1 SPECI FI CATI ON DI G TAL SI GNAL CODI NG APPARATUS

DI G TAL SI GNAL DECODI NG APPARATUS, DI G TAL SI GNAL
ARI THVETI C 5 CODI NG METHOD AND DI G TAL SI GNAL

ARI THVETI C  DECODI NG METHOD TECHNI CAL FI ELD The
present invention relates §PEEQIFDIATIIONO- ; signal
codi ng apparatus, a digital signal decoding
apparatus, a digital signal arithmetic coding nethod
and a digital signal arithnmetic decoding nethod used
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per dEﬁ? gl vidual infornmation synbols are
regsggen eg as individual codewords. Optinmum

perfornance is not, however, guaranteed when a signa

such as a video signal exhibits |ocalized 25 variation

so N bheapr obakir)p ty of appearance of infornmation
synbols varies. Arithnetic coding is proposed as a _
met hod th@he goiapsemiyndmvcahktjicdn rkd grebabiciay doigital
appearance of individual information synbols and is
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a single 2 codeword.
apparatus, a digital signal arithmetic coding
method and a digital signal arithmetic decoding
method used for video compression coding and
compressed video data transmission.
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BACKGROUND ART

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

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

25 wvariation so that the probability of appearance of
iﬁformation symbols varies.

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

30 representing a piurality of symbols as a single




The concept behind arithnetic coding will be outlined

by referring to Mark Nelson, "Arijhnmetic Coding +
Statistical Mddeling = Data Conpression 5 Part 1 -
Arithnetic Coding", Dr. Dobb's Journal, February
199koddéwbga@ssuned that an information source

generates information synbols conprising al phabets

and a mesgage ¢BhldesATE®hiadardt bohimetal ty candledg Mill be
The probability of appearance of individua
chapcadtkiseids kigf recde ay ishpwhoi Marly. Nelsen, “"Arithmetic
indicated in a colum "RANGE" of Fig. 1, portions of i
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subsequently, the range (0.27 0.3) identified in the

progesx Whetddt #Y1yB'cba8e®garded as a new segnent
[0, 1) so that a sub-segnent (0.5, 25 0.6) is
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is a process of successivel boundi ng rages on the
pr oBRAGN ¢ { eirishel sRaprbl tAS Floewds prFlge 1. As
characters, the, result_of arithnetic coding of "BlILL
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are uniquely established for respective characters.

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

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

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

represented as a Low value "0.2572167752" of a



conpl eted. A decoding process is an inverse of the
coding - process. 5 First, the coding result
"0.2572167752" is exam ned to detderm ne a range on
the probability line in which the result lies and
determne a character assigned to the range. In this
caséeqnbentegﬁtgr'sthelo:cr enehf0&r thae et eal (ES" is
for-"B" js subtracted fromthe result and the
restiPfdntet@de is divided by the magnitude of the
range of "B" roduci ng "0.572167752". ,Thi s_enabl
us 1o estodecBRiRg, PEASREGLFo AThe LONERE QESthe coding
% IQE 5 process is repeated until "BILL GATES" is
res ore y decoding By perform ng an arithnetic
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and decodi ng so that heavy conputational load is

I npoBad.acbese ps slilggnadars atltreessatidy. 23n this case, we
fl oati ng-poi nt deci mal conputation using, for

codegBt@ repi"dsent ati on, registers of an integer

type. The Low value is approximted by a power of 2
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hi ft gperatlons 30 Il deall arithnetjc codi

ac i BERG T bethet BBV he RATRMTodaPrbcEle drppra$ant value

entyoPY 3 f%g%eyapgﬁhtﬁagnltude of the range of "B",

producing “0.572167752”. This enables us to restore
"y correspdnding to the segment [0.5, 0.6).;The
process is repeated until “BILL GATES" is restored
by decoding.

By performing an arithmetic coding as 7
described above, a message of extreme length could
be mapped onto a single codeword. In actual
implémenﬁation, it is impossible to operate with
infinite decimal precision. Mbreover;
multiplication and division are hecessary for
coding and decoding so that héavy computational
load is imposed. These problems are addressed by

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

~type. The : Low value is

approximated by a power of 2 so thét‘multipliqation.

and division aré replaced'by shift operations.

Ideally, arithmetic coding according to the above-
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the probability of occurrence of information synbols.
More specifically, when the probgbility of occurrence
vari es dynam cally, the coding 5 efficiency higher
than that of Huffman coding is available by tracing
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probability of ocCurrence of earlier synbols should
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code. As a result, the coding efficiency nmay suffer
pridescqa idndd subsequentath tthidsospensinen.igndtineided into
problemto be addressed is that, when an arithmetic
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uni tSSERGREOTAZ phiRd HACF rOF PP ¥dikh
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15 occurring in an entropy-coded video signal due to
transmission errors.

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

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

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

30 the frame has to be divided into small units such
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packet cannot take place wi thout the imrediately
precedi ng packet data so that significant adverse
effects on video quality result en a transm ssion 5
error or a packet loss due to a delay occurs. The
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The present invention has a further objective of
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arithnmetic codi ng status, occurring when a
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mul tipl exed into data constituting a subsequent 6 . .

transm ssThe PpreseAt einxEineion hpsoBabiurtiey objective

occurrence of coding synbols may be deternuyed,
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.

PISCLOSURE OF THE INVENTION

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

multiplexed into data constituting a subsequent



based on dependence of the digital signal coded on
the signal included in one or a plurality of 5

adj acent transm ssion units, the probability of
occurrence may be | earned by counting a frequency of
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arithmetic coding 15 status or the synbol probability
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occurrence used in decoding the transm ssion unit nay

be subidéeqhierad wham gieded Dgnofumitransm ssion unit

Is started, based on information nultiplexed into
data:ﬂ)cﬁmﬂhtuhum}thﬁtxangﬂ%sibdaHWQ gwntinue coding

representin a synbol occurrence probability
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r R h
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15 status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result.

In accordance with a digital signal decoding

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

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

30 constituting the transmission unit and representing



may be decoded, by determ ning a probability of

occurrence of restored synbol s, sed on dependence 5
of the digital signal decoded on the signal included
in one or a plurality of adjacent transm ssion units,
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characters when a phrase "BILL GATES" is
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coding result when the phra " Bl GATES"
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shows an internal construction o 30 arithnetic

codtbd iyt a6 rids & Bowdnd8 dJfgtransmd &fd bwmharnits, by
show ng processes performed by the arithnetic coding
uni inbeofi€igg 5. instead 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.



Fig. 7 illustrates a concept of a context nodel. 5
Fig. 8 illustrates an exanple of gontext nodel for a
notion vector. Fig. 9 shows a slicCe structure. Fig. 10
shows an exanple of bit stream generated by the

ari thiret | g Codi gg 491 § %5&9;%;@&1%%3{ Wocesses

exanpl e o f{ stream genera e ari

codipir Birindd  biyd. t 18 Sovenaal Per Lodinye @rﬁigits of Fig. 5.

-t
streéam generateggby the arithnetic coding unit
Fig. 13 slvg. an i1 eaealr £088t rdickbarc®ptant 19 context
arithnetic decoding unit 27 of Fig. 4. Fig. 14 is a
fl owedded .of processes performed by the arithnetic
decoding unit 27 of Fig. 13. Fig. 15 shows an
I nternal &orstr Bctibhusft nhbesr iahnexampde mgf uapmteext model
accarding to a second 20 enbodi nent of the present
i nvéy of. M tylong Y&chomowchart showi ng processes
performed_hy theg arithnmetic_cqoding unit 6 of Fig. 15.
Fig. 17 | FIRtr S GMAWEor eXE LR RAFHRRS - 25

status. F'F%_yg 181%h$§|"$%€}@: %ﬁ”@éﬁ,,{f{,l@ tcngt L3gm stréaam

generated by’ t hé a metic codi ng-unit accordrn

to L segerh WQW@nErf%ﬁmegﬁéhQW%ﬁﬁaiWﬁﬁ@a$.

construction of the 30 arithnmetic deco unit 2
~laccor di ngrtigy | he 1seowods9 awoRed FeBkaple HYFiBid ‘stream -
fl omchart showi ng processes
generated by the arithmetic coding unit 6.
Fig. 12 shows another example of bit stream
generated by the arithmetic coding unit 6.
Fig. 13 shows an internal construction of an
15 arithmetic decoding unit 27 of Fig. 4.
Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.
Fig. 15 shows an internal construction of the
arithmetic coding unit 6 according to a second
20 embodiment of the present invention.
7 Fig. 16 is a flowchart showing processes
performed by the arithmetic coding unit 6 of Fig.
15.
Fig. 17 illustrates a context model learning
25 status.
Fig. 18 shows an example of bit stream
generated by the arithmetic coding unit 6 according
to the second embodiment.

Fig. 19 shows an internal construction of the

30 arithmetic decoding unit 27 according to the second
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performed by the arithnmetic decoding unit 27 of Fig.

19. 5 Fig. 21 shows an exanple ofgbit stream

generated by the arithmetic coding unit 6 according

to a third enbodi nent of the present invention. BEST
MODEmi S CARRY NG OUT THE | NVENTI ON 10 Herei nafter,

details of the invention will be explained by

descri bi ngitge bestigrode fllaswedayt N§hdwinigherocesses
invention with reference to the attached draw ngs.

Fi r perdivbonienenty 15 e f arsitt lembadicredecaddiheg present27 of Fig.
invention is presented using an exanple, disclosed in

D. Mirpe et al. "Video Conpression using

Cont ext - Based Adaptive Arithnetic Coding", .
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25 Fig. 3 shows a construction of a video coding

apparatus (digital signal coding apparatus) according
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macrobl ocks of an input video signal 1, using a 10
refefBAcd Radgd ¥y desrawibdrg fthee heatr yndde Aor carrying

noti on %gngensation.unit 7 constructs a tenporal
pr édi tt gy bSO B thhe fbEIINGEctl? Hhe 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*, Intermational
Conference on Image Processing 2001, in which
arithmetic coding is applied to a video coding
scheme where a square area of 16 x 16 pixels
(hereinafter, referred to as a macroblock) produced
by uniformly dividing a video frame is a coding
unit.

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

macroblocks of an input video signal 1, using a



extracted by the notion estimation unit 2. A5

subtractor 51 determ nes a differ%pce bet ween t he

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

outputs the difference as an tenporal prediction
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prediction fromspatially neighboring areas in a
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12 selects a node capable of coding a target
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information 13, the node sel ected by the code node

et enthnacdp rufilt detiegimynese afda fifikrence between the
conpensation node for coding the tenporal prediction

err sRRY HnFidecy signp Indded g Bheabr shérd atheimage 8 and
notion vector, 5 is 20 _zero and the tenporal prediction |
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node f cqdi h spatial prediction error signa
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guanti zation unit 16 quantizes the orthogona

trapsieat v tdefii eradr datigymalh 1d geanwlaekihy a prediction

i ndicated by a quantization step paranmeter 23 30

det érgimetipyt Batdyi medghborliag 22redls An invegiven video

quanti zation unit 18 subjects orthogonal_ transform

coefFAfi®nt Adtadindupde desmumbngidRnzambh 4 tselects

165“%%&gecgfgg gﬁg¥ coding a target macroblock most
efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector 5 is
zero and the temporal prediction error signal 9 has
a null component, and an intra mode for coding the
spatial prediction error signal 11.

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

determined by a coding controller 22.



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

i nverse orthogonal transformunit, 19 subjects the

ort hogonal transform coefficient ta subjected to

i nverse quantization by the inverse quantization unit
18. A swi tchi 1.5 ts for oy the .
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53 addbi¢htealtpyt tShgnaudnotzidieidh swtéphipwrandter 23. An
52 to the output signal fromthe inverse orthogona

uni -n¥e BPea rohggenatle tar ahsda ruecadet ilfageubliects the
and stores the locally decoded inmage 21 in the frane
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configuration showing a video 12 decoding apparatus

(di gFc@rdaped Wédddi hhe appdiatushodecoidifeymattilon 13
first enbodinment of the present invention. Referring

to FREPYLE from the coding mode determination unit 12.

15

20

25

30

An adder 53 adds the output signal from the
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.

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
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.

Fig. 4 shows a configuration showing a video



arithnetic coding unit 27 perfornms entropy decoding 5
So as to restore paraneters including the notion
vector 5, the coding node informataz on 13, the spatial
predi ction node 14, the orthogonal coefficient data
17 and the quantization step paraneter 23. The

I nvéeso diLaRt izeh aem tist (18140 tsab) ecignalle decoding
ort hogonal coefficient data 17 and the quantization
st epppaatuer) 28ccestdiad byot Heheafiitthsbt iemmidedddiagt of the
unit 2-7 to inverse quantization. The inverse

or thE§SRN tt Ariseothamr t iDL eylyjdekds tQ hBiG t hdgordl
transform-coefficient data 17 and 15 the quanti zation

st epf patHMREC BOHRNT | Hoekke 2 IqURRFIERTMEo §RFECRY decoding
ort hogonal _transform The notion conpensati.qn uni

S et a8 (FE HSRUBES PROdRESR T Tmas Bl §eime fbe motion
oni VEB5EE 85 ShETTAEEg o gs %#?%@%?éﬁf@?g‘?’?h‘éhe |
o oth o s g et Fo By T ST e gk o sonal

decodlefE 1Pi bnd/ At § $hidWdUkiHe Squst €eat 06n step

output the tenporal predicted image 8 or the spatia
pregachettdy i2myeTHe i Anacsps@angeantiiz e cedumgit 18

node information 13 restored by the arithnetic

l10decubigctuni thay. oAt lemldem &b addsf fhic jpepdi cdadta 17 and the

error signal output fromthe inverse orthogona
trais@pthzahiionosten hpadamat e ghdl ¥esmamed by the
switching 30, unit 54 so as to, output a decoded i mage

21 2aThEhet §ec dr@oriRe M0 is ‘%ré&ihHHQF%ﬁequa“tization-
as to be used .t enerate a

i o e e B R L BBt Tat "t O A B RE Tiabd Sabiects
the orthogonal transform coefficient data 17 and
15 the quantization step parameter'23 thus inverse--
quantizea to inverse orthogonal transform.
The motion compensation unit 7 restores the
temporal predictea image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. A
20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
14,rest§red by the arithmetic decoding unit 27.
A switching unit754 selects for output the
temporal predicted 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 transform
unit 19 to the output signal from the switching

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



A description wll now be given of the 5 operation
according to the first enbodinent. First, the
operation of the video coding apgaratus and the video
decodi ng apparatus will be outlined. (1) Qutline of
the operation of the video 10 coding apparatus The
i npdeqadgd simage 21 sisnprutomedinins of £ rame obescksy 3b so
derived fromdivision of individual video franes.: The
not B&n &3t PRatd 88 durki @ gegierpd e 3 ded &difhgd image for a
app rat S gs?{nates t he nDtlﬁn vector, 15 5 for 23

t'he

mac 6151 %k sn‘aqflﬁé“fef:é)r erRE HRGRIFT SIBAGE |
fram ey Jgc T PRk G0, SMEIATUON WUy Toc  che

constructs t pre |cted i mage based on

5t heo'ﬁgfé’f‘lo‘fﬁcéebo@d‘@ﬁget@c? o Of‘l‘ie.i@ckh%a*ﬂhﬂer?t

extracts 20 the notion ctor 5. The subtractor

receives Fiadeppanad oplesth€tieth Iange;tsefmrﬁébecodlng
noti on conpensation unit 7 and determ nes a

di f appacathet weed titeei rpldeoi mEgeodiignpl appewaties will be
tenporal predicted i mage 8. 25 The subtractor 51 then
outﬁuﬂgdtMQddlfference the tenporal prediction error
signal 9, to the coding node determnation unit 12.
TmaspM|éﬂ mQMFéﬁQﬂ gfi tthea aReERS k@nt L thEutvideo

nal. .1 so as to generate the spatial 30

V|deo

prea dfjfg% glprpoqrg élnﬁal 11 by making a prediction 14

from spathld ¥ hb a

frane. Thgﬁcodlﬂgluq' dﬂlég%e ég%ﬂ%%nau%%’ %é‘ ‘gfecltns units of
macroblocks derived from division of individual

video frames. The motion estimation unit 2 of the

video coding apparatus estimates the motion vector

15 5 for each macroblock using the reference image 4

20

25

30

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 B8 from the motion compensation unit
7 and determines a difference between the input
image signal 1 and the temporal predicted image 8.
The subtractor 51 then outputs the difference, the
temporal prediction error signal 9, to the coding
mode determination unit 12.

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

prediction error signal 11 by making a prediction



a node capabl e of coding a target macrobl ock nost 5
efficiently and outputs the codi ng node information

13 to the arithmetic coding unit 18 the node selected

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

not i.on conBensation node for cqding the tenporal, ]

pr eGF oM hPatriR 1d¥g e 1gRRP NG RBEAFD $Br 22 Thyen video
whe ahﬂ? notion vector 5 is zero and the tenpora
predictioh error signal 9 has a null conponent, and

an intra 'HB%‘; éSB%%ScﬂﬂSdté‘edé‘E%t' lnaQriec?BCUnO{‘terlgzgrselects

signal 11. en sé I'ng the notion prediction nd

t hea cadidw H%?hﬂ§ékﬁﬁrHHEEﬁS”é”ﬂér%%ﬂ“ﬁﬁ@ﬁbﬁh%ck most
tenporal prediction error signal 9 to"the orthogona

5t r agsffdrdd dAkll Y5229 o stpitst hdle regdiintg @@l ddinformation
When selecting the intra node, the codi ng node

det EBnitmatthe writhhetiputcotihieagpahial P the mode
prediction error signal 11 to the orthogona

tr apsl@afedi bylsthe cedgnamodratdgequivigsatddimgunit 12
When the notion prediction node is selected, the )
mot?8h %P BE s2oRPEL oMy FAPERE HDE LR D eBOdfat foF coding

i1.2 to the arjthnet| di it 6 .25 .
 nt P Rt REPRA L r BGRY LS EAt nfE AHenSdiN Rt S nBaskip mode

10,8 £6LoG asthe hB PREELLOBAOECLE]Ss QU Phbro and

fromthe spatial I'On "uni

arimae'stiecmgeqiartg E@éaﬁce&dﬁfe&wfogiwh rPOWh5€S null

codi ng. 30 The orthogonal transformunit “15 receives
theedhposignal, tall @duihes £ofbae: fFem tdedaedi NEhe spatial

node determination unit 12, subjects the signal to
or tgwgdia t { pansd ororansli gmtaput 3 1t.hevhesuld@becting the
motion prediction mode,.the coding mode
15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding.,.
When selectiné the intra mode, the coding mode
determination unit 12 outputs the spatial
20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.
When the motion prediction mode is selected,
the motion vector 5 is output from the motion
estimation unit 2 to the arithmetic coding unit 6
25 as information that reqguires 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
regquires coding.

30 The orthogonal transform unit 15 receives the



ort hogonal transform coefficient data to the 5

quantlzatlon unit 16. The quantization unit 16

receives the orthogonal transfork coefficient data
fromthe orthogonal transformunit 15 and quanti zes

the _.orthogqnal .transfqorm coeffjcient data with a 10
graﬁd%ﬂ??y%ﬁ1 c&%%u&fq%ecaﬁﬂﬂgzgﬁQ% b&anePéing mode

SO D 0 LR B LA

the co |ng con

SteBﬂEﬁ@?@ﬁalzéraﬁQ H¥ngh%kgﬁé§%%£nera{EQSW%tant

coding rafe and 15 quality is ensure

vol e 1ob godyd 1 heetd walklor e oded (08t @ ier¥ edaith tB8 the
transn1SS|on buffer 24 for transm ssion i s exam ned

fat guedet ezeitneoni nireivaliss so that the quanti zation

step paraneter 23 is adjusted in accordance with 20

t he resi df&le vohamet Rsadfieheuddita dlbatreemdivesnthde
buffer For exa when the residual volunme 25 is

| ar BEL R %ﬁo&ﬁﬂngrﬁﬂ%fpgmePﬁﬁﬂh@lﬁﬁ%edmﬁﬂvén@m the
vol u 25 is relativel smal |, the

(KMPE&GEéS%éfa FOTHT FEE™ UBd thihh 88DsapRdtt iRes the
' T t t
ocob Phd Jab T Y e S SRS AN STty 8k dai 51y
INVOEEEW%IQH@€Y ?Hé@cﬂ@édlg a%%éugl%%?lg%%lon parameter
0 ns

or t hogonal orm coeffici&nt dat 0 i hverse

30 ppadtd ZakinGm &it Iby he har aéwharﬂ Ycbohd £t a¢ Py bhe
16 quantization step paraneter . The inverse

ort hogonaByt ladrlbbwr:lmglnltmel%odubj@cbsndﬁ@o(llltdwg@@mto
transform coefficient data
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 gquantization with the granularity indicated by the




subjected to inverse quantization by the inverse 5

guanti zation unit 18 to inverse ﬁrthogonal transform
The switching unit 52 selects fo 6output the tenpora
predi cted image 8 output fromthe notion conpensation

. ‘ Cal di qi
U e BE 4505 DAL L8lp B! BAELRE WR05S 10 20 oltput
Wth the g‘i’nq'al Ngn {aqs; %9@%198%?1? 5\%3 OEB\OL{ME% 19
codi ng node determ nati on uni . en e codi ng

nmode ub OF BBl 11 13 rvilh §8Les1 t Be a dPELOM RESEEG i O0ent data
node, the switching unit 52 15 selects for output the

t enpatal e ptedi ct €dinwges 8 cﬁuéﬂlﬁtizfé@!ib&lhqafmtim inverse
conpensation unit 7. When the coding node information

313 dmdirchiesttimen i nridc Bde; o t haveant § ehiongt uoigto 1621

sel ects for output the spatial predicted i rage 20

out pERTTF BATthe spatial 20 prediction unit 10a. The

adder 53 adds the output signal fromthe sw_tching
unit 52 tOPEhSWBHEFIRIRIgNAILEr 8 thelechserser output the

I f 1t.19 .
ocarTP 2t THAGS . LRAS Folad§tRd EidbnBy {hggBot Lon
21 bémz;té%ﬂggt'i%ﬁ el @M% QEITOL ¥ 3%@5‘&%&6 ;ISFE%;ie‘E‘ESd image
i mage SO as to be used for fAotiomr prédiction for

10subgequand phitaMBton TR &' sPHBLAE PEAIcH dnBunit 10a, in
subj ects coding data including the notion vector 5,

t heacodirdja node w BOhi Afioe Meld Dng3mdde SpftdAmation 13
predi ction node 14 and 17 the orthogonal transform

coedttpivent fdama tiffet codhnippyodedidgt acaoirmahdam unit 12.
steps described later and outputs the coding result
Wgﬁhﬁgtq%ﬂsmqgﬁ@g mode information 13 indicates the
motion prediction mode, the switching unit 52
selects for output the temporal predicted image 8
output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the
spatial predicted image 20 output from the spatial
prediction unit 10a.

The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to
generate the locally decoded image 21. The locally
decoded image 21 is stored in the frame memory 3a
as the reference image ¢ s0 as to be used for
motion prediction for subsequent frames.

The arithmetic coding unit 6 subjects coding

data including the motion vector 5, the coding mode

information 13, the spatial prediction mode 14 and




buffer 24 as the conpressed video data 26. 5 (2)
Qutline of the operation of the video decoding
apparatus The arithnetic decodin§7unit 27 receives the
conpressed video data 26 fromthe video coding

t d subjects th ived data .to ent
docEhn P EEBAIIRAL| SeA NS e £G GEL8AE R hod At i bl t0
h dj i.nf i , al
ekt rupd g eth B0 ARIS P T of s Bbs, JEECHABLA 1ater

COGSBW&E‘EQ‘&B&% %ﬁea_'ldoaﬁ?x uaptizat i 94 5 SERE ic8ransmission

par anet er e I nverse quanti zation unit

subpagtfe# N4 Qd heaenatohianss sed cpehikici ot adat@. 17
and the quantization step paraneter 23 restored by

S5the arithogticudededt ngfuniiet opewatd@ muaht itzee i video
The i nverse orthogonal transformunit 19 subjects 20
t hedertbigngalappansftarsn coefficient data 17 and the
quanti zation step garanpter 23 thus inverse- _quantized
to i nver sBher thlogbhaiet tansterad W@nupHs cddi AgFBdyes the
information 13 restored, by th rithmetic decodin .
uni t PP HSRF &5 e‘él%ﬁé’ %%tﬁnt%gn%ﬁr%lﬂli Eﬁ"ieonvﬁg&?, ‘?ﬂglng
not J on _conpensation unit 7.restores the.tenporal
o cHPBAGA Lo i B E S nbBror SEEIYE SRR kg entropy
by b Ehgtd &1 i Lt 27 e 4 hgeeqdi pg

0 th

1 mx%aﬁﬁéﬁﬁgtﬁ%ﬁgggﬁégo?gfg%b éft e %ﬁtﬁﬁeﬂ(: N

decRetAB N ecdb i Ndi cCaigs IdPaifqg imbae M¥eorihftion 13,
spatial prediction unit 10b restores the spatia

prechet eba tagd XPredingtiba mpdid al 4pradiet ook nwdenal

14 restored by the
transform coefficient data 17 and the guantization
step parameter 23.

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

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

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

25 motion prediction mode, the motion compensation
unit 7 restores the temporal predicted image 8
using the motion vector 5 restored by the
arithmetic decoding unit 27.

When the coding mode information 13 restored

30 by the arithmetic decoding unit 27 indicates the



arithmetic decoding unit 27. 5 A difference between
the spatial prediction wunit |0Oa of the video coding
apparatus and the spatial predicigon unit |ob of the
vi deo decoding apparatus is that, while the spatia
prediction wunit 10a is capable of performng a step

of MA%lrdOmefdeéci @i ysipdenihfilyipgetliccspald abnit 10b
prediction node 14 froma variety of avail able

spateslt predi ct hen spatds 1l t peesphtitad pimdigei @0 unsting the
10b is limted to generating the spatial predicted

i megea0idlopr edd sphenampdedilkti segbdreld biyatthe

given. 15 The switching unit 54 selects the tenpora

pr ef éttdmefdge decad dned B ithel fvti on  conpensati on

unit 7 or_the spatial predicted image 20 restqQred by , ..
Sthespmﬂﬁlqﬁégﬁaq%ﬂeu ¢LYGEDN | hheceBAdahee Wigdiction

h ' de_i [ 13 20. db h
L f9d TPogRee! BB, 13,20 RSN SU LD o e
th t, t d.j 5 .
| PROHL S g SEIELEC L 890146 L BTy A aecoaing

preagﬁi)@tse w%_geisfrtcrfaéhemgféhimeuréﬁaéia?dgl%é&fction

pre 257 mage to the prediction error sign
outynwi tf rognt hies b&#ﬁﬁtéﬂdﬁ9@§E¢otmﬂ§§0@“Qﬁ%?18f most
so as to obtain the decoded i mage 21. The decode

10i megef 2t i enstlof efldent h€finge thnensipaBhado pseldideion mode
used to generate predicted 30 images for subsequent
frdnesfrhni &f erende et odenav@ iltdkelfer appaei@dli gr8diction
and 3b consists in the difference between the video = .
cod e sgppat Bteuss BAG 13 he P @@ Cdeck@Bi MR Appar@buds limited

respectively hostin . X
é% gene%ating %he spatial predicted 1image 20 from

the spatial prediction mode 14 that is given.

15 The switching unit 54 selects the temporal
predicted image B8 restored by the motion
compensation unit 7 or the spatial predicted image
20 restored by the spatial prediction unit 10b, in
accordance with the coding mode information 13

20 restored by the arithmetic decoding unit 27. The
switching unit 5S4 then outputs the selected-image
to the éddér 55 as the predicted image.

| The adder 55,.réceiving the predicted image
from the switching unit 54, adds the predicted

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

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

30 images for subsequent frames. A difference between
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the menories. 5 (3) Arithnmetic coding and decodi ng A
detail ed description will now be given of arithnetic
codi ng and decodi ng according tolfhe features of the
present invention. A coding process is perforned by

the arithnmetic coding unit 6 of Fi%ie 10 3 and a,
decBHPnd TABEcFLNQIFAT o Re By Bt CamSdiksi dn the

d di it 27 of Fig. 4, Fig., .5 sh .

cordtFABRBRCE RAEVEST nBE oV LE8M fgoBiNg 62BPAFRL S and
3. f d to, Fig.,.5 th ' t] ' [ :

2 REe 495 A Eta g U AERLIP LBSEA A0S Fost ing
glon@ﬁbzﬂ RerYyid . 29, a probability generation unit

a coding unit 31 and a transm ssion unit

gener ati on3 ynipy BEhmEtei cCHUBEXhgiel driesatingf i on
unit 28 determnes a context nodel (described |ater)

defi ned fRrdeachi bedRMesdirvpibdlon yped lofncwdibey-glaven of
including the notion vector 5, the coding node

i nfaorikthimet 18, codémspaznd deediddingnagsterdinghdgto the

the orthogonal transform coefficient data 17. The,

bi nEeREan©f ofhitheo presents iMMentien dabacofling process

accordance_ with 25 a binarizatign rul e det&rnined fgr6 £ Fi
eachS oPaNHRETMSd BYdiREJAL TRRE B AfiT TRy Unt ot Fig-

gengration unit 30._assigns r ohahi L i toy. . P

ccchr REe of st p¥ BT HReE S T s feg, by Jfhe

bi quence r. Dbi izaki-0 T odhng unit
31%%3& es 531% gir??h%ﬂ]g gg{d]f%gbgag%g Igﬁfheh'g

probabi | igygthus dfowtengr st it iamsnd ssitdie Uarti thmetic

generation Unit 35 indicates the tim ng when the

aridbaenic enditngg sifout tighe Suspefedramdy coastrilgts5, the

dm;;ithmetic coding unit 6 comprises a context model
determination unit 28, a binarization unit 29, a
probability generation unit 30, a coding unit 31
and a transmission unit generation unit 35. The
context model determination unit 28 determines a
context model (described later) defined for each of
individual types of coding -data including the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14 and the orthogonal
transform éoefficient data 17. The binarization
unit 29 converts multilevel data in accordance with
a binarization rule determined for each of types of
coding data. The probability generation unit 30
assigns a probability of occurrence of binary
values (0 or 1) for individual binary sequences

after binarization. The coding unit 31 executes

arithmetic coding based on the probability thus



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

a nodel that defines 10 dependence of probability of .
occ@eTekEated dat he §y%8ls§‘%sﬁﬁﬁbr%ﬁtlitor9?ﬁgtr%%b9é‘s unit 35

i,at in th bability. B i t chi.ng, bet .
A HINEERL I R ATION T ARY
it W] [ 15
| B TPIcH o epRegam s BR AERLe Loatley 19

rmdﬁbnsﬂﬂt@ﬂ%ng'aaéE Ak dek 2oty PRkt SaBSeW®dt iming.
Options 0-2 available for ctx are defined on an
sassunptiopig.hag ke prehdbdhbyristeahewdinghprtntasses

synbols to 20 which ctx is applied changes dependi ng

on plea fecomeid iloy. tire vadds koditig: acoaridiggumithé of Fig. 5.
first enbodinment, the value for ctx is switched from

one to ahdt KontexdvcordencéetieminadrdepePdceesss (step

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

dat &Tflor+ a nei ghboring macroblock. Fig. 8 illustrates

R A I QAR W IS T LT
L TRRG A0pL e UL LRy, e MRl Pence ot daca
| mege i PEESSMNY RP¥-md e SPNE RNt ARUGlede@rBation in the
relevant to a notion vector in a macroblock.
probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the
15 probability.

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

20 which ctx is applied changes depending on the
condition.

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

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

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

Marpe et al. "video Compression Using Context-Based

30 Adaptive Arithmetic Coding", International



"Referring to Fig. 8 for coding of a notion 5 vector
for block C, a notion vector prediction error
mvdk(c), a difference between th@&lnotion vector for
bl ock C and a prediction thereof from its spatia
nei ghbors, is coded. ctx_mvd(C, k) _indicates a
confenf epaace 10nmAdkE P P €SS BINTA G O -veRlgr context
prediction error for block A and mvdk(B) indicates a

not M@ste L eBedre pt 8dit@ 1 8N adtt of Of Gt BPIICB. VIRRKPAR) 11 2

and anééEb qée used to define an eval uated val ue
ek(Efczé &'t for swi tchi ng between context nobdels.

15 The evgletfaé;gi\ﬁajugoe!ﬁ(ih i gdi Céé‘i-s ?}‘M?‘BEE Ci)tﬁ‘otion

moti on vectors T the nei ghbors. nera

5 S gBRldor Medid G 1WidE Bave anotialh W%ﬁﬂé!d%réaiction
ek(C) is large, 1t is nore Ilikely that nvdk(C w |

haveradargedrgatude. d2¢ Asceendagbytwden the motion

probability of occurrence of synbols in mvdk(C

shoukd thest floer opitbriked baskda gredi©tidncdiexeof from

model is one of predefined sets of variations of

prob&bi ISpgtdsrl naed.ghbontd s d&secodefer eChXe NVHEE , k)

variation sets of probability 25 estimte. Aside from

t helRBH DRt @Ectdr COfdrR ¥kt BRUELs are defined for

codi ng data ,i.n di,ng,t he codi ng de information 13,. .
10 he spat ilﬁf’dﬂ?%ycﬁ‘g‘ﬂlﬁ%‘aﬁ4a d’l"]%gtlﬁé‘ of Efdgohap redict ion

tra r ffil €] a 7 15 el,s :

ar eggtﬁg)rfgdfgs tkjﬁjébg?(lt t%rré?lldg Qgﬁ%c%%?ng'%??%é{%? tlahénOtJ"cm

vi dgg g ng:wg&etil@naa%&e 7 tBRJd e fecaf A% (A) and

unit 27 of the video decoding apparatus. The context
model dRetes Maiad | @B el to2&efine an evaluated value ek(C)
evaluated for switching between context models.

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

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

25 estimate.

Aside from the motion vector, context models
are defined for coding data including the coding
mode information 13, the spatial prediction mode 14

and the orthogonal transform coefficient data 17.

30 The context models are shared by the arithmetic




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

nodel defined for a type of coding data. Selection,

froma context nodel, a probabili2 esti mate

variation is described as a probability generation

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

10 FREIRIi HG Hhae & iE t thSe V1 HES L8HARY ap&fRAtys and the

L ApATUCE G St RO 08 ARG Pobab Foryhtr VS decoding
bi : f i i ' i.s j.n. .
acoaPRancar ey TRE gioaf et | Bty ShnghdGiga, unic 20

of §ke tqpdi a&iﬂ@ﬁﬁeﬂcVéHcﬁPﬁﬁéh‘%{‘%hsbijc{‘ﬁri‘j] dUeNGelects a

results. By coding each bin instead of direct
5subpedidngdelfein &yl tid evel wopsene datadlih @r balvet i c

coding, the nunber of divisions on a probability |ine

is 20 redsedetcsbibmgt fomputat comtexsi mpbpdeiled aTpunbability
bi narization has a nmerit of sinplifying a context
nmode$ t ia Peolvar Latyi gendmatdescprokeds st ap @pability

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

bi AR PEHT BACSF RREECHRATI Favet ) cd® M@Wdat a and the

etting of .a_context npdel applied to each hin are
Somml ol ) TR R B A B R TRER, (SECBodRe) Each

1 ncont ext ] - S rjaflon L Yiyn .esty pat.e
10of t he p:?gggbﬁé]ﬁé'%gﬁrd%ﬁf lI'%et p%cd)ba | Pt)e/a b%ary
genes ghiedfc 8Niy 3PnkefPi falt $ 88 1%h Gﬁwéﬂ%gmgglthat a

determned in Step ST1 so as to generate t
prabshitledty AbdETUfkenggpAfiddltion egadh bif. (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) Probabkility generation process (step ST3)
As a result of the processes 1) and 2) above,
25 binarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an
estimate of the probability for 0/1. The

30 probability generation unit 30 refers to the



Fig. 8 shows an exanple of the evaluated value 5
ek(C) for selection of the probability. The
probability generation unit 30 d&dermnes the
eval uated val ue such as ek(C) shown in Fig. 8 for

selection of the prqbabilit The probabi

det @P RtFat % oﬁolﬂﬁf %G%’E’BF &y 0 e&ﬁ?ﬁeéﬁ)%t%’nsaﬁoto
avai |l abl e .in he cont ext | refe

selsr b the RPORIRATer e Sta 1 by Elfmy0f 041 in
to be. ?Qkﬁor coding of a current bin. 4) Codi ng

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

the probabjkityg of hols 08aUMENRE 1Y Okl vieseesiYub@led value
arithnmetic coding is determined and identified on a
5probabehi thotki Bl ededasnli 6 Yhéhewoebakd bty .3 he
perforns arithnmetic coding as described wth
referebad ibitlye gehatmat iant Ysitp Br4fetormhaes the
actual coding data 32 (0 or 1) is fed back into the
prom@ﬂmiattyegervabufeorﬂmhtaeo ekKE ) f FAGIENC ynofFlg- 8 for

occurrence, of 0/1 is counted to. update_ _the va
of $ROBLE 1Ry Odst FR&t PXAPAREL LN exT oY © EreghlfltY

(5188 2545 LS e L5aRPHEEY, PRl poions
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uenc occurrence o er that variation

Of&E@E%ﬂiﬁé%‘ﬁ%i&ﬁ“%éﬁl@é@bnod§ pYoRBilS 3P estimate

subsequent|ly coded using the sane varlatlon of 24

pr obabtbi the ealsigdt €o it heotlienpeacy of cacatgnendeln of
1 is updated so that the probability of occurrence of
0/1 is updat 6dbdong. PATocesEE2(steps ST3-5T7)

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

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

20 The actual coding data 32 (0 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).

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

subsequently coded using the same variation of




According to this nmechanism efficient coding 5

adapted to the actual probability of occurrence is

possi ble. An arithnetic code 33 @gdnerated by the

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

fed to the transm ssion unit generation unit 35 and

10 RAePpbddddty nes dhmatenstheutfngaaanaksmsspesFurrence

unit as_described in 6) below (step ST6). A, _.
det é’rfﬁi hatBoipdafissht &9 ttoh%ettﬁ’eé) PEEPRRELERY BF a

bi ' f. th ' dat b

coudf T R8s Tre) o8 L et R W 160l - By 0 752
| : tral s t: t 13 5 ;

or 0Bk 11 o RS LS TR QAR BT Ee sell Bpaing

stepufpeepedOr PR éétUaiSQQ@Hﬁﬂim%%ytag dB8urrence is

codi ng process i s conpl eted, transm ssion unit
gengroad ¢ @p1Ry.ocess described 20 bel ow is perforned. 5)
Transm ssion unit generation process (steps ST8-ST9)
Arithneti arcodi hg himethica pbdealdl ygehexsateehcley dfhe coding
coding data into a single codeword. A 25 speci al . '
condlindiet ad Lorf nomt tdreuredingi data o3d vi Ge@si hhalls fed to
is that a decoded image should be <created in units of
fr afd€ shramsmbs fis Heidr yIene iplacdy. URdits 33 and
ecause a yi.deo,si.gnal i,s_ characterjzed by notion . ;

L0, BUd Bn  6aihen M ant@ 0 SR ¥ hBidyT¥ At tansniss ion
di spl.ay, er vl d gl 5:,Nn ssary j.d ify a
o st JUSCALONEda' 7% "BASSRAT Y depdanthly o
data. Forpt b PYERASPaiodVikl RiLKENAMES H®Eher the

medi a data such as
entirety of a binary sequence (bins) of the coding
data has been coded (step ST7). If the coding has
15 not been completed, control is returned to step ST3,
where probability generation for each bin and
subsegquent steps are performed. If it is determined
that the coding process is completed, a
transmission unit generation process described
20 below is performed.
5) Transmission unit generation process (steps
ST8~ST9)
Arithmetic coding turns a plurality of
sequences of coding data into a single codeword. A
25 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

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



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

transm ssion, the conpressed data for transm ssion
may have to be partitioned into 8Rits smaller than a
franme. An exanple of sub-frame unit is known as a

slice structure produced. b rouyping.a plyrality of .
TCRESARE T T as LR it hepouafry Kthder trames in
i1l yst; i t t . bl [
AR AEE S 85 RAHE LU an BESY % LEne purpose os
SUTHEUW L L 8:USRH 33 3 UBIInd £ melefPy NERIANT Z8UPNa b
decoding. In a typical exanple, slice data are mapped

ont pod dyhgad.of and FFde Wipesparppaekels packet
real-tine P transm ssion of nedia data such as vi deo

S5whi thains i ekatiiore) y tiiessc ol eeasledf daranshbssitmansmission
del ays, real-tinme transport protocol (RTP) is often
usellayAm&TP tpacket pgrmstd ttiopest anpteat wachtd tsmédder than
header 20 portion. Slice data for video may be nmapped

ontd Zramekodd pekanl ook ranbniteade. Woitexdafpkaown as a

Ki kuchi et al. "RTP Payl oad Format for MPEG 4 ]
Audh BAGIS BF TG ARE BREEURAS B I FBEP Hh fofhdilpgality of

naggggg.ot hgoc EG 4 _conpressed video dgta onto 25 an
RTP B EyICGAHC P Sunt s 16t = MBEG 3° 8P &S E¥ideo

ket . P S, t 1t ,
LoBeckets) B2 RACKRUMELE S a0R [ edcBs JPRLOARELS

entirety of mald €6p331Kk MY NOhchigaChed #8£08bRG 38 lines.
appar atus when a packet | oss occurs. If the coding 26

of GeheeqEhy ,sld celdai@ bxrapfdulicongd @wsed as a unit for
i nformati on of the discarded slice, appropriate
decoels g draoti posdiosl eievehecbdiimeg sudsegaettypical example,
slice data are mapped onto a payload of a IP
15 transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header
20 portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
25 an RTP payload in units of MPEG-4 slices (video
packets).
RTP packets are transmitted as UDP packets,
Since UDP does not support retransmission, the

entirety of slice data may not reach a decoding

30 apparatus when a packet loss occurs. If the coding




slice data arrive at the decodi ng apparatus 5

normal ly. For this reason, it is necessary to ensure
that any given slice is properly2fecoded in its
entirety without resorting to any interdependence.

For exanple, it should be ensured that Sljce 5 is 10
cod@F W EhERIWEN kg S hiGEMH2BA OFS nECMSHT biraed on

located in slice 3 ah . Slice, 4 bel-ow, F .
| Mo QVEHERE (oo R Pitnrieh o CLHFAG A 41 Fdi Eney, ARREGRE Fate

It idsecggﬁiirn lzgﬁhgx&%gaﬁgsgﬁebl@r %’hlll.oltfy Qg.e .subs(c)arquent

occurrence 0 surroundi n condi tions

to @aifyai aéfdﬂ& RreG8pe Qft diMedidWead i @bapidd£Xtus

line. To code Slice 4 and Slice 5 Independent of each

Pt helorhm Q1L 1§xanpl e, a register value representing a

codeword of "arithnetic coding are not maintai ned when
arithneti goapdthdsofréhect), | & imcnadesk ainy Stocersure

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

an thiat ahnyt agivea shiaceotbnpriepeadtrdegodedt Hirs 1ts
way, it is inpossible to explgit correlatiogn that

exi 9t beehderWihBodHY 5PSRTELTI ok @ARY héAFo¥dependence.

5852 23T 4B 11RO HI b sce 5 i
10 ESLIFNGC 4 SREXRECE 6 | £5F o a?ﬁ%% d@{famgt@ré,ﬁlocks
transmssion errors 1s |ﬁprove8§[f e COS or a

decreaser bR tihe §94idY §f fd15668CY% ¢ 381 TR t B §&i.0N

unit generation unit 35 27 according to the first
enbodi Menk offf OV fe% wemBnodo fanthk 88 happei et wod dhg

i mproving the adaptability of the design. Mre
speeifffiiai. bync ywhehewdweer, it is desirable to adapt the
probability of occurrence of symbols to surrounding
conditions or to maintain the process of dividing a
probability line. To code Slice 4 and Slice 5
independent of each other, for example, a register
value representing a codeword of arithmetic coding
are not maintained when arithmetic coding of the
last macroblock in Slice 4 is completed. For Slice
5, the register is reset to an initial state so
that coding is restarted. In this way, it is
impcssible tc exploit correlation that exits
between the end of Slice 4 and the head of Slice 5,
resulting in a lower coding efficiency. Thus, a
general practice in the design is that resilience
to unexpected loss of slice data due to
transmission errors is improved at the cost of a
decreaée in the coding efficiency.

The transmission unit generation unit 35




possibility of loss of slice data due to 5

transm ssion errors is extrenely low, interdependence

bet ween slices is not disregarde@? but is fully

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

is high, interdependence between slices may be 10

di sREFRERdANSO tRathhefddd hgeriodivgat jprovides a method
adaptiyvely controlled in units of transnissio

. _Jhe. .
CraRSifl A of ARV F a5dter APFort BRFP BERSeddtal AGARF ERE11tY of
firgt e i.nent receives a .Lransm ssi nit
des?éﬁaﬁ%%lﬁr{jhafio’%‘e a pfehceltﬁgasjlrﬂsﬁéf Q&%?Snsﬁﬁ%si on
uni I S it desi [ i g i's
U bosHifR13eg! 53 of 48! o (o191 Bl gl 3%
SAPPRE-A S 1 538 oh ' @15 B§1 ONs UBK: 88RBNAL | pAwyni t 35
generates transmssion units by partiti'oning the
codénwarek @& p2h d B ca ibbaGid€n cedel S8sr daei nod fdbsregarded
the arithnmetic coding unit 31 in accordance with the
tinbng dist i@l lypexplotiilteed ransm ssion unit
desi gnation signal 36. Mre specifically, the . )
transn ssWbemunthe2p@epdtatl dfyure £ 3957 pifplekése data is

the arithmetic code 33 derived fromthe codin dat%
32 BaGlent tREUSFAPREPIERE & AETUARE fltlCERe MY De

ol SRR s et SRR T RLATSTREL oo
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transm ssyRe  Phhs@ESs SR/} Oﬁnﬁitgn?lan&éﬁliﬁﬁl 8Lt 35
When it is deternmi ned that coding I d the

o bui
entaceor ding to the first embodiment receives a

transmission unit designation signal 36 at the end

15 of a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the video coding apparatus. The
transmission uniﬁ generation unit 35 generates
transmission units by partitioning the codeword of

20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.

More specifically, the transmission unit

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

30 macroblocks that fit into a transmission unit has



transm ssion unit has not been conpleted, control 5 is
returned to step ST1 so that the determnation of a
context nodel and subsequent step8 are perforned.

When it is determned that the coding to build the
entirety. of a transm ssion unit is conplete, 10 the | )

t r aRSRTs T OMPdR Eegdendr it FEE @FRFLngs ¥ndthectgansmission

header, for the subsequent transm.ssion unit . .
desBPifed BELSR R EL8 ﬁé?.ﬂail. g]ﬁe (%F?Psé%gim deeqy it is

v v ERe tRdg ARl FonkE T, HgebRt ety of a
Segfeg ﬁng?}wﬁﬁgiﬂ'ﬁasamé%'B@E%'Edﬁﬂlﬁged, control

process ftor representation, should be reset

5i N {Be Mot rnld ANERI SHEP WAL - sbn til@ti RiHé allktermination

10

15

20

25

30

generated transm ssion unit, the register reset flag

is 66t 2k dAtigkit cAbAE hakridhesubgiesjeenshmitdplse are

reset. 2. The unit 35 provides an initial register

val pex fwhrmadi.ndi cates a register value to be used to

start arithmetic codi ng/decoding to build/ deconpose )
the next Whamsm tsiien daterwhngd23hatn the Fof khgr to build
reset flag indicates that the register should not be

restR® RTERERFY nOFi ¢ Srantipmii?h Uegt st&r SRR STE
L hethyersnin Y on sRatl kS Ry BRHT i1to35 Bhstructs

on unl

(g BAFES 31 8] . ) |
SrEL A ao bonge Sufls bt N 2heh feBion unit as
As $BOWE iBefi e llw S 4dephanges data for compressed

video slice data includes a slice start

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

Fig. 10 illustrates a bit stream generated by



code, the register reset flag described in "1" 5
above, the initial register valu% Itiplexed into
the bit streamonly when the regi reset flag

i ndicates that the register should not be reset. Wth

t heqddeg s it ORI 083G bed jqboye, sl ice-to-slice

continuity for dlng is” 10 mai ntai ned

even \AhenAlsossShaﬁmt hfnpl?%&fd't g S'éig‘mld‘lﬁccﬂéé’dé’ﬁf HSILW for

the register reset flag and i ni regi ster

val cempre sged | vildwo cunrieié dsldL£ejheadpdedatal. slice start

Accordingly, the coding efficiency is prevented from

beconidry | bive 15eBiiztd4d stesstt Ifd s§i dedeaderedlaia "1+

and t he ressed video slice data being nultiplexed

5Hﬂ% Oﬂﬁysg%?blﬂhﬁl@éwmevlemmﬂlvemﬁeemuémwmlemed into
é} the slice header data may be carried in a

septoﬁlﬁt bhe s&iream o Ly Mher thgskessivheanaeset flag

d,vid I d h hed
ncHABTUEERR STRAE G et AT TREG Ly Fodpdre AESet
I h e t he st
|SsI fFangmg?ttedaﬂt'ﬁeacg%‘?égncr}gng\ﬁgtrﬁ“ag?ﬁgnl ﬁ%?%trglc%gg above,
Th%i@a@atga@aiéetﬁ%ﬁﬁUﬂﬁ%&i5f€%”9'¥¥%ﬁ86f@t 8d1ng is

provides rel atively ity tre conpresse

10vi dewidatzined téaaanivhed udH8 BH/ YRR Ifreceding slice
characterized by snall delays. in accordance with ?
separaues trhysmssingn shbemeolskigr tdsfet flag and the
transm ssion of 30 headers and transm ssion units, the
datldnsblatlr aﬁgmfaéerusmgumpim@m/udaedeam nbhebeurrent

artition into slices. Use of slices basically
&%}gg %9ﬁqmd6Fa' Accordingly, the coding

efficiency is prevented from becoming low.

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

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

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

30 headers and transmission units, the data



i nt erdependence (context nodel) between a video 5
signal for a given slice and signals for neighboring
areas to ensure that decoding fordla slice can be
resumed i ndependent of the other slices. This wl]l

bring about, _a drop in video [ efficiency. ,10
o HAn T Lk e T it / BRR/ Phanagd AP BS
register.status,i s _transni.t over TCP/IP, as shown
in ﬁagrtiﬁ,lovr}%%ol&tg%a sTlnclt‘ag);gbe coded by fully

expl oi ti ngthe.avaidy el.s ins r . )
Regultant ggr(?t(ﬁﬁeﬁlcg? S’ g%%%g)gfa?ggm%%ﬂl?gg PE®etting of

par tintt OPgE pfei d Ehas N eSie Rt HodB1RTRhetween a video
packeti zation. According to this separate

3 ragIyymsiofachemeyitde fgliteofamdi shnpiad scationg
processes i s consistently obtained wthout being

af f actiaghby rtieg cendia s ot oepsiagthata dpcading2for a
Therefore, a bit stream produced w thout the
conSild ot Sagk ke rsisenmest ripd@rerdfde oL the other

transmitted, ile ensuring, a relativel i gh degree
of ?gﬁq‘?%ncg bSe ﬁ H’I’%.-%ﬁ é‘ll?%‘llﬁaﬁyv‘grgﬁprlo%cﬁldeo
sho%nc{n Figfﬁizc.a 25 | ayer above may be used to-
i ndi-Cate® In&tet éen_s%/%t'_ax conprising the register
10 eset flagpand %geié”éwéﬂréawf%SQQGéye %%%@ R®e initial

used. Fig. 12 shows a register reset confr ol | ag,
i ndiredfi figeWhei FEE R SYNHEXaAAMIE €LY dVErr ggisyer, as

reset Tlag and the 30 initial register value is to be
usedhovat ndn3F igul tli p) excdd ¢ ot & iaghaddermayt dohedotded by
a video sequence conprising a plurality of video
fr afesd.l Foexpdampkénahthe tave ideteil e neeintient tmedels in a
frame. Resultant arithmetically coded data may be
15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes is consistently obtained without being
affected by the conditions occurring in a circuit.
20 Therefore, a bit stream produced without the
constraints of the slice structure can be
transmitted, while ensuring a relatively high
degree of resilience to errors.
In an alternative approach shown in Fig. 12, a
25 layer above may be used to indicate whether a
syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a register reset control flag, indicating whether a

syntax comprising the register reset flag and the

30 initial register value is to be used, being




circuit quality is low and stable video 5 transm ssion
may be possi ble by consistently resetting registers

t hroughout a video sequence, thélregister reset
control flag is set to indicate that the register is

al ways reset at the head of a_ slice throughout the,
vi dB8 Ketpédoeed | AR sachwadey dfetpediat et Or iy 1de0

flag and the initial, register _val ue.pneed pot .b
ul FioS SR i MM RiBY. & | REIGALEFY qy video frames.
controlli register.reserting.qn a_vi qUeqc

| evel , ovggﬁea XPH%Pojrﬁm iwghe%t g-’rv%ssed%ég)?]fgﬁ'sm‘tﬁlt Egat the

forc@%§?§gi§y£ii%¥“@ dﬂdhs%ﬁgﬂﬁéﬁbléoﬁiﬁﬁwp|&

a specifie cuit “condi ti on exanpl e, a

55 Pegird PéneLlohalay Nbe @éEHiible PBiSIGbAs iBently
regi ster reset control flag may of course be attached

to gelpatleinef Ay ideséred threadbfitare ¢Mied ragguence,
N+lth frame) in a video sequence. Fig. 13 shows an ‘

i nt &heal registterct imes et tdwentapilt hibaigc decsdthgtaniiindicate
27 of Fig. 4. The arithmetic decoding unit 27

conphiatest he tragddter od sumlwaddddr 6§ i ataliBat hGpd of a
unit .37, 25 a context nodel dgternination unit

28
bi n&fii&E | R MR EDhed € 2t BBELAEY S GENGTEE Fon Ui Fhals case,
L oo S R B F 2 i R o 87 R ¢ FUE, roh il sregister

imtrali zes;

tragsyl sl |1 oteoeL v ldidgRrdf gecadi f8-3]-s1ice
progésrfsu,sébgs%e ohogtdgg% |(r%11flo€£’g?iéoﬁn related to an 3%9{

ari ylrrtic coding and included in a header. The

context nodel determ nation unit 28 identifies the

type of dBya,conerddefhnid yregishet herddetnoingnon 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+l1th frame) in a video sequence.

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

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

30 process, based on added information related to an




vector 5, the coding node information 13, the 5

spatial prediction node 14 or the orthogona

transform coefficient data 17 is32o be restored by

decodi ng, so as to determ ne a context nodel, shared

by the video coding apparatus and the video decoding
appardttusnetdrc thediident ahidedi pgpaidaeirp a8 header. The
bi nari zation unit_29 generates a binarization.rule , _.

def FREF $6F Mosie Yeq s PERIRBAPAY WALY (3Peldpptifies the
propabi | it enerati,on uni,t, 30_gi.ves the abilJty :
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t he tion vector 5, the coding node information 13,

t het gR3fd £b rRr &b £FifoN: i gade d4tand 1 hesor¢bopenatestored by

transform coefficient 20 data 17 in accordance with

t hedbmal yngequancas resuldidtwrhiomre aai coetext model,

decoding and the binarization rule. Fig. 14 is a i

f | osbharad shywitnyea vprdeessopéngoraedapatwe and the video

arithnmetic decoding unit 27 of Fig. , 25 13, §)
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(step ST10) As shown in Fig. 10, the status.in the_ . . :
10geBUPRg b pE iR ERiF P TioRReEARS & i ThRAE (fagdon rule

decodi-nq. | tart ba register. re 3
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STf%f, %ﬂ%iéggﬁgli§n$§§etlflag dééignatPLg ﬁhether

probability of occurrence of each bin (0 or 1) in

w

accordance with the binarization rule and the

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

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

Fig. 14 is a flowchart showing a process

performed by the arithmetic decoding unit 27 of Fig.

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

30 decoding is started, based on the register reset



the register value indicating the arithmetic coding 5

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

reset, the initial register valud334 is not used. 7)

Cont ext nodel determ nation process, binarization

process and probability generation process 10 These

pr oEbagesa nde thee f dmvieltiny trrgésakt vajphe| 34 multiplexed
determ nation unit 28, the binarization_unit

Che B ShaAF B vE LRRERLF Bl Bnd0. SHOM 35 B¢ Lige (step
Th dentified ST1-ST
reiiﬁéﬁrﬁgf RGP Rd ST Bt eind 118 6 baDA gy whether
f tt
(LS8! S5 eSS, SIS T A8 e conins
5t h:%PBEQa%Sé 1o fbe 3L iﬁﬁﬁonwﬂﬁcéﬁ% Sfégister value is

tified as the process the probability

gen@éataltop Phecepgithialdenrid {sed sy 2Qutehe3 prdaestod) used.

in the video coding apparatus. 8) Arithnetic decoding

process (Bjepdiiéxt Thed@bbakitldtyinh tooenr pence esfs ,

bin to be restored is identified through the processes

1) -inariheatdonti pyames s3Gndsporasablid Vavug repiat ion

25 (step ST1l), in accordance with the arithnetic

de 8P RE T ocess descri bed with reference to the

related art. In simlar conflgurat on_as tg}’ E deo
t

10codl ng ap%léfeﬁteusprf’ﬁee%lﬁgédlanﬁeurﬂﬁr 8T It context
or RSBRR e sPRLRRRTRR ot i1 2 el Th  Tption unit
decpgli gg, r%ﬁe Hﬁgﬁﬁli@y ggﬁéfﬁiiﬂdﬁhﬁﬁthU shown in
restored y conparing it wt binary series pattern
defg ngd b}GIh@‘lﬂié‘é“ﬂﬁb@%g@éea&féeDdentJ.fJ.ed as steps
5T1-ST3, respectively, in the flowchart and the
15 description thereof is omitted since they are
similar to the context model determination process
ST1 identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as
20 the process 3) in the video coding apparatus.
8) Arithmetic decoding process (step ST1l)
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 ST11l), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar confiquration as the
video coding apparatus, the decoding unit 38 counts

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

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



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

as a result of conparison with the binary series

pattern defined by the binarizatBén rule, the process

identified as step ST3 for generating the probability

for 0/1 of each bin and the subsequent 10 processes
Tg&*@ﬁﬁ@é#Qﬁ Unddeodd tiwetheepsongrmgriyhe value of

are
ST5, ,ST12), If t | ue of bj t i firmed .
by Ptk SCSSFRIESA nhYcif WBBAT b B hev By Bamiaky series

pat [ by t.h ipari zatiqn rule,. the t
i nd#%gﬁe%e%ygt%%l l>r{r%fﬂcﬁ? g%%la% t%?ﬁ%ﬁleggﬁtlpou@ &s &51'%;(g tep
resgened data. If the decoding is not conplete for

the entitety of transmssion unit such as a slice

5(step STIBF, tie ¢anhpxt oodel ndetss phrald ORsPiRSESEonfirmed

of step ST1 and the subsequent processes 20 are

perésr med eepdat eslf y conbiphrideogntdirehy tdfe binary series

transm ssion unit is decoded. As has been descri bed,

accpalitey n odelfeineédstby etrbiarli béntar fnattiraansmudst pnthe

of conpressed video data in transm ssion units such

as BFPE&sst hdemt ifiad hagdestapt £ hds fode gegieiseing the
i ster value 34 att

flag_apd.the, inifial r ched
the‘?’éf’ aky 1tﬁ’eg}r%Ferofgsé’tf R CRESRINE gt%ﬁ?et%gpsequent

eSS 1S reset or

1o NSr UL EL Bl ueoLach RN 1RE AT LRUEHLE S9HAY (steps

15

20

25

30

poss Bl e dqpy Fgrfsoj_ngn c%fg)vyi thout |osing the 35
continuity of “the afithneti'c coding process. The

coding efffctercywasumi saifipfl, reyt8rihe ik5e¥dh €RGened by

to transmission errors is inproved.
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 ST1 and the subsequent processes
are performed repeatedly until the entirety of
transmission unit is decoded.

As has been described, according to the first
embodiment, for transmission of compressed video
data in transmission units such as slices, the
slice header data has the register flag and the
initial register value 34 attached thereto, the
register reset flag designating whether the
register value indicating the arithmetic coding

process is reset or not. Accordingly, it is

possible to perform coding without losing the



Decodi ng of resultant codes is also possible. 5 1n the
first enbodinment, a slice structure is assuned as a
transmission unit. Alternatively33%he present

invention is equally applicable to a configuration in
which a video frane is a transmssion unit. 10 Second
enbSAHehR UAT Bl 0&r ¢ va bR Mgl ke | 6RD¥nghprocess. The
arithnptic coding unit 6 and the arithnetic.decodjng

i EOR Do S G AP Y nd S ARand B rrt e abe

be described. I n. the cond.enbodi nen t .
theF%%bngrp%a ﬁeﬁ?ﬁpgiﬁ%%l?&a%Fgﬁﬁfoggafﬁ%¥oved'
COd%‘é"HdidiB@O’th%e%rdiE ' Cc 56U 93 B QCESS gws%hsqe.
the status”of Tearning of a variation of probability
sestinmate ih & geNiEets FPRIbbE iMBALD! exediinld 82wt ure is
slice header. The status. of |earning occurs in the
probasEdméy genesatiran gmiits SOoas dumetuniAlupdaiesively, the
the probability of occurrence of each bin. For
~exapplesentf émvagttioki ¢gs Seqnatiiey f apstl iesbdd: nkot a

in order to inprove the arithnetic 25 coding

ef f FeNhkgufrart b Bc Kk 1C, whiich nat ivokd 8R ticamgptlisna

vector for block B above block Cis exploited to

det EERTRIMASEHF Rt Bt of probability estinate.
10Accordingly, if block C and block B are located in
difference slices, the information on 30 bl ock B

ShoEE@cﬁﬁ%PFﬂMﬁﬂﬁ;ﬂeHHP”’being used to 36 determn ne

the pro i [Tty of "occurrence. This means that the
codi ng ef AhCiENE¥ rin%t 1 QVerEEni fu 8B WBEr &chB€arithmetic
probability of

coding unit 6 and the arithmetic decoding unit 27

according to the second embodiment will now be
i5 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
20 slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.

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

30 Dblock B should be prevented from being used to



occurrence is adaptively determ ned using a context 5
nodel . Accordingly, the second enbodi nent provides a
net hod and an apparatus for inpr§§ing t he

adaptability of the design. The coding efficiency

with which the transm ssion upit is_coded is 10

adafERF Pidsht F BRI &F QRER thht Yt et sPESHT BRI e
interd [ t it [ i.ng: i .
i st egar ddd et S “BRSto taE 1oL S AR Syt
a £ N .
DrPagetn ol Bl (4267 che Whdrasaseions
| nt gicdapepdence MBY Nea grshegpyded+8rmif@édeudBi§ a context
the probability of loss of slice data is high. Fig.

515 sl@wian i nternal construction of the arithnetic

coding unit 6 according to the second 20 enbodi nent.

A di ff er ehcedetimel ¥ he tiré t hestdtdcedilngd imdnt6provides a
according to the second enbodi nent and the  arithnetic

codmef hedlt agrdhann pP Erg.tes aéedr dimPreving Ehest

enbog:nent i,s that the probability 25 %fner t.i on u?it ,
30 A8ARERP 1L kbl &% WBEeldRFA80s B9 £pding efficiency

o B O e LSS s e BSR4

1 OShoﬁ’idééq%{??e@rﬁfc‘?ﬁl&f@gg@fg@gg% HOf a3 {HBEYCice-to-slice

I1C
codi ng "un _ An imredr at el y
appiadiaphepdddenence; hr ad heck! wehanti €hneitic6coding is
according to the first enbodinent is that the context
nmodbe sibsveqirdbadt but fully exploited in a case where
the probability of loss of slice data due to

transmission errors is extremely low and the slice-

15 to-slice interdependence may be disregarded in a

20

25

30

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
embodiment.

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

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

15.



occurs in the process of step ST3 for generating 5 the
probability of occurrence of 0/1 i? each bin, 1i.e.
the learning status 39 that occur$’in the probab|I|ty
generation unit 30 as it updates the wvariation of

Uit ol exd | re e B “RBN R oA AR diThsgepee from the
con%tlréj@yh%grgqgeslslés't%o 28 4dihe 6rﬂﬂh%“f§5:§q:

unit generation unit 35 for constructing a header for

t he oheXé dlifpls 81 S OPha4Nidhel R A S Blodel status 39 that
configuration as the register value that occurs in

theockicmary aint hied isroedsy old ptepessrdf fepgéhérating
Fig. 17 illustrates a context nodel [earning status.
A dédw i pricdrabiilllithe gifvencohrdenceamigd/df fbe each bin,

cont ext nodel |earning status 39 u3|n% Fig. 17. 20
Fi gl-57 skd\® headgeingesd ahuse dfet atibtar:CIblfSnln the

macr obl.oc kth transm ssion, unit. A c¢ontex

rmdBFOéfﬁb&sleldtsmgfrbf%é%oaeﬂ%a Bér a%a&ﬁ— dPdates the

oy S S S Rer Ee@%t‘éa’é”%%ﬁ&&a e
39 h%d@fe“t§dmLT¥%%?§%§gﬁ?ﬁ$%f€P 138&*& 58@? in the

transm ssi on uni t |na

10Ct Xk el@udy E%néﬁ%u&%hoﬂ*ﬁ@ﬂb%%@n(%Qép'§T§$91h°the
be equal to the initial status of ctx in the k+lt

trabsmissind’s s3lonnidnit. geddeapriababulnity pe, mbrof
occurrence of 38 0, 1 .in ctxk+i(n-1)=0, 1, 2 is nade

to @QHRMQMQEnngh@;ﬁ@bd@ﬂ|fyqxxhp ofe 0t camams isfs ion

0, 1in ctxk(n-i). The transm ssion unit generation
mﬂyn$§, in a similar configuration as the register

value that occurs in the binary arithmetic ceoding

15 process of step ST4.

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

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

25 The context model status 39 is inherited from
a4 transmission unit to the next transmission unit.

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

30 wunit, i.e. the probability p0, pl of occurrence of



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

the header of the k+lth transnisz% nunit. Fig. 18

illustrates a bit stream generat by the arithnetic

coding unit 6 according to the second enbodinent. In

t he seceon xrent., the.slice header far 10 the
conpors'esgeg'rgrtgg% sl hé_ldgfg'halg'igf d‘rsmﬂ‘iagr? to bt equal to
i ndi [ text de t recedin -

ol o PP Y P R T St g L TEY " i
stardt£bda - 1hhe ra@ st eanArelsfilay andt t§enid¥dt #bn unit 35
regi ster value according to the first 15 enhbodi nent
showranskiits 18atay anda¢eatdaid veheondtgttat i®f eftx*(n-1)

t he second enbodinment, the register reset flag may
Jnclivdet he Hedideat iofi dfhehbtHiarht he aooamésts todelunit .
status is_ nmultiplexed or not, in addition to an

i ndi cati of ¥ - 20 8hhkl A&y tRatiaf t pab itegfst@anapedesated by

mul ti.pl exed, or naot. A flag other than the register
res ?I%EﬁﬁﬁmeFﬁﬁc%?@%ﬁ%tﬁﬂlﬁhé A exdifgeto the

sta ' Lpl.exed. or not. 25 Fig. 18 shows the
sIi%gﬁﬁgggegﬂﬁééglgﬁ%gFﬁe conpressed video slice data
be'ngrn”&'|@ﬁ3déé@ﬁgﬁﬁ?gé@gﬁﬁébﬁﬁrﬁﬁ@ slice header for

Alternatively, as iIs he first

1 eenbedidTedbmpires §leldC ey he@der s 18l MAY t Pengar r:ﬂr?ﬁlo'(hj:?naat ion

separate bit streamfor offline 30 transm ssion an

t heinahipr 2sdery daba ney ntayet Sthodé L aghedt tberset ot hie
information referring to the corresponding slice
heaB&eREandri gl ite savws ehedntteh azle towpstimucdddntafon to

t he
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 confiquration 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
the same bit stream. Alternatively, as is described
in the first embodiment, the slice header data may
be carried in a separate bit stream for offline

transmission and the compressed data may have



arithnmetic decoding unit 27 according to the second 5
enbodi nent. A difference between the arithnetic
decodi ng unit 27 according to theqgecond enbodi nent
and the arithmetic decoding unit 3 according to the
first enmbodi ment shown in Fig. 13 is that the

transng g8y Ubhle Lecadiyg hﬂféﬁh@%ﬁbﬁ”f@f%ﬁﬂiég to the

of the arithnetic decoding unit 27 according to

secg@rﬁa‘e%ﬂa&_tnfeé TVefs hixe gept &xd tandel st at us
39 for the imedi ately preceding slice nultiplexed

into the lrepgler 119 $hews ohabilntyeatr alonstinidtidh of the
so that the context nodel status is inherited 15 from

t heaimhelimattel y prescediimgy shindet EBi’lg.a@0cirsdang to the second
flowchart showi ng a process performed by the )
Sari emhee dd mpebdi fy dhifif eresic & getwoens HYhef dehtAmetic

bet ween the fl owcharzé of Fig.. 20 20 and that of C{:g _
14 ﬂ@q%tlnq n 8¢y Tf@%f-‘dlﬂ?%nm skhén §fFend embodiment

ST B b FheT0h¢ B [ dBas TSR a7 o Fing <o
AR, B i e AL PR 1 e ene
CO”E?QnQHQ@%égﬁ“ﬂﬁ&Ee%é80ﬁ3 SEhl%E%F@EE@&OH unit 37

model” statds output” to step ST37is use

109engkaten &he r Pt ARAdE § bt xa@éoacm%r e of 0/ dcich £d8ng to the
probability generation unit 30. 30 If'the nunber of

cons exom@dedmbod imdnenNel g1 4@ et @r ghe cabmyt 6gtofmdlel status
context nodel status in the slice header introduces

an d9erfhend tdeeisédinyd shitcel yhgatecedingt libicasaqultiplexed
mﬁiizr?ggsaggggglgg the probability generatlon unit
30 so that the context model status is inherited
15 from the immediately preceding slice.
Fig. 20 is a flowchart showing a process
performed by the'arithmetic decoding unit 27 of Figq.
19.
A difference between the flowchart of Fig. 20
20 and that of Fig. 14 is that, in step ST10 for
transm;ssion unit decoding initialiiation, the
context model status 39 restored from the slice
header is Qutput to the process of step-STB for
generating the'probability of occurrence of 0/1 for
25 each bin by referring to the context model
determined in step STl1. The context model status 39

output to step ST3 is used to generate the

probability of occurrence of 0/1 in the probability -

generation unit 30.

30 If the number of context models is extremely



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

|ar§%r{?5“d§%k9ﬂ Squf%ngﬂ@eW@Lde%EtQQEﬂJ§ in the

10 status may be“inherite r these context nodels

onl ¥1 i€ hEdedet Gotk exlau®ds! Fiprovhi Ehehlde cstdleds by slice
is inherited may be explicitly multiplexed into a bit

straeadershatihhesigt pag@y konstekactmudlels providing
inherited for inportant context nodels 15 dependi ng on

t hesligpal fderaiti ewnbhatlactics itho tildeocodsihgseddeiciency
descri bed, according to the second enbodinent, for .

5 r afayi sBeos ot eedfst e§sed Watled helas sociadidi §&iadhes 1s
units, the_slice header data 20 has the register flag,

t he®Idit+BL S%8fst er value 34 and the context nodel

tat [ L ttached.th to, the initial
eqi ster Oy CHANRTGr A B CEhS | Bl Syspgonal
regi ster SHhd i M b grster ™
A R S I b

i ndp 63t NGnt Nen EWEE%EtT¥@|cSéEH§ﬂ¥OIBﬁe so that the
I medi ately preceding slice. Accordingly, it is

1opossithlteu & omeey f Bemigheimigt st ok kesedg duntext models
continuity of the arithmetic coding process. The
codongd yef f Thieenty pies @0 rwmimt axtednoviel efbhre which the

resilience to transmssion 41 errors is_inproved. In
t heS§@d0hg difbotinhEritgds|mar 19 ueKeifdtlggsidd iplexed

as a transm ssion unit. AItergativeLy, t he
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




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

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

t he innediatelx %recedlng slice is attached to a 10
cur?@ﬁi’ﬁ%ad@ﬁ W Y 6Fe, referring to Fig. 81 even

when bl oc ?é?gn% gﬁﬂﬁ%%hmfﬁegmﬁbebg%¥%cture is

C are | oca e erent |ces e cod
ef f heisRNfydl %é ”Hf %Vxeé’nkﬁfloé@ho@f apaRi | tyl%dﬂpﬁatllamly, the

u3|ng context nodels, by exploiting the 15 context

Ekéﬁéﬁﬁsﬂﬁvbhﬂ$bﬂ iy degemlnyngppeicable to a
probability for block C. The coding efficiency with

sSwhi ¢b ntfnieg tiransirbssiion whiitch s acodedeios fidapta veky a
control l ed such that the slice-to-slice
i nt eragmaemceons utot tdi sregarded but the context 20

nodel status for the i mediately precedipg slice,i.s
fully aqmamﬁﬁeuﬁgp@a&a%mép YR80 Srobh ”qq@aggon

oxt FBAGIGA &%éiﬁieﬂzﬁ?é%éﬁ BaEh gg b dE the
'm*fﬂh,t%tﬂ PG edng sliGhy | 811l eUSed 2pdadiedSto a
sliCe |ce er epen é%ce i's dlsregar

OcasﬁuWﬁtt %Qﬁ%ab'kg@f@fows Etatséi:ﬁindﬁt@ol ¥ig. 8,

hi g Referring to the bit strean1syntax shown in

Fi gevd® whersesoodenbodinenb 1kask beenimtedidedly30preceding
assum ng that information indicating the context 42

nmodel ogtkat Os e datwated hini dieff erenyt pedcietieag the coding
slice is attached in each slice header in addition to

t heeffdistenawsés fimpravedhéhirevigdl pegbakility

adaptation using context models, by exploiting the
15 context model status of block B in determining the
probability for block C. The coding efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
20 model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the
25 slice-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

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

30 assuming that information indicating the context



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

i nf i 08 ¢landi Saty Eg%éxmﬁef%§mgﬂméﬁ§5%%f gpﬁ§ceding

data in the inmedi ately preceding slice Is attac

in eaghrsl ige Neadehedl Loy nddbnelads ithe Hroat®d in addition
nodel status reset flag (see Fig. 21) may be provided

i rrespedie veeafishehereska refast eindesdie findgc bad register
the initial register value according to the first

enbvdilvent agre pd dvigdede $die¢ hfil ratl yehH avhen etrtie.

context nodel status reset flag is off, i.e

.e. the
Sconbdtempative byus thenseghster th@satnfﬁaﬁa iapd the

i ndi.cati ng. t he cpntext nodel status data in the
i medidt %f } prRstRAtSF sYRIS sAGECHK %é&ng? e jRirst

v EmEd L R8n ki Ay diR Rt S St BR A b ar e
m“iﬁf@fhaﬁ?ﬁﬁagﬁa;?gﬁﬂﬁf‘ﬂﬂ @n@ model status for

partltlonlng a are

WTHEQ@?¥EOEWé©1h&éH19%E1§yege@@§1%§“@h§ce is_attached
expl ai ned below is taken fro rking Driaft Nunber 2,

10Revini eacddh dYhddlrehder. anytdemgodvegdl gechasire context

di scussed in Joint Video Team 30 (JVT) of 1SO I EC MPEG
wumoﬁelraCE@uﬁheakettfl&gd(s@&méiqmsh@nymhwabe

itens of a specific type as there are nmacrobl ocks in

a ﬁﬁ@@%ﬂ?@cﬂ@ﬁ#ﬁ?%ﬁ%%ﬁe|QﬁFW@e©he@1$@?omﬁmlSter reset

The iesultqgt ata. unit
ag an e 1n1t1a1 register value according to

the first embodiment are provided, so that only

15 when the context model status reset flag is off,

20

25

30

i.e. the context model status is not reset, the
information indicating the context model status for
data in the immediately preceding slice is attached

for use in decoding.

Third embodiment

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

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

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



transmtted in the formof slice data. The slice 5
data (data unit) constructed by %houping is of one of
data types 0-7 such as those sho bel ow, for
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2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform
coefficient pattern in macroblock)
15 4 TYPE 2x2DC orthogonal transform coefficient data
(1)
5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)
6 TYPE_COEFF_C orthogonal transform coefficient
20 data (3)

7 TYPE_EOS end of stream identification information

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

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

slice of a type TYPE_MVD, only the context model

30 status for motion vectors occurring at the end of
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Fig. 21 shows an exanple of bit stream generated by

the arithmetic coding unit 6 accgpding to the third

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

are collected to construct slice 10 data of a data
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thereto a slice start code, a data type ID
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conpressed data nay have 30 attached thereto ID
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header data. Referring to Fig. 15 the arithnetic
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context model status for motion vectors occurring
in the immediately preceding slice.

When only orthogonal transform coefficient
data (2) of a data type 5 or TYPE_COEFF_Y are
collected to construct slice data, the slice header
has attached thereto a slice start code, a data
type ID designating TYPE COEFF_Y, a context model
status reset flag and information indicating the
context model status for orthogonal transform
coefficient data occurring in the immediately
preceding slice.

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

transmission and the compressed data may have

attached thereto ID information referring to the



[ 3]

1

15

20

25

30

Q

a slice in accordance with the data partitioning rule

descri bed above, so that the ID igfornmation

designating the data type and the context node

| earni ng status corresponding to the data type are 10
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context model to be used is determined by allowing
the transmission unit decoding initialization unit
37 to notify the context model determinatian unit
28 of the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the
transmission decoding initialization unit 37 to
notify the probability generation unit 30 of the
context model learning status.

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

arithmetically coded such that coding is continued

across bounds of transmission units by inheriting,
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shown in Fig. , 1t 1s 15 assuned that the header o

sli e adedmibeyi@nguveit dat@t?%dﬁédatdcﬁ@&i@aﬂd@fﬁbo the
a context nodel status reset flag and information

i nddedtd ngyplee. Aowrtcaxd imgdet, stathusghf dsgnaeien dfheerror

i mredi ately preceding slice when the flag is off.

SAl t EEFalt} veng e 20si ensused |andcdiegecaling #ffheiency of

bit stream syntax according to the second enbodi hent . .
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givep.data,type may have attached thereto a contex .
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t he t el 25 status of data in the i medi ately

pre%é théngﬁg' when the flag is off, in addition to
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value. Alternatively, e context no status reset

10f | agt romyt Ree@ dted ocxghRalzd headdOr@BliPNto a data type
i ndicating 30 the context nodel status of data in the
I Mmasli at dl yaddmps ededi ngndlt ceviidied Wiyame saalked ddso be
use in decoding, irrespective of whether the register
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provided._5 In the first through third enbodi nents, )
vi deo In the example of bit stream syntax according

to the third émbodiment shown in Fig. 21, it is
15 assumed that the header of slice data for a given
data type has attached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Alternatively,
20 in a similar configuration as the bit stream syntax
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



data is given as an exanple of digital signals. The
present invention is equally apMdfxﬂﬂe to digital
signals for audio, digital signals for sill pictures,
digital signals for texts and nultinmedia 10 digital
3'g%ﬂécéﬂﬂﬁ&°§l@5§31§”%fﬁé éﬂt@ﬁ%é&r%bfnﬁse in
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constructed from a plurality of slices, i.e. a video
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15 partitioning for collecting data in a slice

according to a data type, is given as an example.
Alternatively, an image (picture) constructed from
a8 plurality of slices, i.e. a video frame, may be a

transmission unit. The present invention also finds

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



tabl e of probability of occurrence which is assigned
for each codi ng synbol, and wherein said arithnetic
decoding unit initializes a decoding process when
decodi ng of signal in said predeterm ned units is
started, based on informatign of initializing said
table of probability of occurrence which is
mul ti pl exed on a header of data for said predeterm ned
units and information of initializing a register val ue
whi ch shows the arithnmetic decoding process. 2. A
digital decoding nethod for receiving and decoding a
Claimspr essi on-coded digital signal, conprising:
recei ving said received conpressed digital signa
L. r eckidigithl idacqstinglepraratupdor ieneiving anghdaceiimgsa¢aimpression-coded
. received digital signal is coded in every said
digittl silpabreviched inpradstapinited uniidacamprising:abl e of
probability of occurrence which is assigned for each
an @kneide dseaBig, unitaior dekodoni yaf eempressoddigtiab signalirgéaiedd in said
signal received in said predeterm ned units, wherin
predesamncdginits.sphareint i al i zes a decodi ng process when
.deching_of signal in said predetermned units is _
saidstegeiy e dighak ignal ris icadask ivaeveon saie predetarmined unifs swithyupdating a
tabl e of  probability of occurrence which is ]
tablgf probpilibaefnscurenss devichois agsgnedsfor eashicadips spabelr anchwherein
.units and informatjon of initializing a register value
said, @i RIReUh GGROdMEUHY InitiabieS @ dgerdng Rigecss egsdeceding of signal in

said predetermined units is started, based on information of initializing said table of
probability of occurrence which is multiplexed on a header of data for said predetermined
units and information of initializing a register value which shows the arithmetic decoding

process.

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

receiving said received compressed digital signal received 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, wherin
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 and information of initializing a register value which shows the arithmetic decoding

process.



