiyfBcted to
menory 3a as the reference inmage 4. 20 An arithnetic
codinyersie Guswitbteht boni by theaimeerdengghbaitization
nmotion vector 5, the coding node information 13, an

spdtiat pgréedi &t iSohihEdeing, umhiet B2t Fbgbeaits r pgf @atput the
coefficient. data 17 to enfropy coding, so as to ]
outIPPRI AN Ry &digted, imagss & andipusi Sroms tdre motion

.« 1088 RS a2l & ﬁg;rngaT[‘ﬁg%g;%‘ﬂg%om 26t¥d *fnage 20

controts conp

deloR{ i aet if’f‘oﬂniﬂhézﬁpoén@faiuﬂ%ééggﬂaﬂnhf%%gmgqga, in

the 1 nverse quantiza unit

confdguir dbinte SWAW NI th &/ | €64 1 ﬂ%ﬁ@iﬂagﬁﬁpﬁ‘ﬂ& 13
(digital signal decoding apparatus) according to the _
fi osttpwbodimemt tifetB@ding mode determination unit 12.
An adder 53 adds the output signal from the

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

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

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

30 Fig. 4 shows a configuration showing a video




present invention. Referring to Fig. 4, an arithnetic
coding unit 27 perfornms entropy decoding.5 so as to
restore paraneters including the notion vector 5, the
codi ng node information 13, the 1ggatial predi ction
node 14, the orthogonal coefficient data 17 and the

qu ' ' t tef. The_i.nver se .
qupredisl BB i Hidirance sl dgcoding

co LGl t : L he uartd zati S PR :

pa‘rsélé tgerﬁ%%g?egat%%g?}gﬁﬁghg&a??!t%ng?i%e%o |°ncélﬂlrﬁ?t of the
22Tpt@sieVer $& vt &R | ﬁ@feﬁbaﬂ%vewes.e{;t.hqgonaln
transformunit 19 subjects the orthogonal fransform
coedfitherdt dlat *ddiard dhitthez Qupd it falrw® ePropy decoding
paraneter 23 thus inverse-' quantized to inverse
5ortdgamalt o r aesftor re Per ame vercsonprodatd bngunthe7 motion
restores the tenporal predicted i mage 8 using the
motMemtedctdr the egodigigbpade dmformaticacoddngthe

unit 27. A 20 spatial prediction unit 10b restores the

sp&BaF 1adr Rr &Lt hRde B8 ohfrhd-BBamFhogonal
BeCRFhE A RRS, sk BN LI AR TrhE° i abiict aign stes
or gl ek TRy Bl XN ebTE G ReR Rrtr AntoldhE e 18

o o e LA R ShE AL B, 17 5na e

er gUlarmt 423t POhPELépOPd PAMVEES® PIEBEIYRed by the
transform unit 19 to the output signal. fromthe |
swatdhi mgetd eindecod $agsund wuefutta depoeedd npgantization.
21. The 13 decoded image 21 is stored in a frane :

meftbey Bhver seasord hegogsallt ¢ nensfaienaupreti dtfedsubjects

i mage for a .. '
- 'the orthogonal transform coefficient data 17 and

15 the quantization step parameter 23 thus inverse-’
quantized to inverse orthogonal'transform.
_The motion compensation unit 7 restores the
temporal predicteﬁ image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
f j 20 spatial prediction unit 10b restores the spatial
| predicted image 20 from the spatial prediction mode
14'rest§red by the arithmetic decoding unit 27.
A switching unit'54 selects for output the
- temporal prediéted image 8 or the spatial predicted
25 image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
signal 6utput from the inverse orthogonal tranéform
unit 19 to the output signal from the switching

30 unit 54 so as to output a decoded image 2I. The
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frame subsequent to the decoded image 21. A

description will now be given of the 5 operation

according to the first enbodi nen 3 First, the

operation of the video coding apparatus and the video
decodi ng apparatus will be outlined. (1) Qutline of
Fhed@&@&ﬁdoﬂﬁggéhQﬂ“ﬁQosEHkéﬂmﬂHJQp?¥§%53ﬁgﬁbr 3b so
i nput image signal 1 is input inunits o nacrobLockg
deraged d rve disedi € fehedatdual predicdiedmimadbe for a
notion estimation unit 2 of the video coding

appfirames ssbisesfeenthet ootihen decbated5imdge @dch

macr obl ock using the reference image 4 stored in the

frame menbrgeZLr Ipg imti wilcbmpewsdeogiwen pf the
constructs, the tenporal predicted imge 8 based on

t he® REEIAIMODe &THF OB AN tRe tRei i xRte@mbaddmend.

extracts 20 the tion vector 5. The subtragtor 51..

Fece ves TEEStumpbRg SBSERTARE Plngiig 1 biiFensoding

not J satJ on it s nd 1 pe :

i rAEPaRIEET AN "t HY vade ¥ LELU AR aratys will be
terp@t aligagdi cted i mage 8. 25 The subtractor 51 then

outputs the difference, the tenporal prediction error

signal 9,{1y O Todien®d f Medee deperd Pabnoo fNitthe 2video
The spatial prediction unit 10a refers to the input

10vi cemd $ngna ppasatasst o generate the spatial 30
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prediction error signal 11 by meking a prediction 14
from spatite | ynpuyhddage &sdgraln la §svdmpugedn units of

frane. . . e s . .
macroblocks derived from division of individual

video frames. The motion estimation unit 2 of the

video coding apparatus estimates the motion vector
5 for each macroblock using the reference image 4

stored in the frame memory 3a.

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

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

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

prediction error signal 11 by making a prediction



n

The codi ng node determ nation unit 12 selects a node
capabl e of coding a target macrobl ock nost 5

efficiently and outputs the codi pg node information 13

to the arithmetic coding unit 6, the node selected by

the code node determ nation unit 12 being one of a

nDt feBnC PRIl 09 HWEgh®oXPAENG ré4E HHPAr Yiven video
prediction error signal %, a skip node 10 for a case
whefeamee. noti on vector 5 is zero and the tenpora
prediction error signal 9 has a null conponent, and

an intra Bbee dodiogdimgdehal apetimiinapiedi candst et2oselects
signal 11. \Wen selecting the notion prediction npde

t hed cB@idfy ﬁé&?hﬁedaﬁﬂ%@ﬁéﬂ%naumqr§2t0m$MF9h¥@°k most

te ral . prediction error signa] 9 to_.the orthogonal )
RS SRl Y ceRd Bufhri fhe AariRes meda aformation
Whep, sel ecty the,intr.a. e ' nod

Uhefa SSLeath 0 PP IolBq LS, S99 6T moae
pfe@é;b'cq{b&!fb? Sh8Ndodd Eu]%ci%ed%rﬂé%%%tign unit 12
transformunit 15 as a signal that requires.codi ng.

Whate § Re r@ﬁéoﬂaﬂor§dh%tﬂP¢Bnm&ﬂn%én%€H1§£bﬁd,méaé for coding
notion vector 5 is output fromthe notion estimation
unithé temperal tpredictadinngenpolr sighads 9, a skip mode
information that requires coding. Wien the intra node

10j s fefreat etisehavharea thiednotti bonnyc tari & bet @mero and
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fromthe spatial prediction unit 10a to, the
ar ithfetietredady PEEC I hiomieFrred chighal Pelif§ed null

codi ng. 30 The orthogonal transformunit 15 receives .

CheaBpoRapay ARE ABqurREECQMG oM FRALEA fhe spatial

"D%%eSES%{EHagé¥b%méi&%a15%ﬂ?Cﬁié#eséfwékfﬁb the
motion prediction mode, the coding mode
determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding.
When selectiné the intra mode, the coding mode
determination unit 12 outputs the spatial
prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.

When the motion prediction mode is selected,

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



ort hogonal transform and outputs the resultant

ort hogonal transform coefficient data to the 5

quanti zation unit 16. The quantizaion unit 16

receives the orthogonal transform coefficient data

fromthe orthogonal transformunit 15 and quanti zes

t he s ioynddgatea tt rangh dr@L oedHlici @NE rdal at et k@dihg mode

granularity indicated by the quanti zation paraneter

23 desttee mindaech byomherinadi A costutoj¢ets2x h By salgoailngto

the coding controller 22 to control the quantization

st epfdiegenal 2t rangfesm i and il bpudshethgeresultant
rate and 15 quality is ensured. Cenerally, the

o
Sgl '8%%‘?90% hE@nSE Pyt eeg tfkaiend: datr iR the
] i buf f 24 f t i i i i d
8 O RARE LAt b ald <ot hat the quanti oati on
t meer v o 1
PheP, Do SERESIqdan s AAkIR A dupd EOFR JULE WS ERe

mﬁ&@th&@én@@”@k%md@é%ﬂrEbéﬁﬁf@ﬁbdﬂ”d@Fa %&%ﬁ the

| arge, the coding rate is controlled to be ow and,

wheartheogeaaduat raelsforad dsitells i daldy qeanlizébe the
coding rate is controlled to be high so 25 that.the
quabkthdgonagr ovednshermnver e £ fgumhentatdahaunwith8 a
_receives the orthogonal transformcoefficient data 17
10t cgF R L yhatky zAndirabhed by atdeugpedisizpsion parameter
transform coefficient data 17 to_inverse

gétgigﬁ”ﬁ%mmwt P¥ hkhgr GREARG y© O RETOE L8 ThY2 ¢ he
L0 A B3 PR SRy SBROAVELES 22 v
control the quantization step parameter 23,
appropriate balance between a coding rate and
15 gquality is ensured. Generally, the volume of
arithmetically coded data stored in the
transmission buffer 24 for transmission is examined
at predetermined intervals so that the quantization
step parameter 23 is adjusted in accordance with
20 the residual volume 25 of the data that remain in
the buffer. For example, when the residual volume
25 is large, the coding rate is controlled to be
low and, when the residual volume 25 is relatively
small, the coding rate is controlled to be high so
25 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

30 quantization with the granularity indicated by the




subj ects the orthogonal transform coefficient data

subjected to inverse quantization by the inverse 5

gquanti zation unit 18 to inverse 1@ thogonal transform

The switching unit 52 selects for output the tenpora

predi cted i mage 8 output fromthe notion conpensation
unigunpi ztdteiepatsitad p ppedt amed exmaps .10 20 out put

fromthe spatial prediction unit 10a, in accordance

wi t h t he Tdwli hgviesteei picdrhagoorall 3t ranplioriv onmihe 19

codi ng, node determ nation unit 12. Wen the codjng
no&éﬂ?hﬁsr‘tﬁatmﬁ Prihagenat transsersh peedifcisdgnt data

i t chi it 52 15 sel f h
Torun P8 s Rl E0. AN YhEE e TR nIR L T Famn tRY nb G LAVerse
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selkqGips F8rpput put the spatial predicted i mage 20

output fromthe spatial 20 prediction unit 10a. The

adder 53TaddsswhecUiRyt vl DHalk X roalklts s SPorCbAtiput the
unit 52 to the output signal fromthe inverse

or Eeogonah 1t rmnefdcrhedi imkdgeo8aodbpugentreate the motion

| ocal |y decoded image 21. The locally 25 decoded inage
21CPRPRRFAF INt BB XY ake onenbhe Fpatbdathepreddrehed image
.ingge 4 so as to be used for ,notion prediction for _ )
sub¥eGithPut: feem the afpatbelc RIBdAG iR nit 10a, in
supj.ect ing .datag including the poti,on vectar, 5,
habERragRRsd 188 TS, rld blo1 3o TRe ia FEATY S 13
predieghdon a Lt B f .

oot PP CneTaar e o d nd o8k, d8ERTn A ARG Chnit 12.
stgpendaskel U 1R§Cmode information 13 indicates the

motion prediction mode, the switching unit 52
selects for output the temporal predicted image 8
output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
prediction unit 10a.

The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to
generate the locally decoded image 21. The locally
decoded image 21 is stored in the frame memory 3a
as the reference image 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
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and outputs the coding result via the transm ssion

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

Qutline of the operation of thejw deo decoding

apparatus The arithnetic decoding unit 27 receives the
conpressed video data 26 fromthe video coding

appdiat ox thsigenllect g atnzef s eaeciced fddla éntedabay 110 to
decodi ng described later, so as to restore the notion
ve@®ntrépyt heodagighgaoode dhgr it i shelly debespheidallater
predi cti on node 14, the orthogonal transform L
codfid cpuakPuhs atie ape ding qieay kbt Vot Ehep transmission

par, a er 23. 15 The inverse quantizatjon ynit 18
DUBRERST, 7 3Pt FdtpndPMBERSFGn Eadkaq B difa 17

and the antization step paraneter 23 restor by .

the 'ari (et PEEIAR: By rRE' B¢ Rosel R, Yo

- The doysh QQQH$§E transformunit 19 subjects 20

t he ort%oggﬁé?ﬁkrans ormcoefficient data 17 and the

quant i ZaiphQ) SE¢R HIREBHR dedddiNg uNEE SE7 GUBELiZAs the
to inverse orthogonal transform en the codi ng node

i nEompt &oseld védier edatly 2 6e farémhne covideadi @gding
unit 27 indicates the 25 notion prediction node, the
notp@aratpensandos uhnject s ether eseted edpdadla to entropy
predicted image 8 _using_the notion vector 5 restored
bydered hrgt feiheddilatenit 5. aghdP t BESERK Agthe
node .information 13 restored 30 by the arithnetic,

deB8&IRR uKeC BT, %ori c’éi"@s qeing pq Pa%ge,r“tﬂ{%mn 13,
spat.i_al iI.Gtion. U o) t or t pat|
prgéﬁﬁ%ﬁgi%i% Eggéhéaigﬂaﬁgﬁe fi, %ié gkfﬂogonal
transform coefficient data 17 and the guantization
step parameter 23.

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

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

When the coding mode information 13 restored

by the arithmetic decoding unit 27 indicates the



spatial prediction node 14 restored by the arithnetic
decoding unit 27. 5 A difference between the spatia
prediction wunit 10a of the video, codi ng apparatus and
the spatial prediction unit 10b %§ t he vi deo decodi ng
apparatus is that, while the spatial prediction unit

ot BRI HuGaRt it L§ oA e T H EPal BB fndgect o
o4 LEGRI Uy ehY YpdbaW AL APALL R PL %% ga uging the

nodes atr al Ictio
gen§bﬁtt' g1t %é&&"c‘@ioﬁr epb gked 4 NpeRs POred byt |°cﬁ1e
spatTal prediction node 14 that is given. 15 The .

swi 4 ghitigmatiilc Sdesal @Lhy thriterppral predicted
image 8 restored by the notion conpensation unit 7 or

5the spatial dorefilectemc endget w2@n esher esiphyt 142 prediction

spatial prediction unit 10b, in accordance with the

coddmg tnobeai i Hr ke oﬂldgqocpdslt@ge@marwetus and the
arithmetic_decoding unit 27. The swtching unit
théPé@Hﬁ&sPMﬁﬁéGﬁ%QEdWﬂmﬁe1QQ Pﬁa%ﬁ@m”%@eﬁsdeCOdlng

th di ct ed Th 5
d rSer'&"f;ﬁagé”Hf mﬁeaﬂwﬁsh?%rﬁ‘éféavéagladeswctwn
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I mage I s st SO as

usqds t @ r@fnehates PLadFt 8¢ a’ﬂaauwﬁef ¥psehseHupediction
franmes. A difference between 19 the frame nenoriés 3a

anthodbeeqnst Res d patiia ]l dplrfed ocd det et t Ol i deo limited
-codi ng appar at us and
to generating the spatial predlcted lmage 20 from
‘the spatial prediction mode 14 that is given.

The switching unit 54 selects the temporal
predicted image 8 restored by the motion
compensation unit 7 or the spatial predicted image
20 restored by tﬂe spatial prediction unit 10b, in
accordance with the coding mode information 13
restored by the arithmetic decoding unit 27. The
switching unit 54 then outputs the selected-image
to the éddér 55 as the predictéd image.

The adder 55,.réceiving the predicﬁed’image
from the switching unit 54, adds the predicted
image to the prediction error - signal output from the
inverse orthogonal transform unit 19 so as to
obtain the decoded iﬂage 21, |

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

images for subsequent frames. A difference between



the vi deo decodi ng apparatus respectively hosting the
menories. 5 (3) Arithnetic coding and decoding A

detail ed description will now besgiven of arithmetic

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

thet Al tHWRhC nfRbrd dB)i 8 a6 MaFi3® dOndid¥sain the
decodi ng process is performed by the arithnetic
decodlifferohtelbeotweiean #heFigidecshowding apparatus and
construction of the arithnmetic coding unit 6 of Fig.

3. Bheewidgot ddtgdifg tapparathsetrespedi hijvedit Bosting
conpri ses a context nodel 15 determi nation unit 28, a

bi nBREzMEWAL 4§t 29, a probability generation unit

30, a codi unif 31 anpd a tyansm ssion unift.
gener at i ohggniﬂt“s%. WCCSHCLJ(FQW%@ &SRR i on

Uit 20 1 SREAETRR, FERLER YA LTIk e en of
e pdLRA 0L WYASRS AT bl GBS IREng ro cne

thef @athgaogabr ttRasipyds eaef figveHt #6ha 1. cdldng process
binarization unit 29 converts nultilevel data in

accos dpeacfotrinedSbg Wher azdithnetie dedimgnetitoré of Fig.

each of types of coding data. The probability .
10gerkrandoa udecodlingspumses rbbalpiexforafed by the

occurrence of binary _values (0 or 1) for individua

bi ¥ ythaRiehecdeaddng waditza? Vo f Thédcodt ng unit

o 0babi | K59t hife SBOWGerr SORE LTRCE FAROABEBR i L thmetic
GenLSLRE ik B oENHEF°S kI PIng W Flg. 5, the

arithmetic coding unit 6 comprises a context model

n

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) defihed for each of

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

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

30 arithmetic coding based on the probability thus



shoul d be suspended and constructs data constituting
a transmssion unit at the timng. 5 Fig. 6 is a

fl omchart showi ng processes perﬁégnﬁd by the
arithnmetic coding unit 6 of Fig. S. 1) Context node
determ nation process (step ST1l). A context nodel is

a mfleherhaledle! iThes 4P a@RR1E8AGN OhnitOPgRINd ¥t 9bn unit 35

occurrence of data synbols on infornmation™that causes

var ijatd Doaited heheprioPabinlg twhebBy thet gt dghbritee€Ncoding
probability states in accordance wth the dependence,

it ishopbddsite estie prend edmamdi g rasihriuedt $ o diatsa 15
probability. Fig. 7 illustrates a concept of context
mod&onstatmtylng a praasmuasdoaynisilt sabsdhedtiming.

:gptions 0-2 avail,able for ctx are defined on an
ssunpti of 19 haf thie dr SEAWFharGt8hOWANELPTREFESSES

sy I 020 ich.ctx_is li,ed changes dependi ng .

o BT o8 | Bx e Y rade BB sy oERur R T Ehl” of Fig. 5.
first e di e | ue r .S SV, t m

one to gﬁgt h%?ﬂii:'r’?)éaé(;crcﬁS déjncgg%etlﬁ;l]{ﬁta}rfepe%ﬁ%ég% (step

bet waem codi ng data for a given macrobl ock and coding

data for a nei ghboring macroblock. Fig. 8 illustrates

an exanpl o @fogtekaxtmoaed ikoa ans@kilonthaet dlefihes

exanpl e being taken fromD. Marpe et al. "Video o
10Congegssidands ngfCortehabidsitly 30f Adaghimveence of data

Arithnetic Coding”, Intéernational 21 Conference on, .

| re§¥miratesimglpformahdagontbrit ¢dusiethervariation in the

rel evant t notign vector .ip a
pr&%abglity. By sw&tchfng between probability

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

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

20 which ctx is applied changes depending on the
condition.

In video coding accofding to the first
embodiment, the value for ctx is switched from one
to another in accordance with interdependence

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

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

30 Adaptive Arithmetic Coding®", International
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macr obl ock. Referring to Fig. 8 for coding of a

nmotion 5 vector for block C, a notion vector

prediction error nvdk(c), a diffgerence between the

notion vector for block Cand a prediction thereof

from its spatial neighbors, is coded. ctx_mvd(C, k)

| ndiaf ex enEentoaxt I naded -Piadﬁlﬁkﬁ.@q ipdpgat ephe@ context -
notion vector prediction error for block A and
mvaladli et ds ar edevantvdeat oa potdiohi oreetpar in a
for block B. mvdk(A) and nvdk(B) are used to define

an MAaF obd&ar kal ue ek(C) evaluated for switching

bet ween gggext_nndels. 15 The eval uat ed \val ue ek(C )
i ndi cat es&EeTXAnG | 5/ il dot ifon ¥8& Fedipghet a motion

i . e Iy, if k(C), i | | dk( QC), .wi .l
noyEiR R s EIEINCK S | § hkd Spe Vg tel HE fhitly1on
I i h i Lyl i .
nceTppt Byd¥KOD) & Hi SENEhc Sl BE RO e At ion

inwa&k&@)ﬁH@Ubddﬁﬁtcb%ﬂwtHﬂg@éa%ﬁ%@o o RKEGo £ Afrom

context nodel is one of predefined sets of variations

of ifmsobepaltiiyl entd iGhBors, t Hiss caded. tbexe mva(C, k)
three variation sets of probability 25 estinmate. Aside
frémdieatrets oa cegibextcama@eil .nodel s are defined

for coding data including the coding node information

10 13, the BFstk &R )pricydéciadiedode matign vRetRrhpgeiction
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transform.coeffjcient_data 17. 30 The context nodels

ar X eG08y Rheck idnadd m¥dk (B A dhratesf ar motion
UnPEesP BEARDREAE 3G C et bTEk BT wIaRTA) and
mvdk(B) are used to define an evaluated value ek(C)
evaluated for switching between context models.

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.

Accordingly, the probability of occurrence of
symbols in mvdk(C) should best be optimized based
on ek{(C). A context model is one of predefined sets
of variations of probability estimate. In this case,
there are 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 orthogonalltrénsform coefficient data 17.

The context models are shared by the arithmetic



apparatus. The context nodel determ nation unit 28 of

the arithnetic coding unit 6 of Fig. 5 selects a 5

nodel defined for a type of codingzdata. Sel ection,

froma context nodel, a probability estimate

variation. is described as a probability generation
proc@ed img 3nnbict o6l oF) BhearizAtbocSHehy SdBpa¥eus and the
10 The ,coding data is turned into a binary sequence .

by tﬁélﬁmﬁ?gﬂ-ﬁ idrceding@ougnitha? @ f cthexy idetel decoding

IS a$ lied to each bin (binary |oqcation) of the
bimigpﬁﬁﬁ@ﬂée Hhe cArtest meded Adeterminarion unit 28

SCC0 82045 M LIRS S gl O SO 00 o 431 480 et o
seahsteraceduy g8l ¢ ByoleLSH oS ek
20 cineen o hA o g AR AL, b fBbaniticy
o 3 Mt e 80N fgpaniaicy
As &eneyat odnt preresasses 3)) apdldw Above, 25
bi nari zation of the nultilevel coding data and the
setting of)a Bémasizasdetnapplémd(sdepciTIn are
G0 ext A PR ARIBS A4 Al PorkaBheichoLak® oo bamary
o W EERREIL LI Qok TIE AR RO DY e cnae o
GeLeCveRs BoUET T3 ABALR, B BB (binary
location) of the binary sequence. The rule for
binarization is in accordance with the general
15 distribution of values of the coding data. A
variable-length binary sequence results. By coding
each bin instead of directly subjecting the
multilevel coding data to arithmetic coding, the
number of divisions on a probability line is
20 reduced so that computation is simplified. Thus,
binarization has a merit of simplifying a context
model.
3) Probability generation process (step ST3)
As a result of the processes 1) and 2) above,
25  Dbinarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an
estimate of the probability for 0/1. The

30 probability generation unit 30 refers to the




each bin. Fig. 8 shows an exanple of the eval uated
value 5 ek(C) for selection of the probability. The
probability generation unit 30 degerm nes the

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

sel ection of the probability. The probability

det epmitextomauhel d:termidied! §ne>swepesDPt BNadOto
avai l able in the context nodel referred to and

det EPRISTRL @hitdre vRrichabh 1ldft profam¢cuy mesneenteef 0g1 in
to be used, for coding of a current bin. 4) Coding
proE@§§'§§¥%ps ST3-ST7) As a result of the step 3),

15 occurrence.of 0,1 necessary for

th babj it f
ar iet ﬁ:Tgt ?Egiggdy%SShiog’%e?grrﬁmP&rﬁj ?lekihgi eyadunated value
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pr cbadilhiatlegener Bt 0B utht a80.eH@) TSREUH CYnOFig. 8 for
occurrence of 0/1 is counted to update the variation

of §2beatiionyodsttret pricbabdlbgt.exrhevgatobadd 1ity
(step STS5). 25 For exanple, it is assuned, that, when
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4) Coding process (steps ST3-ST7)

As a result of the step 3), the probability of
occurrence of 0/1 necessary for arithmetic coding
is determined and identified on a probability line.
Accordingly, the coding unit 31 performs arithmetic
coding as described with reference to the related
art (step ST4).

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

-into the probability generation unit 30. The
frequency of occurrence of 0/1 is counted to update
the variation of probability estimate in the
context model used (step 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



occurrence of 0/1 is updated to 0.247, 0.752.

According to this nechanism efficient coding 5

adapted to the actual probabilitysof occurrence is

possi ble. An arithnetic code 33 generated by the

coding unit 31 fromthe coding data 32 (0 or 1) is
fedprobabibl i tgnse iRt &i k penerdidweney lo BSo¥hrrence
10 nul ti pl exed into data constituting a transm ssion

uniefad descupbecked o behaw (sheppFdbhabAlity of
determnation is made as to whether the entirety of a

bi rRf§ugdpreee o(hi B€)l ckist hpdatiedg talal a2mas, b@er?52.

coded (step ST7). If the coding has 15 not been .

co%ﬁ% E@ingntooithisy iefhadisnst &f Brgienkereding

probabi Lt eneration_ for_each  bin.,gnd subsequent ,
50t Rk e PP K SPL a1 BRhiePidicy prroeRaTrence is
codi ss is conpleted, a transm ssion unit
gegggg??gﬁﬁg?ocess descri bed 20 below is perforned.

5) Transm sk j 0 r S :
Sre- S0y T 1t AL ey Bt PSSR EF by the coding
seauehtes 10ff gofli rtgldab@dmﬁ St HIBL coglewa d1 )Aji25fed to
speci al consideration that should be given to a video

si ghe tramsaniasdezmdad iteagenshoatdoe undaat 28 iand

units of franes so that a franme nenory is updated.
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dNLY aghgdesordbed idn ) heldawalytep ify a

boundar yAbe Jegn f.r angg"olrp igr |mtahér§t %csalég %%rrepéﬁsesredthe

data. For the %ﬁFde%

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

transmission unit generation process described

below is performed.

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

Arithmetic coding turns a plurality of
Sequences of coding data into a single codeword. &
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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mul tiplexing with other nmedia data such as

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

transm ssion, the conpressed datse for transm ssion
may have to be partitioned into units smaller than a
frame. An exanple of sub-frame unit is known as a

sl imec 8BBULE I € oPr DAERRd: Py &r%ﬂaaé}:;?' H(eaiv}éé.‘nOfframes in
macr obl ocks I n raster scan order.

i | laust t hmmest hcalliloe ebmg&useed\@ﬁthmﬂpﬁklﬁhe purpose of
encircled by dotted Iines. Cenerally, a slice
st Mt Bip liex Lngd vkt h mthetomedeaydﬂmanmunhoasn

decodj n In_a typical exang slice data are mapped
ont"& Jacgéwbﬂaa%ﬁ%d | pors &niﬁ-‘bf?oﬁﬁ: ef. pRgtket
%|-t|ﬂE I P transm ssion of nedia data such as video

GRREMLSS1 0D H@s§°margrsaﬁﬁd ofatanépisteAnsmission
‘Ji*en AR, Lo B BRRYINoREY iR\ ks, fhhider than
heﬁd%igﬂepmﬂgogxéﬂgi%cg%asHy-ffgﬂ% ﬁl%afgpgﬁ%wn as a

onto a pay oad portion for transm ssion.

Ki kadhie estdluct B Hpyrbentc &ar eb lurality of
Audi o/ Vi sual Streams'l':i'g RFC 3016 esérlggifgﬁﬁetﬁgdﬁfa ity o

nmappicpbhecNBEGiL4 qraptessescaindaprdelra, onto 25 an

RTP payload in units of MPEG 4 slices (video

packet s) FigLP Hadldigstrateansirisl ddeass tPRgiuket.s,

Since UDP does not suppaort retransm ssion, the

entiret yAoRagrep Lﬁﬁg A8 @BEimabada hiecdeittedolines.

aggaratus @hen a cket | gss occurs. ,if the codln 26
ShRERL LNy f ) B 1Re ST EORNTS ohEq uFEd unit for

'r@@&?ﬁdﬁ?o%&iQEﬂ%écfyk§L§£H¥hgaDWhpr'%yplcal example,
slice data are mapped onto a payload of a IP
transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header
portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
an RTP payload in units of MPEG-4 slices (video
packets).

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

apparatus when a packet loss occurs. If the coding



decoding is not possible even if the subsequent slice
data arrive at the decoding apparatus 5 normally. For
this reason, it is necessary to epgure that any given
slice is properly decoded inits entirety wthout
resorting to any interdependence. For exanple, it

shoubd keubssueshthatl Stecaidbtas i) codad vibhed on

using i nformation of macroblocks located in Slice 3
abovéndroShatd-on beffowh &od iispapdenkns ldicey | Apptopriate
coding efficiency, however, it is desirable to adapt

t he dECSHhbRE tis ohodc e & 6rdul of essgmolif tthe subsequent
surroyndi ng 1% condi tions or to maintain the process

of dFiild’l%gdé HrdbRBivS t§t ithe 9£cAdng i2ePArAfus

lic Independent of each other, for exanple, a

r§egi g?%’uaggT{Ue representing a codeword of arithnetic

g present i ng a codevord of ari thet i
The 20 1 2t ORaci DB ot 40" chta i HEkEbAERY &S ensure

S| cenad. dhp GIWeheBI fobesd pRoffbtlyt ReshEs 2 its

that coding 1srestarted. In thi .
i nposatlilrety @ddlodttcare sbatt Dhgt had Sﬁgtinbébﬂﬁﬁendence.
the end of Slice 4 and the head of slice 5, 25
resulferngxampllequeit cediogldf fhei emmyurdduthat Slice 5 is
eneral practice in the design is that resilience to
nex¢Re8edd Yshowt snEdaglaia fhemas ianandnimarooblocks
erqus iiéd?noved at the cost of a decrease in_the
codi T8 i SR BPeTHe 3PV 9% Mlifet 4yehelam on
unit 35 2 ceording to the first, odi nent_pr.qvi des
armthodj%ﬁ% gﬁgﬁﬁgﬁﬁﬁﬁgf&fiﬂﬁﬁ %ﬁkﬁﬁacgdlng
adapi @i blilen &), however, it is desirable to adapt the
probability of occurrence of symbols to surrounding
15 conditions or to maintain the process of dividing a
probability line. To code Slice 4 and Slice 5
independent of each other, for example, a register
value representing a codeword of arithmetic coding
are not maintained when arithmetic coding of the
20 last macroblock in Slice 4 is completed. For Slice
5, the register is reset to an initial state so
that coding is restarted. In this way, it is
impossible to exploit correlation that exits
between the end of Slice 4 and the head of Slice 5,
25 resulting in a lower coding efficiency. Thus, a
general practice in the design is that resilience
to unexpected loss of slice data due to
transmission errors is improved at the cost of a

decrease in the coding efficiency.

The transmission unit generation unit 35




the design. More specifically, where the possibility

of loss of slice data due to 5 transm ssion errors is
extrenely low, interdependence between slices is not

di sregarded but is fully exploited. Wen the

possibility of loss of slice data is high, A

I nt aceepeddarc et betwrenst sristeSeidd DEméd tdisrogaidied a method
so that the coding efficiency is adaptively

conamd & apparasucd foansimproomingThde radaptszbéd ity of
unit generation unit 35 according to the first

enbSieed@sigdei vMore spassit §sadnlYini WhRse gitdte on

signal 36 at .the end_ 15 of transm gsion ynit. The
Cr SROmSy L8 ih ( SdeditREL O SIGRH 38tA PRByitRd as
a control .siagnal in_the vi.deo codin par atus. The
CroRERTARFSHTE GERSEE O VR E TSN gNarid Be
t r ang R SSA ' itd.0nj d d qof
tho nr raap e e, Pl e T o T BE e 7loardea
codpg Une tf3h iy agprsapeawith the timng of the
i nput of the transm Ssion unit designation signal 36.
More specwhiesaltle Pus$idisiityl @f UDblss2Sogesdrixteorata is
unit 35 multiplexes the arithnmetic code 33 derived
froighe cbitegdepenilesceudnetwielen siticdst maghadve
constitute the transm ssion unit (step ST6). The .
10¢ fhipregardes tsgetdrati Shanced iz dedfeheacy is

whet her codi of data for .30, macrobl ocks that fit, )
intd ﬁPttr‘a‘ﬁ'%ﬂi%sé?%thtlﬁQs iy upddys cBhpItetapsmission.
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36 (step
according to the first embodiment receives a

(5]

transmission unit designation signal 36 at the end
15 o0f a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the videc coding apparatus. The
transmission uni£ 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




determ ned that .coding to build the entirety of a
transm ssion unit has not been conpleted, control 5 is
returned to step ST1 so that the getermination of a
context nodel and subsequent steps are perforned.
When it is determned that the coding to build the

entigeéi efonfp 1 BARY Sﬁyo&élﬁé&_ﬁi%gom ke ¥rdfA8mission
transm ssion unit generation unit 35 constructs a
heaaeritodedsibgaatsigmmeslidrans3iss{ 98epi$T89 . When it is
descri bed bel ow (step ST9). 1. The unit 35 provides a
regidterrpdgmdf thqt i adddatg ngonttes h2d & hegiegtteirety of a
val ue, which 15 designates a probability line

segtdABEMdF stanuanit dasmnnati een camelsfed, control
§Pr 0Gess fgr codgmgrd reErese tation, shoul d be reset, )

i n tife TBXOIATANSM SF6R ohft. SPn thal fikgadgrermination
gengrat ed s i §SI unit, the register reset fla

o B8 S0°pa b EaE IS R oo By ST0EE, 0f 3R 228
resgler fdrmbeg, Unit 35 provides an initial register

val ue, which indicates a register value to be used to

start ari tihe | xcad ngedonfli fed e hhY R EecIPPRG to build
the next transmi ssion unit, only 25 when the registér

resthe lagtindicat of taat ridesmies isé #r udhiov! dsnatoRplete,
reset. As shown in Fig. 5, the initial register value
10j s phevitedansmisms iom tunlitr eyeneeravhboe Bdited Fropnstructs

the cggqr}g,unit 31 to the transm ssion unit .
gendr egnifonsthey gugsequentystransmibspiion unit as

oL ERBRTREE e by S b5, AphJTE © odi no unit o
1. The unit 35 provides a register reset flag
indicating whether a register value, which
15 designates a probability line segmentation status,
i.e. an arithmetic coding process for codeword
representation, should be reset in the next
transmission unit. In the initially generated
transmission unit, the register reset flag is set
20 to indicate that the register should be reset.

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

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

30 Fig. 10 illustrates a bit stream generated by



conpressed video slice data includes a slice start

code, the register reset flag described in "1" 5

above, the initial register valuggnultiplexed into

the bit streamonly when the register reset flag

I ndi cates that the register should not be reset. Wth

t hethedead i vhoetat ¢ orodbbnyi hadi beve, slice-to-slice

continuity for arithmetic coding is 10 nmi ntai ned

even wher§ osdhaynt Aa FFbgedild), skildslecheadeby dsstagfor

the register reser flag and the initial register
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efficie revented from
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separate bit stream ftlirne transSmssion and

t hé mhhpaesaedehiateot Al Gl gkt dRY shMfl @t hafdeHe reset.

thereto IDinformation referring to the corresponding
slice hedWddrhdathe &Rdtled ibgfiordagionlldeshar fbe@@Mbove,
is transn1tted in accordance with the IP protocol.
Th&lHi&Riet od=t hice t¢<an§mnueuy25ms| lag:ﬂﬂi’mle!%idaat:odlng is
provi.des relatively hi reliability. The conpressed
viBad e ined evensy P—@d lesrg HiPLtbeP/pPeceding slice
ch iz snall el a in accordance with the
se%g?g{reé't%%s &é\%ntE@he‘ﬁégéistﬁ?ﬁ regebr flag and the
tr pRIH 51 0 rn33|on nlts t he
data 30 traé)in%'i g?ﬁ??%}%@?ﬁ ﬁ’dné&l [ileing b%ﬁrrent
PaglibeOnedald¥P %S Accordingly, the coding
efficiency is prevented from becoming low.

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




Use of slices basically requires resetting of

i nt er dependence (context nodel) between a video 5
signal for a given slice and signagg for neighboring
areas to ensure that decoding for a slice can be
resunmed i ndependent of the other slices. This wll
bri ngmnan it tedp usi ngdRT P LUDPWI Bf hice@nayt 1Pe
Once it is ensured, however, that the initia

regi A&kt ztaaneds intmssiliiedsover TCP/IP, as  shown

in Fig. 11, videq sigpals may be coded by fully )
expl oi ti ngYsR 8?mﬁﬁb¢§ﬁxh@§%FQ%ﬂﬁl§QQPér3&aﬁ§$ettlng of

ol TR BB BB dBueen a viceo
Kot o . ! .
srckstdgnl Lok Aogou 0t 4 PLE SRR iSim s, o
b8 rdN§| ardH &Y tPtShBRG M £ R @Sb@bin%ofor a

pfOCﬁ%ngh _
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constraints of the slice structuré can be
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of resilience to errors. In an alternative approach
showACrRd g geffic denzy | ayer above nay be used to
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Peset flagPBRE the iishieranred,shawesess i Ehed pehe initial
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frame. Resultant arithmetically coded data may be
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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




- For exanple, when it is determned that the circuit
gquality is low and stable video 5 transm ssion may be
possi bl e by consistently resettipg registers
t hroughout a vi deo sequence, the register reset
control flag is set to indicate that the register is
al wayd trigskéxatd t hatlead hkadles!| hea d dhedwohoot at Reideo
vi deo sequence. In this case, 10 the register reset
fl ageqgi@nte conpulsdoyysaeplwnblddtwedfnotideo frames.

mul tiplexed on a slice-by-slice |evel. .By
control | iF@Tr &gfanred & eseheimgibnis Wdetermenedncehat the

| evel . overhead .informati on otherwi se 15 transnitted
forCEER 1t | SHALIF RqdcdlPH ABe Shapler &idQ8npl e,

a Lied ci.rcuit_condition (f.0 xample, a
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to a headel?ﬁ‘gf a%&%ggiééeggg%o%Bu%?a%egﬁ%gf %%@.’?ane,
NtliHef retplsterd Yéded SCaHeR S fhialy 13 FWMWStd indicate
internal construction of the arithnmetic decoding unit

27 tHa€i ghel rége s eirhnigd i g1 | p@dett a2/ the head of a
conprises a transmssion unit decoding initialization

unigl Bye tisraughmwekt tivdelideter segaiemaeuniIn28his case,

binarization unit 29, a probability generation unit
1030 they negdbirkg ipFetaE lage andnthiessibatiml register

decoding initialization unjt. .37 initializes, for a .
trgéiﬁgsﬂﬁ? nPPY e T tiR 1&g e AN cadédokF Rgba-slice

prg@§ﬁ§ based on added information related to an 32
arit nE%Fc codi ng and included in a header. The

context FRAelo eI B Pellisle &P FUHLLLiG 8% a video
sequence level, overhead information otherwise
15 +transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+lth frame) in a video seguence.

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

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

30 process, based on added information related to an



type of data, i.e. identifying whether the notion
vector 5, the coding node information 13, the 5
spatial prediction node 14 or thgyorthogona
transformcoefficient data 17 is to be restored by
decodi ng, so as to determ ne a context nodel, shared

by abéttineeieod s iaPasabus eludead vigeta HeadB Y The
apparatus, for the identified type. The 10
mrmonnﬂxbnmomalZﬂaxﬁmmanaxﬁohlmﬁitaaanuddntlfles the
defined for the identified decoding data type. The

prob¥bE iady detdrat Lere unide3t §fydng hehghrbgabitiie ymotion
of occurrence of each bin (0 or 1) in accordance MAth

t he?BFAET 721 i &M uFedRIgt RO AS dafixmratdeen. 19he t
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the binary Sequence resulting ron1ar|t metic

de@hhﬁ@&“ﬁ&thhekwmaéda&bwlﬂ?|ﬁpﬁiﬁath%léna the video
fl omchart showi ng a process perfornmed by t

ar idewetiingeapgiawga tinigt, 2foaf tfhe. idddnt3ifHéd type. The
Transm ssion unit decoding initialization process .
10 (stnagrimanioshowmitn 9 ggergrahesstat bs_nmru.n@tlon rule
decoding unit 38 is initialized before arithnetic
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probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule. |

Fig. 14 is a flowchart showing a process

performed by the arithmetic decoding unit 27 of Fig.

25 13.
6) Transmission unit decoding initialization
process (step ST10)
As shown in Fig. 10, the status in the
decoding unit 38 is initialized before arithmetic

30 decoding is started, based on the register reset
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ST10), the register reset flag designating whether

the register value indicating the arithnetic coding 5

process is reset or not. \Wen the gpgister value is

reset, the initial register value 34 is not used. 7)

Cont ext nodel determ nation process, binarization

pr océsdsaqnd nai obhki liid ytdevier aeigdis t @r0gesbu &0 Jheptltiplexed

processes are perforned by the context node

det edfitirat edcluntrazgmike imaninzat i sucinias 20 sbdce (step

the praobability generation unit 30 shown in Fig. 13.
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process (step ST11l) The probability of occurrence of

bi n bbnaer tzatdrol prdciessi famd phrohigh illhet pr geereeation
1)-7). The decoding unit 38 restores the value of bin

25 (B¥epe®m™1), in accordance with the arithnetic

secoding process described with reference to the

el ated arfnege PEPRGwFesodFgupPay Harased hby viheocontext

I he decodi ng, unit 38 counts

FredidB) HEbEERIBRETRR B Lo2hy (bhApdARas) AaBion unit

DLoP b ChaSSEMERIER, BhoP SEhBLS TR uit e, §F shown tn

restpigd By COMMYL @9pldodb b ek DAY Vi §6htSfied as steps
ST1-~ST3, respectively, in the flowchart and the

5  description thereof is omitted since they are
similar to the context model determination process
ST1 identified as the process 1), the binarization
process ST2 identified as the process 2) and the

probability generation process ST3 identified as

20 the process 3) in the video coding apparatus.

8) Arithmetic decoding process (step ST11)
The probability of occurrence of bin to be
restored is identified through the processes 1)-7).

The decoding unit 38 restores the value of bin

- 25 (step ST11), in accordance with the arithmetic

30

decoding process described with reference to the
related art. In a similar configquration 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 ST5).




pattern defined by the binarization rule (step ST12).

5 1f the value of bin restored is not confirmed as a

result of conparison with the bingry series pattern

defined by the binarization rule, the process

identified as step ST3 for generating the probability

for ©Hd deceatinlg mend 3 subsaRENC O PEaGESER®e value of
are perforned for a second tine (steps ST3, ST11,
ST5,b8T12estidrete bsal cemfabing est omddb i sackminamyd series

by
pat tRaAtt gemi efpbpadebli hezhtiironr iglag;iohe minte (Ftep

successfully matching it with the binary series

i ndicated by the matching pattern are output as the
restorbéi)data. If the decoding is not conplete for

n,uynit such as.a.slice

h tiret t i SSi ‘
ctep STIE The' TtiE: GHabl Tk 6F HAEES of Brbfsont irmed
of
per
LT apER eSL AN dit inleR U6§OUfe DIMPPIBARN SRS DY, the

according to the

L£P; ST sg{;fajl? ég% Sé'@@ﬁ&ite.ﬂé oltf Q,?fﬁ?@qzol} é9p3fary series

ormed re [y un entire

irst “enbodi nent, for transm Ssion

of pamresseddéfedf dalads) stepssesi Forngensraiting the
as slices, the 25 slice header data has the register
fl apralabhd itiyni fioal 0£Qi sifreazihiebis andchdoe subsequent

thereto, the register reset flag designating whet her

14 heproagsses \aregepenfoamed fiox adi sleren

dodingg (steps

process is reset or not. Accordingly, it is 30

posSTe $T1der t®FRrcodFhd Mi t hout | osing the 35

continuity_of .the_ arithmet ¢codin rocess. The \
¥Fmﬁ§ﬁyvﬁ}?ﬁjﬁéﬁhéa,Ré#?gq is confirmed by

codi ng ef
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successfully matching it with the binary series
pattern defined by the binarization rule, the data
indicated by the matching pattern are output as the
restored data. If the decoding is not complete.for
the entirety of transmission unit such as a slice
{step ST13), the context model determination
process of step STl and the subsequent processes
are performed repeatedly until the entirety of
transmission unit is decoded.

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

possible to perform coding without losing the



resilience to transm ssion errors i s inproved.

Decodi ng of resultant codes is also possible. 5 1In the
first enbodinent, a slice struct yge is assunmed as a
transm ssion unit. Alternatively, 'the present

invention is equally applicable to a configuration in
whi cloret ¥h deq f r &Fe titfe aa riir kS O i d
enbodi ment An{ﬂternmﬂveﬁiﬁgﬁgﬁiiiERQ}&?hégsgggE' The
ari cnkitng eddifimjewdy Gsanchiheadnéhnetieidecadiag
unit 27 according to the second enbodi nent will now

be ¥§Sdekkengey.tontitensedeaienbed rents, 1wt impryoved.
the. regjster value indicating the status of a

codBRECH - REoRk HEe AU tRBRti CedEBnd $r 8dexs bossdllsde.
t he Statfﬁ gf | egrning of _a variation of probability

estimate h&nf &¥s ﬁ@qulﬁﬁHﬁpléx&i%%ﬁoﬂﬁﬁﬂgﬁure is
or OhSBTIE B8net ot T A SIM P odf Re At il SREARELVely , the
exaraeay Ll PERL 6N R Mokl il b

i N oon€ighor & BR0aY el hh& L Ehhnety $42% Cfﬁhﬁﬂe is a
efficiency for block C, information on the notion

vedivansoriss doln Bimbave block Cis exploited to
determ ne a variation of probability estimate.

10Accordingly, if block C and block B are located in
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di fference slices, the information on 30 bl ock B
shGfTPBE SRberddeREom being used to 36 deternine

223J¥0b%ﬂl+i¥é¥q§%i%€eQ%%ff?L%JE?ﬁS U¥Htigearithmetic

g effic
coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be
described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but alsoc the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.

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

block B should be prevented from being used to



| owered in a design where the probability of

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

met hod and an apparatus for inproving the

adaptability of the design. The coding efficiency

W t ledhermithe thengprebiadni Lty icfcoderhrselte.
adaptively controlled such that the slice-to-slice

i nt er depefdekg emedn®spbdat ot her iadddmia efdiimiencyvels
di sregarded but fully exploited in a case where _the

pro ere¢ okn| 8sd&Fign cehagea e Prebakdd ktyoRt
err extrenely n ce- 15 t slice

it SbEREARE ey BEABFAebydF tRrmined, Uakhe 2 context
§henﬁﬁﬂ? pbility of loss of slice data is high. Fig.

15 shows™an internal construction of the arithnetic

codi ng un@hébgggw§h$ﬁe@ﬁéh etRhPide mg?&EH%BQPBEov1des a

A difference between arithnmetic co uni t

accaedi Ngdt @ ridea feaqisla eatags Medlr aﬂﬂptﬂtﬁv:l.ﬁ@ t4met i C

coding unit 6 shown in Fig. 5 according to the first

enbadiapnabiid itmt otthet beoldsds Lgthy. 2BPhgermsrsdingn efiftic iency

30 delivers a context nodel status 39 to be

mul Wiigilexel iich ot hes|tizansauides iom twpit ri@seicsiednis
eration unit 35, Fig. 16 is a flowhart

t
10 o RARP T hE eI o208 t SRl L BATEIEp tHeady iosiidce-to-slice

codi.

.37 diate
ot BL RN ERE T epEH 7, 5RABECH G nard YnBtEC ccoding is
Emcﬂémd%%}@dg¥aéhr%ﬁt fully exploited in a case where

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

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

Fig. 15 shows an internal construction of the
arithmefic coding unit 6 according to the second

20 embodiment.

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

25 generation unit 30 delivers a context model status
39 to be multiplexed into a slice header to the
transmission unit generation unit 35.

Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit 6 of Fig.

30 15.




enbodi nent is that the context nodel status 39 that

occurs in the process of step ST3 for generating 5 the
probability of occurrence of 0/13ffor each bin, i.e.

the learning status 39 that occurs in the probability
generation unit 30 as it updates the variation of
probabi | | & eshnfdi@tely appeeciabllel difference from the
nulthplexed into the slice header in the 10 header

conStPHERBF throteEd o st @paSER THA ngietor tare mifdst b

SRR, 2 o e BT AT 55 cnae
! ! b ! A . |

ThepRurs ! 8 And VBrRLSR lo 5 18 LU (885 FH fedarating

Fi gch&7 g i I ' i
S SEhd B RN Pey2 OEEL LR BN R Sach b,

cont eatl. roiel lleetrning E€a¥us393YSivatl Becdés 3t the
Fig. 17 shows a case where there are a total "of n
ma@obbadkElitya ¢éhetrraanbonsUMNtUBid .ad iWNGpWlates the
nmodel ctx used only once is defined for each
madidBhiLadid and ofhep pobiadhi 1 ity iesttimatei dn a context
macr obl ock fo macrobl ock. 25 The context nodel status

39 MW Aer ek bhPLleXedndmtai bheuslice theadew in the

t i SSi it. Thi that the final stat
10 o PETRRE) TRROHRRCRIRR (BACRERS of SRR FE hhdan Ghe

e IR B TR

(oSBT, Dnehiddh PR Shels i fa¥on

0, uhiith, in a similar configuration as the register
value that occurs in the binary arithmetic coding

15 process of step ST4.

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

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

25 The context model status 39 is inherited from
4 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 eqgual to the
initial status of ctx in the k+lth transmission

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



1

ctxk(n-1). The transm ssion unit generation unit 35

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

in the header of the k+lth transmd&sion unit. Fig. 18
illustrates a bit stream generated by the arithnetic

coding unit 6 acgg{ding to the second enbodinent. In

t he Sechnd rendb#i mehp - Lt kels| iloe Dedderméde ti® bke equal to
comar,essed vi deq _slice data has infornation )

i ndi¢ati B aRbadritekt PRodeP SfateRcyrrercepakeding in

sli ched thereto, in addition to, the slice . )

st a RS 1l PG eanBalia s 1rdy GRdt RfPAARsPn unit 35
regi I di .t : [ di pen K

Shoun Tas it Bat ChRUsdat Bd ARE S AERE TR bt (n-1)
$he igpcORd HERQANTRIE . tihe k9 r%%i:ﬁﬁié%%rﬂa?(nit.

i nclude an indication of whether the context node

status isFingltigl expUnet@tesi M agdit! iPPre@mgenerated by
i ndi cati on of 20 whether the initial register value is

mul tihe exedthomehdc doflliagy obhdt tdhaaciderdigicstes the

reset flag may indicate whether the context node

st af&£9’d gmhedimenter not. 25 Fig. 18 shows the
slice header data and the conmpressed video slice data
bei ng mul £PpIRBdSiERINY; fnRaAd MRt iy S1ice header for

t Lt B b i the firer | |
O e ibhede FHA80 Fliics" data,Bas, infprmag ion
tigs Dt & f j t j ssi d
DhothBlie Bt bnl (CRE Unflyrs Modkt [ERATES. 8%, Yie
i nf preetd PIngelLl 1000 4 PLhbhe §OLHESPRRS NG & bR ition to

header dat a.
the slice start code, the register reset flag and

the initial register value according to the first

15 embodiment shown in Fig. 10.

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

multiplexed or not, in addition to an indication of

20 whether the initial register value is multiplexed

25

30

or not.

A flag 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
Ithe 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



Fig. 19 shows an internal construction of the
arithmetic decoding unit 27 according to the second 5
enbodi nent. A difference between the arithmetic
decodi ng unit 27 according to the $2cond enbodi nent
and the arithmetic decoding unit 27 according to the

first enbodi nent shown in Fig. 13 is that the - '
trandtiSFJedinkhederbai AP i AndiorPa&dion wmafegrimg to the

f ith L¢c. d I, it . di h

cecof P EHBSATALIGI T hor { HE 60 ofe Yhdel st atus

39 f he i di ' ' [.tipl d., .

“nto the nEAdtr g chioBedl MheeEBR L i Bifotign of tne
SOtQ%ﬁﬁﬁﬁe%¥5e&%dgﬁfhdﬁ@hiiL?é'%ﬁ?éga}ﬂé P%he second

the i medi ately precedi ng “slice.

6l ovehdvdd sheH g A RIPE¢eTrenllel BERddInt the arithmetic
arithnmetic decoding unit 27 of Fig.. 19. A difference

bet wdecddibntyl awehar €70k cbicord28g 2oanthé hgle®dnl Embodiment
14 is that, in step ST10 for transm ssion unit

decoaindg tilnet iaat iz hmiedni ct ke codritrext umide| 2§t sdoso03ing to
restored fromthe slice header is output to the

proceBe Fixse&p emborgimendneghowny ihe Fok@baliil i i¢ dfhat the
occurrence of 0/1 for 25 each bin by referring to the

comE&?Wﬁﬁkﬁs%RReFH%Eddﬁ?%ﬂéﬂﬁﬂﬁPiﬂ%ﬁéém%&ion unit 37
1020k K% B LR L 9gE RT3 5 Sacorddng to the
o OBOELH AN St 0 Perk) dAel U UL Bbiet stavus
ggngﬁﬁﬁgggeﬁggggf gaglellgglys'gafé&“ee@ﬁﬁfg'é‘i&%@cﬁﬁltiplexed
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 Fig.
1.
A difference between  the flowchart of Fig. 20
20 and that of Fig. 14 is that, in step ST10 for
transm;ss;on‘unit decoding initialization, the
context model status 39 restored from the slice
header is output to the process of step‘STS for
generating the'probébility of occurrence of 0/1 for
25 each bin by'referring to the context model ,
determined in step STl. The context model status 39
output to step ST3 is used to generate the ‘
probabiiity of occurrence of 0/1 in the probability_?

generation unit 30.

If the number of context models is extremely




headers. In this case, context nodels providing

significant contribution to the coding efficiency 5

may be sel ected so that the associélted status is

mul ti pl exed. For exanple, notion vectors and

orthqogonal- transform coefficient data represent a

| ar gdaLRBeri FRYEYEN effi theogont estumodel ratatme in the
10 st i nherjted for these context nodels

) b
onl y S iR { RRASprL N bXOIRARE AR QNEINERE dauses by slice
is i ' b licitl] [ tipl d .int bit. ..
(£ LR TSR EUALRR g Be8Wsasng
| nhekijtts £96 4 APOLIAHY r §BUEXS nM™ds! £k éggqhqg&sngmciency
the ocal condition that occurs in ~video. een

descibiethea@@Ol dbR@d Osbhe 15£E0RG e CHRAH MBRed Oktatus is
transm ssion of conpressed video data in transm ssion :

uni t mp ltthiep 3 leixoed header data 20 has the register flag,
the initial register value 34 and the context node
status i nfEornteévampte achext { bear stectoims i antd adrthogonal
register flag designating whether the register value
i ndi ERAMREPRE L0 erieks teaddi dgtpr ccepsazenssat barge
nd . 25 t.he gﬁntext nodel status infornation
c

[ BEETAL B i CORPeARhig8 SORRAS oFOlfme 50 that the
1STTEEARYY B e bl S doER Bbke | fghtent modens
CORGI.Y hel g £ ELCRU MR BEACHGE Biion ono
[Fe/4eas LoolPREFS00, by ShECiExpL RCay L Liplexee
into a bit stream so that the status may be
selectively inherited for important context models
15 depending on the local condition that occurs in
video.
| As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data
20 has the register flag, the initial register value
34 and the context model status information |
attached thereto, the initial register flag
designating whether the register value indicating
the arithmetic coding process is reset or not, and
25 the context model status information indicating the
context model status of the immediately preceding
slice. Accordingly, it is possible to perform
coding without losing the continuity of the

arithmetic coding process. The coding efficiency is

30 maintained, while the resilience to transmission




assuned as a transm ssion unit. Alternatively, the

present invention is equally applicable to a 5

configuration in which a video fuane is a

transm ssion unit. In the second enbodi nment,

information indicating the context nodel status of

t heerinomsli dsel impreceeldng slice is attached to a 10

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

when bl ocknC tdh@ maﬁmné|awh@ﬂmmﬁytpr@xﬂlm$ebS@@@cture is
C are loca éed in different, sljces, the c
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whi ch the transmssion unit 1s co IS a

cont ¥ @hlsafi §8GMbn hah itthe slice-to-slice
i nt erdependence is not disregarded but the context 20

nmodel stalmstfhos seedndedntedYmyreepdiingf Srimcerion
fully exploited in a case where the probability of

| oskndficat i gddt hedo® nvextamsoiedi ontatnos soifs the
extrenely |l ow. The context nodel status for the

|m1’éHP89é4%/tﬁlléfcemﬁgesdma issl hee sedagtpehedsto a

ce-to-slice t erdependence i s di sregarded in
ca&aﬁﬁgﬁ}thg &babi 99&0#%53HﬁfggﬁkyﬂaF£|%19- 8,

r Foal vligh Rk oot RIREE iRl F ey preceatng

oS ok p EERCAY, L1108 SR URE LEKS ene coding

sl ieqef 1 6 idn@ghdds | Impadveli ach PEAY on@f’éjb!i.'lq_rty
adaptation using context models, by exploiting the
context model status of block B in determining the
probability for block C. The codihg efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
model status for the immediately preceding slice is
fully exploited in a case 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
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to the register reset flag and the initial register

val ue according to the first enbodinent. 5

Alternatively, the register reset2flag and the

initial register value according to the first

enbodi mrent may be omtted so that only the

i nfBedali Gt ahdiscaf omg datea cdm exhendaehedtiztuslyorpreceding

data in the inmmediately preceding slice is attached 10
in Thifiss|iteahdAehe Alltlérﬁéﬁl'\/efﬁitlocﬁheh@érﬁ%&t in addition

|rreéépggtaelt\ﬁeég%lhg%stégeﬁggﬂ%té%‘)dr2&? il ég\éhtdjegewﬁter
EndraDub! Aol GPUNEL YA 48060 D0 s.,%anéggg%

enbodi nent ar e prov S0 t onIy
et FQa h&nd the

cont ext nodel tus 1's not reset, thg
i ndircbtiag thegi@iext vades slcateBafior @Iata;ﬁ@ Efﬁst

i mredi ately preceding slice is attache for use in
decmbhogimzh Thnay cevbodimetted Eschhut conily bBhe be

given of the third enbodiment in which transm ssion

unilif @¥matdongt daed boasdovy dihe tooatdat model status for
partitioning format 25 ,in which coding data_are

gr @F ABcHhendmmediagaly  precedd nakafpice is attached

explai ned. below i s .t aken fro Wor ki nq Dr ft Nunber 2,
10 E @ 8 &y context
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F%V|$() Ch SAACR) iga P&“ $QE% t
® of I EC
on BB (e b iPs TR LRI (Rdd Hhd aéigmxt
. tﬁﬂ‘&voidédsﬁeﬁtéb‘bédéﬁv%s of heife @he rMach 8PLACKSslter reset
a slice structure as shown
flag and the initial register value according to
the first embodiment are provided, so that only
when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for

data in the immediately preceding slice is attached

for use in decoding.

Third embodiment

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

The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-Bl18r3 for
a video coding scheme discussed in Joint Video Team

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



in Fig. 9, are grouped. The resultant data unit is

transmtted in the formof slice data. The slice 5

data (data unit) constructed by dgB8ouping is of one of

data types 0-7 such as those shown bel ow, for

exanpl e., 0 TYPE HEADER picture (franme) or slice header

10 TS RBSEATERYARY 0BRGGk hBeler Offermpecific type as
( codi information) 2 TYPE_MD notion vector 3
TYPEE%%Iémcgge( %958&’&%%Fﬁog’o‘haﬁ trleh@roshructure as shown

coef hi gijgnt patt rapl g 15 4 TYPE 2x2DC L
orthogonla t?énsﬁ‘?md(:}o%?ﬁﬁgi‘enfgéat%es? fagit data unit is
TYPEL @At Yt edl hpgorge t efficignt. dgta ;

(2) 6 TYPE_COEFF C ort eoggﬁgﬁ ?égqn%fg‘o’ifén#cggfqﬁm g‘&’te slice
520 data ((Fa¥aTHHEEPS s 0wt £ 8AMH-PeRtinfi i 0

i nformati on For exa(r)zgl e, a slice gf Hagtgkpydpéfégoﬁs of one
TYRE. MIBtis typesni0tad saschl iaee €Rba d Ns Wbkl BES AP, for
coll ected as many notion vector information itens as

t hét%AB|Pd &mcrobl ocks fitting into a slice.

Accordi ngly, when the k+lth slice of a type TYPE MD

is subject to decoding following the kth slice of a

type ly the context nodel 30 status for
n%t%i é‘?gga%”ggcym?ﬁ&rﬁ { R& R 0P 48 Lijge khpader

10 slijc u I} i xed 1 nt header ,of the
e by B Ea bR | Ra B R B haRE ST i RsamRatdon

al fewd hrgca sl (RS g2 HLRY Status for
arithnmetic coding of notion veCtors to be

2 TYPE_MVD motion vector

3 TYPE_CBP CBP (non-zero orthogonal transform

coefficient pattern in macroblock)

15 4 TYPE_2x2DC orthogonal transform coefficient data

20
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(1)

5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)

6 TYPE_COEFF_C orthogonal transform coefficient
data (3)

7 TYPE_EOS end of stream identification information

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

Accordingly, when the k+1th slice of a type
TYPE_MVD is subject to decoding following the kth
slice of a type TYPE MVD, only the context model

gtatus for motion vectors occurring at the end of




5 inherited. Fig. 21 shows an exanple of bit stream
generated by the arithnetic coding unit 6 according
to the third enbodinent. Referrin§4to Fig. 21, when
noti on vectors are collected to construct slice 10

d ' ype 2.0r TYPE MD, .the slice head
hgtsa%?tgag%edt ?hltel%/c‘g osg%;‘f}ge%ﬁ ﬂ?lﬁeggg]atggtgp% header
I D [ [ m | t )
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t r arfsd Or enrcioet fniedi jant codpi Bg( f Gho® i W E¥RD PsO% o be

TYPE COEFF Y are collected to construct slice data,

The ifhesiteedler has attached thereto a slice start

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

context ndded - StlatiRowEseanf lexpmpd e dhHrbitti st ream
indicating.the  context nodel status for orthogona

trafs ‘?ﬁwgt&’fgfwcité}ﬁ &%t BBelrk¢ ngoidingeunit 6 according
[ j y ed] l.ice. 25 Fig. 21 shows the

o1 8 nebbort HEFa AR AdniEator Kelarakas obongris - 21, when
mul fo B K d vidt O 1-RE ' re Alternatively, _ .

Ogg éﬁge%%élggﬁ?igkpnﬁfgﬁ Fufh slice

the slice header data my

10bi t datreead®f of @hEhi Rey pbr aNsgiLsy ?ﬁgrﬁe{]gtps slice header

conpressed data nay have 30 attache
i nfbasatd thacded r thesetbhea 451 i¢¥ ' 88AI F8ad | C8 data
header data. Referring to Fig. 15, the arithnetic
codt¥ge vkt desstgoadiimgt TYME MVID d anbediterit isodel
i mpl enent ed such that the transnm ssion unit
status reset flag and information indicating 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 far 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




5 generation unit 35 reconstructs macrobl ock data in

a slice in accordance with the data partitioning rule
descri bed above, so that the 1D i nf®rmation
designating the data type and the context node

| ear nk espQnding to,the data type are 10
collmnggggggﬁﬁgy%agggﬁ%f PAYRTt §3%y: 19, the
arithnmetic gegadi uRiLt accpg di to_the third .
enbodi ment s iﬁ}ﬁﬂeﬁﬁxféaéh ét%ﬁ%ra§éaqmﬁﬁﬁf coding
decodimit & LOabedinglel tenke wUsedd efEbYTHIRL Ws
allowing 15 the transnission unit decoding

i ni til@pkament edi sudh thawt the tHe ek €86 iehnit
determ nation unit 28 of the data type ID nultiplexed

iht 0 XL EAItdeO Nhuader , 3 Snd- ¢ bo neant et sToASE IR B data in

statusﬁ%ﬁ,is j nherited across bounds of slices by
al | ofti fy-1F€& 20t pEFHaNGE d€dddi nghienidathi zeTbitioning

uni t o, nhotify the probability generation unit 30
of tﬁgaéoﬂ?g rﬁ%&& q@%Yﬁwmsgt&hBF Ah&aEDhdgnformation
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S onar adEiNg PR AR kbR, FRYGRRF nyonbeRe model
signal i<’ SUGject F5%29 26iproXBFof B 9

or edbtorm nad daae s PR SadiHe T o ERET itk A type are

100 tbelilreamsadssi®nsifidei 8atithmetically coded such
that coding is continued 30 across bounds of

transm ssideferit inhy tohphigJ ng9 ,4&héngeddhffetic decoding
resetting, the synmbol occurrence probability |earning

st atiRifr & t Aecsordiog toamdre sthdrdnembddfment is
grouped. according to the data type. Accordingly, a
higﬁwﬁbﬁggQﬁegwqﬁch that, for arithmetic decoding, a

context model to be used is determined by allowing

15 the transmission unit decoding initialization unit
37 to notify the context model determinétidn.unit
28 qf the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the

20 transmission decoding initialization unit 37 to
notify the probability generation unit 30 of the
context model learning status.

As has been described, according to the third

embodiment, a video signal is subject to

25 compression coding by being divided into
transmission units grouped according to
predetermined data types. The video signal
belonging to the transmission unit is
arithmetically coded such that coding is continued

30 across bounds of transmission units by inheriting,




5 resilience is ensured and the coding efficiency of
arithnmetic coding is inproved in a configuration in
whi ch data are grouped accordi ng46o predeterm ned

data types. Wiile the third enbodi nent assunes t hat

slice 0 Structures are organi zed according to a data
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Alternatively, 20 in a simlar configuration as

bi tasitéaetiat aod hngorih ngmipr dedserpnd FBWELGRFation in

shown in Fig. 18, the header of slice data for a

gi vehiaht dlatpe any ghonp edt achedrdim @t toa pratiedermined
status reset flag and information indicating

nodgl
théﬁ%Bﬂt&MPﬁédel 25 status of data in the i mediately
is.off, in addition to

s L RN ME R R
10} a8 S MRS o 5 o
) e sibhe S0P 1Y SlabiCladdl 140 Mo ve
userigandeeeri 86cdrd £agedid Ve favheidiglelhe register
reset flag and the initial register value are
providedIn 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 dttached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
Preceding slice when the flag is off. Alternatively,
20 in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model
25 status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

30 the context model status of data in the immediately




51n the first through third enbodi mrents, video data

is given as an exanple of digital signals. The

present invention is equally appl4table to digita

signals for audio, digital signals for sill pictures,

di gi ignals f.or texts and nultimedia 10 digital
sigziécﬁé%ﬁycﬁ%*%%eléwﬁ%WQMﬁ ahtaashedr fiomndse in
sec@ul sAlqHL me lji,ce _is given as an exanpl e of

digital signal a#a%%%gs?sﬁlo‘ﬁeuﬁi WhEthRL ( kihg register
enbad S8t f 193 gt BH P E RS 1,4 const.ructed

according to dat a 15%2% ?Iq?%ﬁf'tr?glf P9It T ekt iyt wgt &re

in prdvidedaccording to a data type, is given as an

exanple. Alternatively, an inage (picture)

Yonstruct 8@ frben fApstrallitough Hheed dmBodiefeY . video
frage, may be a transm ssion unit. The present !

i nv ﬁEQHﬂﬁlQ}Yend§sxhanaxnmpda!@ﬂ digighd’ &Egnals. The
Sys gw% In this case, a storage unit, instead of a

tra %sﬁﬁBn%ﬂﬁ?nﬁ&P&mlsc@ﬁ#ﬂ&@xﬂapp&iﬁﬁﬁmﬁ_to digital
APPH.&%H;T o LS has b‘ien described, a digital

si gnaP codr nd °Tppifds 9dgdtirdg stigrpd sorfeantsill

used far_ transni ssion of a
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a conpression-coded digital signgﬁréﬁgPagﬁgﬁ%%’ d slice
pr édet @t NieTedaaniars, examplei oE adi @ﬁ&ﬂegfhﬂgﬁomr@

unit for decoding said conpressed digital signa

r elHARAMIE PR prvdibterdm netieunt hird vbabRidiment, a

transmission unit, constructed according to data

15 partitioning for collecting data in a slice

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

transmission unit. The present invention also finds

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

25

30

storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

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

arithmetic coding is improved.




said received digital signal is coded in every said
predeterm ned units with wupdating a table of
probability of occurrence which is assigned for each
codi ng synbol, and wherein $id arithmetic decoding
unit initializes a decoding g ocess when decodi ng of
signal in said predetermned units is started, based
on information of initializing said table of
probability of occurrence which is nultiplexed on a
header of data for said predeterm ned units. 2. A
chigital decoding nethod for receiving and decoding a
~conpression-coded digital signal, conprising:
recei ving said received conpressed digital signal in
predeterm ned units, wherein said received digital

1Si g nﬁldl %1?&1] Cci%?gtﬂlng %Bgéfrglg%bfﬁg 'rffcefr 5 dgt & d&oraelg%g r(]:!:)xt\',lﬁ)re\:@ﬁllon coded

updat n occurr
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whékesai d predetern1ned units is started, based on
information of initializing said table of probability

of OGRH IRV dY?lt&ihmEﬁagmél ddaRl G el e s@idNerRAGEmAhed Andts with
for said predeferm fed units.
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.

2. A digital decoding method for receiving and decoding a
compression-coded digital signal, comprising:

receiving said received compressed digital signal in 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

decoding said compressed digital signal received in said predetermined units,
wherein said decoding step 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,



