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ARI THVETI C  DECODI NG METHOD TECHNI CAL FI ELD The present invention relates
to a digital ,10 signal coding apparatus, a digital signal decoding
apparatus, a digital signal arithnetigpgedrareicwd and a digital signal
a ithnetic decoding nethod used for video conpression coding and
conpressed video data transm ssion. 15 BACKGROUND ART In International
standards for video coding such as MPEG and | TU-T H. 26x, Huffnman codi ng
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vari es. Arithnﬁpkﬁnffﬁgggggﬁga%pposed as a nethod that adapts dynamcally

to the probabi 'ty © nce of individual information synbols and is
capable of 30. representing a plurality of synbols as a single 2
codewor d.

TECHNICAL FIELD

The present invention relates to a digital
.10 .signal -coding apparatus, a digital signal decoding
apparatus, a digital signal arithmetic coding
method and a digital signal a ithmetic decoding
method used for video compression coding and
compressed video data transmission.
15
VBACKGROUND ART

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

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

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

Arithmetic coding is proposed as a method that
adapts dynamically to the probability of appearance
6f individual information symbols and is capable of

30. representing a piurality of symbols as a single



The concept behind arithnetic coding wll be outlined by referring to Mark
Nel son, "Arithnmetic Coding + Statistical Mgdeling = Data Conpression 5
Part 1 - Arithmetic Coding", Dr. Dobb's Jourfial, February 1991. It is
assuned that an information source generates information synbols

conpri sing a'Qﬂﬁ?S&?zﬂfg a nmessage "BILL GATES" is arithnetically coded.
10 The probabili1ty of "appearance of individual characters is defined as
shown in Fig. 1. As qipéli eatrRdept »ERIHE a RAVERe©LcFidbdingPasilande of
a probability line defined by a segnment (0, 1) are uniquely éstablished
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and a Low V&l u®axtt he v agéthime 1. Gding tod®r'd "Dl eudMuEnatne
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of the letter 3¥itBmetically coded.
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10 : The probability of appearance of individual
characters is defined as shown in-Fig. 1. As
indicated in a column "RANGE" of Fig. 1, portions
of a probability line defined by a segment [0, 1)
are uniquely established for respective characters.

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

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

To code "I" subsequently, the range [0.2, 0.3)
identified in the process of coding "B" is regarded
as a new segment [0, 1) so that a sub-segment [0.5,

25 0.6) is identified therein. The proéess of
arithmetic coding is a process of successively
bounding rages on the probability 1line.

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

30. represented as a Low value "0.2572167752" of a



conpl eted. A decoding process is an inverse of the coding process. 5
First, the coding result "0.2572167752" is examned to determ ne a range
on the probability line in which the result3lies and determ ne a
character assigned to the range. In this case, we restore "B". 10
Thereafter, the Low value for "B" is subtracted fromthe result and the

resul tant val usegmeenltviaiftely the reodihuydeo 6f tilhe dlatgeeaf "B, is
produci ng "0.572167752". This enables us to restore "I" corresponding to
the segnment [O¢cémpd&kedrhe 15 process is repeated until "BILL GATES" is
restored by decoding. By performng an arithnetic coding as _described
above, a nessage of Bxd@edidgt PIRREES beS mifhelNdiRBS 8 Aol & ovieddng

In actual 20 |nglenentation it is inpossible to operate with infinite
deci mal preci HbREDFeover, nultiplication and division are necessary for
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t he above 4 escribed process enables entropy codi ng adapted to
character assigned to the range. In this case, we

restore "B".

10 Thereafter, the Low value for  "B" is
subtracted from the result and the resultant value
is divided by the magnitude of the range of "B",
producing “0.572167752“. This enables us to restore
“I" corresponding to the segment [0.5, 0.6). The

15 process is repeated until "“BILL GATES" is restored-
by decoding.

_ By performing an arithmetic coding as
described above, a message of extreme length could
be mapped onto a single codeword. In actual

20 implementation, it is impossible to operate with
infinite decimal precision. Mereover;
multlpllcatlon and d1v1510n are necessary for
coding and decoding so that heavy computational
load is imposed. These problems are addressed by

25 floating-point decimal computation using, for
codeword representation, registers of an integer
type. The : Low value is
approximated by e power of 2 so thetimultipliqationi
and division are replaced by shift operations.

30 1Ideally, arithmetic coding according to the above-



the probability of occurrence of information synbols. Mre specifically,
when the probability of occurrence varies dynamcally, the coding 5

ef ficiency higher than that of Huffman codingtis available by tracing the
variation and updating the table of Fig. 1 appropriately. Since the

digital signal arithnetic,codin met ho nd digjtal arithpmetic _deco
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above, each vid r i hvi.ded into ] SSis in units
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i mmedi ately defined as a group 20 of codewords. In arithnetic coding,
however, a Speeiffiicbdadyrhéxplieri tihhasushatdioff Hwbdiman eoddesg is
required. In addition, for resunption of coding, the process of learnin

t he probabilityay®ibzbde dnyetafacing ctheywast sasian dapd repdatsbngs t
to output bits for establishing a code. As a result, the coding efficiency
may suffer priofFatd&n8f FibFeqlemPPFameiatedchsi on. Another problemto

whi | 6 coding a video PAINEE ahB S HAE U3 hinf WA T o B0k BPMHEHE! T Sha |
units such 5 ageRIGE! afY 2118 ¢4 NP SEhARL 14644 Wa%h P method
- ;% 104 aceording to the related art are configured as
described above, each video frame is divided into
segments for transmission in units that allows
resynchronization (for example, MPEG-2 slice
structure) in order to minimize degradation
15 occurring in an entropy-coded video signal due to
transmission errors.

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

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

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

30 the frame has to be divided into small units such



packet cannot take place without the inmmediately preceding packet data so
that significant adverse effects on video quality result when a
transmission 5 error or a packet loss due t& a delay occurs. The present

i nventi on addresses these problens and has an objective of providing a
digital signal coding apparatus and a digif{al ,signal, codiing nmethod

capabl e of enst§i RgcKet gladeyr £ ot Eanimadsiant | 8%5P 4R nBfofi ng a
coding efficiency of arithnmetjc coding. The.present _inventio
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present invention, &lkegprasenitgnohveationonatiressemi thesecprnelens
by arithnetic coding. Information representing an arithnetic coding
status, occurrdmg hasn ant chpetssion of tpray iskengcAdedigidya be sdgnal

mul tiplexed into data constituting a_subsequent 6 transm ssion unit.
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det erm ned, capable of ensuring a high degree of error
10 .resiliency and improving a coding efficiency of
arithmetic coding.

The present invention has a further objective
of providing a digital signal decoding apparatus
and a digital signal decoding method capable of

15 proper decoding in a situation where the coding
apparatus continues coding across bounds of
transmission units, by inheriting, instead of
resetting, the arithmetic coding status for earlier

transmission units or the symbol probability

20 learning status.

DISCLOSURE OF THE INVENTION

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

30 multiplexed into data constituting a subsequent



based on dependence of the digital signal coded on the signal included in
one or a plurality of 5 adjacent transm ssion units, the probability of
occurrence may be | earned by counting a frequéncy of occurrence of coding
synbols and information representing a probability |earning status,
occurring when a given transm ssion unit has been 10 coded, may be_ .
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Is started, bas on information nultiplexed into data constituting the
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Alternatively, a probability of synmbol occurrence wused in decoding the
transm ssi on uniof neycherrenct a fzedb dhag degmbiods oénd tiafonmatdonnit
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10 coded, may be multiplexediinto data constituting a
subsequent transmission unit.

With this, it is possible to continue coding
across bounds of transmission units by inheriting,
instead of resetting, the earlier arithmetic coding

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

In accordance with a digital signal decoding

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

25 unit and representing an arithmetic coding status.
Alternatively, a probability of symbol occurrence
used in decoding the transmission unit may be
initialized when decoding of a transmission unit is

started, based on information multiplexed into data

30 constituting the transmission unit and representing



may be decoded, by determ ning a probability of occurrence of restored
synbol s, based on dependence 5 of the digital signal decoded on the signa
included in one or a plurality of adjacent 7transmission units, and by
| earning the probability by counting a frequency of the restored synbols.
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phrase "BILL GATES" is arithnmetically codéd. Fig. 3 shows a construction

of a vided codifgt hepariad #8aldigigala 5i gedloded mh aphe ad ighalaccording to
a first enbodi nent of the present 25 invention. Fig. 4 shows a
construction dnclwdedo inleomad ngragpapnoa ity taf sdgiatendcodi ng
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construction $EaHEmIGsieRhNstiESecoRd d¥ tleagining. thegprohgbidity,
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With this, proper decoding is possible in a
+ ~wm.~-10  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

probability learning status.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the probability of occurrence of
individual characters when a phrase “BILL GATES" is
arithmetically coded.
20 Fig. 2 shows an arithmetic coding result when

the phrase "BILL GATES" is arithmetically coded.

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

25 invention.

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

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 7 illustrates a concept of a context nodel. 5 Fig. 8 illustrates an
exanpl e of context nodel for a notion vector. Fig. 9 shows a slice
structure. Fig. 10 shows an exanple of bit s@ream generated by the
arithmetic coding unit 6. 10 Fig. 11 shows another-exanple”"of bit 'stream

gener ated by Lhe arl (et ¢ cP8l 09 MbL Sl ko sty 2B S A0S Lage e O
14 Ts 2 11 onchdret SPLAeA cBreThE A REN L RN At L s g tan &
coding un ¢ 6 accordiig? o a SoRRRd L Bbeered G BF (he brosanpeRE ¢

i nvention. Figmoddens a flowhart show ng processes perforned by the
arithnmetic coding unit 6 of Fig. 15. Fig. 17 illustrates a context nodel
learning 2% status. FAg. 88 ishbustanatesd e efxdmplet reeBincogenexat anodgl
the arithnmetic coding unit 6 according to the second enbodi nent. Fig. 19
shows an inter #&Axr cangtatutenovettone 30 arithnetic decoding unit 27
according to the second 9 enmbodinment. Fig. 20 is a flowhart show ng
processes Fig. 9 shows a slice structure.

Fig. 10 shows an example of bit stream
generated by the arithmetic coding unit 6.

e w0 oo s Fige 11 shows'anotherﬁexample”bf bit ‘stream
generated by the arithmetic coding unit 6.

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

Fig. 13 shows an internal construction of an

15 arithmetic decoding unit 27 of Fig. 4.

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

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

20 embodiment of the present invention.

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

Fig. 17 illustrates a context model learning

25 status.

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

Fig. 19 shows an internal construction of the

30 arithmetic decoding unit 27 according to the second



performed by the arithnmetic decoding unit 27 of Fig. 19. 5 Fig. 21 shows
an exanple of bit stream generated by the arithnetic coding unit 6
according to a third enbodi mrent of the present invention. BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON 10 Hereinafter, details of the invention wll be

expl ai ned by BBHﬂhﬁﬁn he best node for carrying out the invention with
reference to the attached ™ drawi ngs. First enbodinent 15 A first enbodi nent

of the present inverE{gQn i ese | a ' in D
Marpe et al. "V deorli%grrprzzoss?%n rﬁ.%g@nﬁ% %égéggmidgglto?\c/éegir%%thnetic
Codi ng", | ntemeatforated CoRf ef RBCR PNt hifRdei Br essldichg0Qhiti n2vhich 24 q.
arithnetic coding is applied to a video coding schene where a square area
of 16 x 16 piX&ds (hereinafter, referred to as a macrobl ock) produced by
uniformy dividing a video frame is a coding wunit. 25 Fig. 3 shows a
constructi®dn of a vifde®- c@di rghomspaant exqmpdie o £sibyirtal stadiam appar at us)
according to the first enbodinent of the present _invention. Referring to
Fig. 3, a not3&GPetatrdiBy thet axrikhmedikc acaiBg Wrtibr 65 agFoadhngs
reference i nage

t he 30 macrobl.ocks an.inpyt yideo signal, 1, using a 10,
4 stored in a® Hﬁmghﬁﬁﬁye OQLMERT %xﬁ%%n&ﬁ?gﬁqﬁﬂ%HVQRﬁE?Hxns a
tenporal predicted i mage 8 based on the notion vect or 5

BEST MODE FOR CARRYING OUT THE INVENTION

- 10 -+ - Hereinafter, details of the invention will be
explained by describing the best mode for carrying
out the invention with reference to the attached
drawings.

First embodiment

15 A first embodiment of the present invention is
presented using an example, disclosed in D. Marpe
et al. "Video Compression Using Context-Based
Adaptive Arithmetic Coding", International
Conference on Image Processing 2001, in which

20 arithmetic coding is applied to a video coding
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.

25 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

30 macroblocks of an input video signal 1, using a



extracted by the notion estimation unit 2. A5 subtractor 51 determnes a

di fference between the input video signal 1 and the predicted i rage 8 and
outputs the difference as an tenporal predictildh error signal 9. A spatia
prediction unit 10a refers to the 10 input video signal 1 so as to
generate a spatial _prediction error signal 11 by making a prediction from
spatial |y nei ghb&ETRranae iRage destioned inapeframedmemasge 3a. A

determnation unit 12 selects a npde rfg@ble of coding a target macrobl ock

most 15 effici enfAFLR8 &ﬁrbateél%mﬁa &5 it oF RS oR1 eSS dntafperal
I db h t 12 f
comensat ton modE i TBEES LB Bhs g8 ba i RE MR TR 5 ErEe s 3,

conpensati on nod

ski p nmode forfi@%%%¥@%éﬁfﬂ§ T ﬁdﬁ%ﬁﬂré@ﬁfm%&f%ﬁouﬂﬁktaetﬁmporm

prediction error signal a nul T “conponent an i ntra node

coding the $patsabtr&ditdr 091eIdeF e FindNPeslh &ﬂf@éf@ﬂe@albéw@%ef@he
unit 15 subjects the signal selected for coding by the coding node

deteHnnat|m1unthﬂktUuﬂé@Dg@gﬂalramﬁmdmﬂﬁeaﬁrédu@uumﬂlmaﬁﬁwsndnd
transform coefficient data. A quantization unit 16 quantizes the
orthogonal tram@espitseftliei dif flarenwie haa grantkeapdyali nuir e dtiedt by na
quanti zation step parameter 23 30 determ ned by a coding controller 22. 11
An inverse quant EEPilbnSEtﬁmal893ubj ects orthogonal transform coefficient

data 17 output fromtﬁes%§¥l tﬁggdwgél%g\%é?ttTagr%g¥é¥Et¥o the
10 input video signal 1 so as to generate a spatial
prediction error signal 11 by making a prediction
from spatially neighboring areas in a given video
frame. A coding mode determination unit 12 selects
a mode capable of coding a target macroblock most
15 efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector 5 is
20 zero and the temporal prediction error signal 9 has
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
25 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

30 determined by a coding controller 22.




I ndi cated by the quantization step paranmeter 23. An 5 inverse orthogonal
transformunit 19 subjects the orthogonal transform coefficient data
subjected to inverse quantization by the invddse quantization wunit 18. A
switching unit 52 selects for output the tenporal predicted i mage 8 out put
fromthe notion 10" coppensation unit 7 or a spatial predicted i mage 20

out put from the spati afPpriddy eFiSch @HAD tbaatiipn qudckidadde S#¥P A eGHeS codi ng

de informati fromthe codi de. det er mj nat i it 12, A
dder 53 nads et SRt REt EF Ansfo ERe oo ERLThERE (A Easd T oSHP Bt put
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decoded i nmage 21 an . ( : . .
menory 3a as theindgieiesae Hyega et qdQndl 2ALENEL EE dtgag_a%{:eg 23. An
e codi ng node

subj ects coding data includi'ng the notion vector 5, t
information 33, mvepaie abrplesyenoh #8ea sfo rheundnt hPgorab j£ary Of Ae
coefficient data 17 to entropy <coding, so as to output a coding result via
a 25 transmi ssi shrbhPfigonad dsraosfiesmedos fifdadidnat?2@atihesuniected to
controller 22 controls conponents including the coding node determ nation
unit 12, the qUENYPESS cBUaTitlzataient by i hher senverse i qusindhigaitias.

30 Fig. 4 shows a cgnfi uration, show ng a video 12 decodi ng apparat us
(digital signal "dttbait ép&ﬂ%?ﬁ&ﬁ%ﬁc&ﬂﬂ%g5€o?ﬂéeﬂﬁ§t Sfbom it ot he

the present i”%%ﬁﬁB?afkﬁ%@&fgt%%Fiﬂad% §"output from the motion

10 " compensation unit 7 or a spatial predicted image 20
output from the spatial prediction unit 10a, in
accordance with the coding mode information 13
output from the coding mode determination unit 12.
An adder 53 adds the output signal from the

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

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

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

30 Fig. 4 shows a configuration showing a video



arithmetic coding unit 27 perforns entropy decoding 5 so as to restore
paraneters including the notion vector 5, the coding node information 13,
the spatial prediction nmode 14, the orthogppal coefficient data 17 and
the quantization step paraneter 23. The inverse quantization unit 18 10
subj ects the orthogonal coefficient data 17 and the quantization step

par amet er 23 gesic edYabBi = PELBNTEA LG 1UeF9Uiga et dokddi hayer se

guanti zation. The inverse orthogon ansformunit 19 subject t he
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parameter 23 thus inverse quantized to inverse orthogonal transform The
noti on conpenpakisean tiniitn Ve nesitoom es Reénfe rtreimgr alo pFddy ct dd iamge 8 usi ng
the nmotion vector 5 restored by the arithnetic decoding unit 27. Al 20

spati al predi@Fridhnakdcopoddnar es ite2dpapeaifopnedientsd aprgd xvofidong
t he spatigl predi ction node 14,restored by the arithnetic decodi ng unit
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nf or mat | on 52 PE&Hr 8. 5 ShE S F BRI 4 bR ACTa bian 233 anthdber 55
fransform uiEoEg th PRESHEbAo R Bider 1dh { R P EETR8°%0 Bni T 54 so as
L0, et 5 SQHELG TR el ) d OO LB L guBerelp) o o
subsequent t p4Pgméaceded i M@fLlinverse quantization unit 18
b 10 'subjects the orthogonal coefficient data 17 and the
quantization step paraméter 23 restored by the
arithmetic decoding unit 27 to inverse quantization.
The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient‘data 17 and
15 the quantization step parameter'23 thus inverse--
gquantized to inverse ofthogonal'transform.
The motion compensation unit 7 restores the
temporal predicteﬁ image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
./ 20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
14'rest§red by the arithmetic decoding unit 27.
A switching unit'54 selects for output the
temporal predicted image 8 or the spatial predicted
25 image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error

signal output from the inverse orthogonal transform .

ek

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
enbodi nent. First, the operation of the video coding apparatus and the

vi deo decodi ng apparatus will be outlined. (i outline of the operation of
the video 10 coding apparatus The input image signal 1 is input in units
of . macrobl ocks derived fromdivision of individual video franes. The
notion estinmati odegoded dmage 2 dis ook ngdappmr at USrasie mero ntyhedb so
notion vector 15 5 for each macrobl ock using the reference imge 4 stored
in the frame nemdfy 3. behased &v casparateor upredictest rimagea hgor a

t enpor al predict%d I mage % based on the notiqgn vector,K 5 when_ the notion
detection unit 2iZAMSCEUPsRARRE tobPobRRcHSC T el RA[E attor 51

[ the t I di cted . 8. th ti ti it
7 and determi nes a di roPEMEBBNARH PHELl nBR PRagt ernaf1 i the
g?”pora' predictg e'f?@f?ﬁ- Fc S0% S t&%tf’ﬁe“ﬁ{gﬁ% Oé'l%lﬁ'btéilgaﬁt.
| fference, the enporal prediction error signa , 1O e coding node

determnation unit 12.ribgpathad PpedLEion W ttha veb¥s Eedirgg i nput
video signal 1 so as to generate the spatial 30 prediction error signal 11

by making a predappaatds famd spai i aildededebding adpparatasgiwedl be
video frame. The coding node determ nation unit 12 selects
outlined.

(1) Outline of the operation of the video
coding apparatus - -

The input image signal 1 is input in units of
macroblocks derived from division of individual
video frames. The motion estimation unit 2 of the
video coding apparatus estimates the motion vector
5 for each macroblock using the reference image 4
stored in the frame memory 3a.

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

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

The spatial prediction unit 10a refers to the

input video signal 1 so as to generate the spatial

prediction error signal 11 by making a prediction



a node capable of coding a target nmacrobl ock nost 5 efficiently and outputs
the coding node information 13 to the arithnetic coding unit 6, the node
sel ected by the code node determ nation unia 12 being one of a notion
conpensati on node for coding the tenporal prediction error signal 9, a
skip node 10 for a case where the notion vector 5 is zero and the tenpora
predi ction erEvomsigpalt i hiy ameighbaoipgnaneaandimnai g ivemdeifler
coding the spatial prediction error signal 11. Wen selecting the notion
predi cti on nofiEamehe codi ng node 15 deternination unit 12 outputs the
tenporal prediction error signal 9 to the orlhogqnal transt rn1uEit 15 as

a signal that requiFe® CRAREY NRES PEeTMnafkdAht PR Mbdd 2 tF8L1E6diHg
d det ' ' it 12 tputs t ti,al 20 | Gti [ |
T2 %o the orthobsh ‘PrpaRl8 b fo i 408, H pAEe RAF HaToFl hadieng
Y o . U . I . .
hen'the" 1 90 OLAKL ALY EREE d3e B Bl A5QT ORI P oty

information that tedthees £08hitkt YherRddengnty @i 804, | eheelpeldesd, the
intra prediction node 14 is output fromtheé spatial prediction unit 10a to

the arithnetseleedied Wy ttReacddéomtadeoddthatmimeaiuiogs waditngl 230 The
orthogonal transformunit 15 receives the 15 signal that requires coding
fromthe codilgimgdeonedetoeh nanatd tohonniconpensf dotre mhdesi foal ¢eoding
ort hogonal transform and outputs the resultant .
the temporal prediction error signal 9, a skip mode
10 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. When selecting the
motion prediction mode, the coding mode
15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that requires coding.
When selectiné the intra mode, the coding mode
determination unit 12 outputs the spatial
20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.
When the motion prediction mode is selected,
the motion vector 5 is output from the motion
estimation unit 2 to the arithmetic coding unit 6
25 as information that requires coding. When the intra
node is selected, the intra prediction mode 14 is
output from the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
requires coding.

30 The orthogonal transform unit 15 receives the




orthogonal transformcoefficient data to the 5 quantization unit 16. The

quanti zation unit 16 receives the orthogonal transform coefficient data

fromthe orthogonal transformunit 15 and quentizes the orthogonal

transform coefficient data with a 10 granularity indicated by the

quanti zation paraneter 23 determ ned by the coding controller 22. By

al l owi ng the co¥iggadonthait! eregmitmescomdbhgt Hferomanktiie atosiisgemode

par anmet er 23, d$$ roprjate bal ance between a coding rate and 15 quality is

ensured. Gener g?ﬁﬂkﬁ%ﬁﬁﬂk BRlGrighnnkdEgteolid® daignabré&® in the
sion is_examned a redet ey m ned

t i ssion buffer 24 for t '
ransm ssion by gbﬁ@?ﬁéiﬂéé%ﬁg o%@eaqﬁ”gﬁaﬂﬂt%3dﬂgaﬁF&ﬂ%Haﬁ¥

intervals so t@ﬁ

SirL e L EURIER SRR el R,

buffer. For exanp

is control | sd PRt il Y WRER tge residual volume 25 is relatively
smal |, the codFﬁb rate iIs contro?ledbto be high so 25 that the quality is

i nproved. The inverseiplaguisast iematibh hieceisesetlrs vest kagenal
transformcoefficient data 17 fromthe quantization unit 16 and subjects

t he orthogonal onthogboarad ctafdn sifertm debz flffi £d d v edact B0Lavamt that i on
with the granularity indicated by the 16 quantization step paraneter 23.
The inverse or CHIgpREP & antframs Goinm 190 idubl Bctesnd hguan hbgeml theansform

coefficient data

orthogonal transform coefficient data with a

10 granularity indicated by the guantization parameter
23 determined by the coding controller 22.

By allowing the coding controller 22 to
control the quantization step parameter 23,
appropriate balance between a coding rate and

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

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

25 that the quality is improved.

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

30 gquantization with the granularity indicated by the



subj ected to inverse quantization by the inverse 5 quantization unit 18 to
I nverse orthogonal transform The switching unit 52 selects for output the
tenporal predicted i mage 8 output fromthelfotion conpensation unit 7 or
the spatial predicted image 10 20 output fromthe spatial prediction unit
10a, in accordance_mﬁ%h t he coding node information 13 output fromthe

|

codi ng mode dSE&HihaRFFPnFE e PavRae 8 &tli ng node i nformation 13

i ndi cates the nnti@ﬂ phedictgon nogg, t he arﬁtchin% unit 52, 15 sel ects for
Oﬁ_t |tout7 t\t}\ﬁetnerrpgr aelqufﬁ&%‘f%ﬁ |err?%’é c’_qc))%?ﬂ _tﬁ‘_BHFt f%r%f’inp’n't c&??penzat i ?Re
uni : i i .

sw t chi ng uni ?E5§ sel %c??@gérg&tﬁ(?ﬁ%r}e%%ggts{%f%r g:?ﬁéc?gd‘c:ln% E %gagﬁt put

fromthe spatéiabjetdrpacdiocti RPe¥ldsd 40Endhe Addsh B adfe tiypyaudut

signal fromthe switching unit 52 to the output signal fromthe inverse

orthogonab tramashdrimatbibnlQsotas 8 ot ogeieyalres d herkdengbnadecoded i mage
21. The locally 25 decoded inage 21 is stored in the frame nenory 3a as

the referencet¥apgdarmeo as to be used for notion prediction for
subsequent franes. The arithnetic coding unit 6 subjects coding data
i ncl udi ng the noti M §esWdtohinge ¢aditnf 2osel SOt Enfio racidipus, tie
spatial predi,ction e 14 and 17 the orthogonal transform coefficient
data 17 to e%?'?%ﬁf%gdpﬁﬁdé‘&B?ﬂi N2 g st pQuddtl | BEPM ot 8 BAYIQR put s
the coding resihfehshd fSpt W3SP SS90 the spatial predicted image
10 20 output from the spatial prediction unit 10a, in
accordance with the coding mode information 13
output from the coding mode determination unit 12.
When the coding mode information 13 indicates the
motion prediction mode, the switching unit 52
15 selects for output the teﬁporal 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
20 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

25 decoded image 21 is stored in the frame memory 3a
as the reference image 4 g0 as to be used for
motion prediction for subseguent frames.

The arithmetic coding unit 6 subjects coding

data including the motion vector 5, the coding mode

30 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 decoding unit 27 receives
the conpressed video data 26 fromthe videoldoding apparatus and subjects
the received data to entropy 10 decodi ng described later, so as to restore
the notion vec%?{ 5 tﬁe codi ng node information _13,, the spatial
prediction nodetff RENGIPRPInHTAREFRFBr FADELLCdiatht d&tA 13 TarkPt he
guanti zation s ter.23. 15 The Jnverse guantization .unit, 18

qUbj ecte the oFRIAIRG! COahEPoARGRAI Y ohE dF APE; AngcnPed later

quanti zation st ERPYPEBLYs Zéhge%@agﬁ?gyr&%]t@r{r&?@ﬂg %ﬁghgﬁbﬁ‘i%g °

I nverse quanti zati on. he i nverse or gonal ‘transStorm uni ] ec

20 the orthogonph fifewnshar M oehll SR rdas dell’ Pideot ReaglHamtd zati on step
paranmeter 23 thus inverse- quantized t0 inverse orthogonal transform Wen

the coding Bode infor(Ryi @uiBinestofed hdyopharatibmed £ctiaeodiireaini t 27
indicates the 25 notion prediction node, the notion conpensation unit 7
restores the telperalipgedipnadatmsye 8 using the notion vector 5 restored

by the arithnetic decoding unit 27, Wien the coding node inforpation 13

restored 30 by the aFReh@diith@edobendamrding inaitat2? recegvemithe

AR G T T T T A R DR T
' apparatus and subjects the received data to entropy

10 decoding described later, so as to restore the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14, the orthogonal
transform coefficient data 17 and the guantization
step parameter 23.

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

20 the orthogonal transform coefficient data 17 and
the quantization step parameter 23 thus inverse-
guantized 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 B
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



arithnmetic decoding unit 27. 5 A difference between the spatial prediction
unit 10a of the video codi ng apparatus and the spatial prediction unit 10b
of the video decoding apparatus is that, whilggthe spatial prediction

unit 10a is capable of performng a step of nost 10 efficiently identifying
the spatial prediction node 14 froma variety of avail able spati al
prediction nodesntiha apedesl thedisgaenainipriediésildi hedtt2ob
generating the spatial predicted inage 20 from the spatial prediction node
14 that is givenrek:dmesw hehispatnidl 54 road tetted hdniagpored upriadyctare
i mage 8.restored by the notion conpensation unit 7 or the spatial

predi cted i mage SP@teadorrpuediathbospauode ptédirss bonedt byobt hien
accordance with the coding, node information 13 20 restored by the
arithmetic decod?hd e iC decoddmEMAdGtUN?? <54 then outputs the

selected image to the adder 55 as th edi cted. i mage. The_adder 55,
receiving th prem(neﬁié#égqu%ﬁFdh££WQQ%iﬁ&Qm pajyiadjpresdction

di d ' . di¢tion. ' I f h '
b1 thogonal tr anaf i uhiE ReE sk Va8 sBPl Ry RRles FREene HE °°
genorate prod ot S mEgeta For L0RTRn TR N dR BL UMY (1B CERA R

gener at e predict e sequent Tranes. er ence

\%?deghgoairﬁne R{Pphaes Bdsands SRnePPsi il ke @ﬁée&%egwdﬁé%f&ﬁ

g apparatus and the video decodi ng apparatus respectively

hosti ng unit 10a is capable of performing a step of most

| - 10 efficiently ideﬁtifying the spatial prediction mode
14 from a variety of available spatial prediction
modes, the spatial prediction unit 10b is limited
to generating the spatial predicted image 20 from
the spatial prediction mode 14 that is given.

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

/ 20 restored by the arithmetic decoding unit 27. The
switching unit 54 then outputs the selected'image
to the éddér 55 as the predicgéd 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 iﬁage 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



the nenories. 5 (3) Arithmetic coding and decodi ng A detail ed description
w Il now be given of arithnetic coding and decoding according to the
features of the present invention. A coding pt®cess is performed by the
arithmetic coding unit 6 of Fig. 10 '3 and a decodi ng process is perforned
by the arithnmetic decoding unit 27 of Fig. 4. Fig. 5 shows a construction
of the arithmetithecdif apeumemordfesi §a An@ef3dy reapstisFsgins thee
arithnetic coding unit 6 conprises a context nodel 15 determ nation unit
28, a binarizati ghfdmeag,e Ddepreribi the geAent o4 iNg taBPA LA EHS nynd
unit 31 and a tyransm ssion unit generation unit 35. The _context, nodel

det ermi nati on untPe2d 1eer H8eeddng APRAY ALHS fﬁé&ﬁ?%ﬁ&%aﬁepfékﬁpﬁed
for each of 20 ipgdivi t.ypes of coding-data including the notion vector
5, the coding nnggbiﬁg%ﬁhﬁff%§’13, the spatial prediction node 14 and the

or t hogonal tjransfor(rjn fg@f fa.£4 €Rln @ %%%Igg ;glgar At 6@ nguni t 29

converts nmultil evel ata‘in accordance wt Inarization rule

determ ned for each ofatypasa Pledc 86 rdgi€iohewRlababoki bye gedetent | oF
unit 30 assigns a probability of occurrence of binary values (0 or 1) for
i ndi vi dual bi naryrietuesttse cddengiand zkecodidgeacabndiog tt8lthe
executes 30 arithmetic coding based on the probability thus 20  generated.
The transni ssi orf @atungsepd itheupinessnt nihyanticme tdnfAgimdgn RIRCESS

arithnmetic coding should be suspended and constructs data . .
is performed by the arithmetic coding unit 6 of Fig.

10 '3 and a decoding process is performed by the

arithmetic decoding unit 27 of Fig. 4.

Fig. 5 shows a construction of the arithmetic
coding unit 6 of Fig. 3. Referring to Fig. 5, the
arithmetic coding unit 6 comprises a context model

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

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

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

300 arithmetic coding based on the probability thus




constituting a transmssion unit at the timng. 5 Fig. 6 is a flowhart
showi ng processes perforned by the arithnetic coding unit 6 of Fig. 5. 1)
Cont ext nopde determination process (step S0l). A context nodel is a node
that defines 10 dependence of probability of occurrence of data synbols on
I nformati on that causes variation in the probability. By swtching between
probability SeneraitrediccBhdanteawnistnhisbd arpendancegenaratiopossnllte 36
perform coding adapted to the 15 probability. Fig. 7 illustrates_a concept
of context nodddicpkes gthe Giming Wwhgna thapbdAr ishasukedcaghingns 0-2
avai l abl e for ﬁ%% gre defined on_an assynption that the probability state
of the-data sPmsbisd: P2oshanended jan pHQQﬁtENﬁﬁﬁsaﬁg%nmrm on the
condition. In_.yj . ' accor di to_ the first.. eppodi,nent .. the val ue
for ctx is swc}l)crﬁsggl%?%r#%ﬂe% t%géﬁ%ﬂﬁ?gilﬁécgi‘t"&:angg \%ﬁl{% %Hﬂe’rﬁgrjendence
25 betweerny codi ng datig, fo lye l.qck . cadi ra

nei ghbori nrsg macr obl gc - Flgg.a'% élll &??%ﬁgsfqgnsggdnlb g c?{‘lq%%%tggx%gnodel for
a notion vect per fdemeR Y € thad N rtiakeReltriin Bod MgPargitak. o @aqy. 5.

Conpressi on Using Cont ext-Based 30 Adaptive Arithnetic Coding",
International 21 Cainf@entextn mhodge Peteaaring t209i. pihecesst exs t epdel
here is relevant to a notion vector in a nacrobl ock.
ST1).
A context model is a model that defines
10 dependence of probability of occurrence of data
symbols on information that causes variation in the
probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the
15 probability.

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

20 which ctx is applied changes depending on the
condition.

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

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

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

Marpe et al. "Video Compression Using Context-RBased

30 Adaptive Arithmetic Coding", International




Referring to Fig. 8, for coding of a notion 5 vector for block C. a notion
vector prediction error nmvdk(c), a difference between the notion vector
for block C and a prediction thereof from itgispatial neighbors, is coded.
ctx_mvd(C, k) indicates a context nodel. 10 nvdk(A) indicates a notion
vector prediction error for block A and nvdk(B) indicates a notion vector

predi ction error Cowferecicd. omvdiki Ay earkir o qedkd Bngar20 03ed Thedefdmeext
eval uated val ue ek(C). evaluated for switching between context nodels. 15
The eval uated vaP@dak(beredicatealavanti el oh PRtRNoY&REPSr sLN nat he

nei ghbors. Cenerall LT ek(C) is small, nmvdk(C) will have a small
magni t ude. | f ek(“é)cﬁl‘%bhé?rcé‘é: it is nmre likely that nvdk(C) will have a

I itude. 20 A {pgly, t obabj,l it f f gefe]

| ak( ) shoul d bost RBE SRELHS cHEpBIR B cho®) CHTEAR GO Mot EB .
n mvak(C opt P et O APG “iehient Mot 1%
Chere are {hree variath o lot R26 or Shat M0y S R TErE: Hs Qe

notion vector, ceprex xﬁv@qéﬁc%aread&i&fﬁkéﬁ_&eﬁpﬂb%@l@haﬂmlm@itr!goﬁhe
coding node information 13, the spatial prediction node 14 and the

ort hogonal transvechmaowetbirilebbcdat@ and 30 phreddietexdsnnmulsesedrfe Shemed
by the arithnmetic 22 coding unit.6 of the video codi ng apparatus and the

arithnetic decodih§ wpatiabfneighbdes detsdiomdedppastkusnvdh€ con) ext
model detm%ﬁnmiggiggée§8a context model.

10 - mvdk(A) indicates a motion vector prediction
error for block A and mvdk(B) indicates a motion
vector prediction error for block B. mvdk(A) and
mvdk(B) are used to define 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) 1is small, mvdk(C) will have a
small magnitude. If ek(C) is large, it is more
likely that mvdk(C) will have a large magnitude.

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

25 estimate.

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

and the orthogonal transform coefficient data 17.

30 The context models are shared by the arithmetic




of the arithnetic coding unit 6 of Fig. 5 selects a 5 nodel defined for a
type of coding data. Selection, froma context nodel, a probability

estimate variation is described as a probab2lity generation process in 3)
bel ow. 2) Binarization step (step ST2) 10 The coding data is turned into a

bi nary sequence by the binarization unit 29 so that a context nodel is
appl i ed to ea€fdding (BRdd: y6 lodcathenyvideehe adhngy appaseusTRNAukd s or
bi nari zation is.,in accqordance with the general 15 distribution of val ues of

the coding dafRltRAm§Lic iecraiRe Mindst y2deREnED S c¥d®C BFCOSHRY
h bi i t i t bj ti th til l di data t
S ot ¢ coipRaYafubtr e W S e naGe T ab ket pftt AF, RE ' I
e t i e vat »
oo Tryl O BN A b % TRO RS ol 6 WAL £0s8aRSETd

ST3) As B reapdlib10fqé e ¥ @CPS3eSa 1Lyl @ dWdeng ARakianari zation of the
mul til evel coding data and the setting of a context “nodel applied to each

bin are conpleted.sdbedl DoSngref noW reasynterx€odioel Fach peohiaixilindel
i ncludes variations giving an estimte of the probability for 0/1. The 30
probability cehtin@iton vairid®icafeis dedbdreilbed@3asom epiratwalbhlddter ni ned
in step ST1 Sgoer?grta%igreimgfégetshse J;_)Irloga)big‘ietl)év?f occurrence of 0/1 in

2) Binarization step (step ST2)

10 The coding data is turned into a binary
sequence by the binarization unit 29 so that a
context model is applied to each bin (binary
location) of the binary sequence. The rule for
binarization is in accordance with the general

15 distribution of values of the coding data. A
variable-~length binary sequence results. By coding
each bin instead of directly subjecting the
multilevel coding data to arithmetic coding, the
number of divisions on a probability line is

20 reduced so that computation is simplified. Thus,
binarization has a merit of simplifying a context
model.

3) Probability generation process (step ST3)
As a result of the processes 1) and 2) above,

25. 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




- IR

each bin. Fig. 8 shows an exanple of the evaluated value 5 ek(C) for

sel ection of the probability. The probabilitg generation unit 30
determnes the evaluated value such as ek(@3shown in Fig. 8 for
selection of the probability. The probability determ nation unit 30
accordi ngly exqgin S qstioa;ﬁlo available jn, the context nodel referred to
and det er ni nes- WAFER Y A PES bndBt §BbAsd i1y E4¢PabTl 80t @Setsed for
coding of a cur [ Codi.n rocess (speps ST3-ST7) As a ult of
fhe step 3. o menesAk | fhe R opaMLETES \TL “Br iz anne ooty 441" i
arithmetic codidigsphi gigetermned and identified on a probability Iine.
Accordingly, the coding unit 31 perforns arithnmetic coding as descri bed

with reference to theirpl ageghatls (S e@xgﬂfﬁlezgﬂ_h‘éh%cf[é@é%‘iﬂ%]ga 474 Pu 82

(O or 1) is fed back into the probability generation unit

frequency of o@dUfC enfemfselledsionuns £dthe Updatmabing thal i alHeon of
probability estimate in the context nodel used (step ST5). 25 For exanpl e,

it is assunmed, Pihabifdity gemeradfid®Oubiins BAvadeermimed thag a
variation of prohability estinmate in a given context nodel, the frequency

of occurrence &V3yAatRdervaiike vaurcdk ias eki( Q) olsddwhnt inesFigat e8i o 25,
the sane variation_of 24

8?Z§ébw;§?yleg?ﬁﬁ%€££$ﬁgu‘$ é%gggg@uﬁggﬁ%ceTQﬁ Rricd alpddtidey so t hat
the probabilityeermination unit 30 accordingly examines options

10 available in the context model referred to and
determines which variation of probability estimate
is to be used for coding of a current bin.

4) Coding process (steps ST3-ST7)
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

30 subsequently coded using the same variation of



occurrence of 0/1 is updated to 0.247, 0.752. According to this nechanism
efficient coding 5 adapted to the actual probability of occurrence is
possible. An arithnetic code 33 generated by 2she coding unit 31 fromthe
coding data 32 (0 or 1) is fed to the transm ssion unit generation unit 35
and 10 nmultiplexed into data constituting a transm ssion wunit as descri bed
in 6) below (st @F@FebilA tipt est hmbiton, | t headEr eguten eretcier otlvar r eehiceet vy
of a binary sequence (bins) of the coding data has been coded (step ST7).

If the coding hd&st 15 A&t Wedateshpset dchatomthral probrad idrduy t 0 fst ep ST3,
subsequent steps are

wher e probabili%y{g&neration for ﬁgch bi n and

performed. |f i CISUBERSGH nRd Ghht et RI@TRE pEBcdss2Ad cobpl’drid, a
transm ssi on uni Latj pracess descrihed 20 | ow i s perf.arned. 5)
Tr ansni ssi on unﬁtccgcgﬁgrlgti %opgtg"cleés ssléﬁgls@m- %’Fg)ei“A?'FtnﬁﬁTe‘FPgldb%li ng
turns a plurglibyaitedeq ' ' singl e A
25 speci al consi deér%tieon Eﬁgﬁﬁgh% gg%lefg?ggtﬁaﬁgofiég&%de%%siog%cg\gg%\?é%gt 18
decoded i nage shewgibge.created in units of franes so that a frame nenory
Is updated. This is because a video signal is characterized by notion

prediction between framesa®3Dthnetienedyel 3@y dheplayedT ey etdlee, cbiing
25 necessary to identify a boundary between frames in arithnetically
conpressed dat a4RRdr Ihefpwmotbenfcoding data 32 (0 or 1) is fed to

the transmission unit generation unit 35 and
10 multiplexed into data constituting a transmission
unit as described in 6) below (step ST6).

A determination is made as to whether the
entirety of a binary sequence (bins) of the coding
data has been coded (step ST7). If the coding has

15 not been completed, control is returned to step ST3,
where probability generation for each bin and
subsequent steps are performed. If it is determined
that the coding process is completed, a

transmission unit generation process described

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

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




mul tiplexing wwth other nedia data such as voice/audio and for the purpose
of packet 5 transm ssion, the conpressed data for transm ssion nay have to
be partitioned into units smaller than a fra2®. An exanple of sub-frane
unit is known as a slice structure produced by grouping a plurality of
macrobl ocks in raster scan order. 10 Fig. 9 illustrates a slice structure.
A macrobl ock is RRERPSAEaEYbFUoideatifiysa knadary, betvees stras@ps eins
used as a unit for, resynchronization in decoding. In_a typical exanple,

slice data are rbpERMREHCE 10| 6oMpFegsigd 19atanshert phtkdurpgse of
| -ti [Pt LSS f dia d h ' whi ch. i | ati vel
s torerant METEIRAedng, GokD StRsH Fedia i8R e il Aol (TP
is often used. A T 7 Pagket m <th r’rgh%t totﬁghggt ékg_tl;eader 20
%e nappedqggfg

portion. Slice data tor video nay a payl dad portion for
transm ssions Fair 248 £s ol KUche BombreddBaPaVd ©Ad feF Mk 408 mYVBET én
Audi o/ Vi sual Streans", RFC 3016 describes a nethod for mapping the MPEG 4
conpressed vi demaiat haad ot o2 aanpRHE PRY RS | A ntiv tendft $/PEMaAL BérCa@shan
(video packets). RTP packets are transmtted as UDP packets, Since UDP
does not supporta rErames.i 3pi e@xampd e eofi satly-dfr aie cenddt aisakmownr esxha
a decoding 30 apparatus when a packet loss occurs. |f the coding 26 of
subsequent slicé&ld®a i8¢ rwadnyonpd ohucest R yngirompingched dpddsFaddty of

slice, appropriate .
PPTOp macroblocks in raster scan order.

10 Fig. 9 illustrates a slice structure.

A macroblock is encircled by dotted lines.
Generally, a slice structure is used as a unit for
resynchronization in decoding. In a typical 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



decoding is not possible even if the subsequent slice data arrive at the
decodi ng apparatus 5 normally. For this reason, it is necessary to ensure
that any given slice is properly decoded in B6s entirety without resorting
to any interdependence. For exanple, it should be ensured that Slice 5is
10 coded wi thout using information of macrobl ocks |located in Slice 3 above
or Slice4 bel ow?fFGubspayeniens ldfcar daltnet Le cvelndg tidhed enmy, however,

it is desirable,tqg adapt the grobabiILty of occurrence of synmbols to
surroundi ng 15 tBAGRRIRIOK 95 Rt Aisaaedpdocelicsr, GRPPFHIPriate

probability line, Ta .ode.Slice 4 and Sli.ce 5 independent of each other,
for exanple, aé%ﬁ? I 3R ROt e pRRRALLR SVESHe r(hﬁ SPREFEREN L odi ng
are not maintai [ | [ f ast r ck in
Slice 4 is conp%]gggg]%?gsh%ib& Cafoﬁele?leegi %Fg%cfgnbes%&g?%aﬁlgni tial
state so that goghag iy, restarted. In this way, it is inpossible to
exploit correlation that exits between the end of Slice 4 and the head of

Slice 5 25 resultingon &hiwereadbng eff i §senfecedtifryatdedfcare
practice in the design is that resilience to unexpected Yoss of slice data
due to transnmtdsabnaery ogivien i shicmedist ghepeaslyoflexodedr ebse iitrs t he
coding efficiency. 30 The transm ssion unit generation unit 35 27
according to tRAFLFStRnbodihmnt Fese dddng ndthaany add terdepe aden s o

| mproving the %%?tgggﬁgfe?fit should be ensured that Slice 5 is
10 coded without using information of macroblocks
located in Slice 3 above or Slice 4 below.

For improvement of arithmetic coding
efficiency, however, it is desirable to adapt the
probability of occurrence of symbols to surrounding

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

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

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

30 The transmission unit generation unit 35



t he design. Mire specifically, where the possibility of loss of slice data
due to 5 transmission errors is extrenely low, interdependence between
slices is not disregarded but is fully exploi2tzed. Wien the possibility of

| oss of slice data is high, interdependence between slices my be 10

di sregarded so that the coding efficiency is adaptively controlled in
units of transm @siconrd ifike teandre sfias tunembgedimam tonp univii BSsaec anditigpd
to the first enbodi ment receives a transm ssion unit de5|gnat|on signal 36
at the end 15 ofNd t3ANAEBIT 8 Ui £OrThanprashn gsitdre uada rdeaPddat F¥n of
signal 36 is proyided,as a control Ln the video codlng appar at us.
The tranmﬁssio%hﬁ1qeﬁéﬂﬂatﬂﬂﬁﬁmﬁPgﬁ?ﬁéﬁé%ﬁﬁs %% %ﬁ§n1§§cm units by
partitioning the f 20 .the arit ¢ cod 3r ed fromthe

e thistic cod RESRATE 31 dec dafRcs ¥ PhGR ERRGTOR & | nput o
the transm sgj ongy al; o 3 cally, the
transm ssion unit %é‘tsgﬂgﬁgrba%nggrﬁ%t %5 lr?ul ng)::\fg(rggi&ﬁgié% thnetic code 33

derived from thejaedrdefalriSdceeBebliedd Vs 11id &sbiilss bt dcwﬁb@ta&seahe
transm ssion unit (step ST6). The transm ssion unit generation unit

det ermi nes whet hisntcdcs ngudfl ylaba pflos i 8@dmacr obl ocks that fit into a
transm ssion unit has 28 been conpleted, by referring to the transm ssion
unit designation signdWhe@ (thepp®Esy ibWiehtyt o loss of slice data is
high, interdependence between slices may be
10 disregarded so that the coding efficiency is
adaptively controlled in units of transmission.
The transmission unit generation unit 35
according 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 seguentially
into bits that constitute the transmission unit
(step ST6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has




determ ned that coding to-build the entirety of a transm ssion unit has
not been conpleted, control 5 is returned to step ST1 so that the

determ nation of a context nodel and subs@@uent steps are perfornmed. Wen
it is determined that the coding to build the entirety of a transm ssion
unit is conplete, 10 the transm ssion unit generation unit 35 constructs a
header for thbéeRmsegmgletednshysr@tenring tdedhebéd HFBWSSIEP STI).
1. The unit 35 provides a register reset flag indicating whether, a

regi ster valuéﬁy%i@ﬁsﬂ£@é§mﬁm1%§%¥%#oﬁém0$F?Hi$@3§emﬂ%F&ﬂ%ﬁ defat us
eset n the HBASTRiRAE CEAG CARELG nEondd hLEl HTs alaarsy SF @ °°
t In 1 " ; ' f . t enel h

egister should s8OS UL L s ABY e f. hbR ekl FabbdaR0 e

val ue, Whisch §adi,caE % e Gt cpaluey { goha: naed e HeAldrAANELIC

codi ng/ decoding to deconpose the next transm ssion unit, only 25

when the regigtera resat dxegmodk tahed t absidguentgi stepsshavked not be
reset. As shown in Fig. 5, the initial register value is provided as an

initial regi sperfmtmed34 fed fromthe coding unit 31 to the transm ssion
unit generation unit 35. 30 Fig. 10 illustrates a bit streamgenerated b
29 the arithmetic Wbéimgitniits cdeheryhbned rckag. tbe sadibngedder bak

for . .
the entirety of a transmission unit is complete,

10 the transmission unit generation unit 35 constrxucts
a header for the subsequent transmission unit as
described below (step ST9).

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

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

20 to indicate that the register should be reset.

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

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

30 Fig. 10 illustrates a bit stream generated by




conpressed video slice data includes a slice start code, the register
reset flag described in "1" 5 above, the initial register value multiplexed
into the bit streamonly when the register r&dt flag indicates that the
regi ster should not be reset. Wth the added information described above,
slice-to-slice continuity for arithmetic coding is 10 maintained even when
| oss of the precet@ien@ERtdUNBELH codyngsi wgitthebregi ster reset flag and
the initial register yalue included_in the current, slice header dafa.
Accordingly, the codi nés FRPWIent) Fd gy ei@nt e%lff'-td(?mlb%é@rﬁ%g A&R é%rFi g.

mil 1l exed | nt o OPE SARE bi L% 141 CRAT vERy L URe B e LRCR & ALt

mul tiplexed into

the siice headercdaidy Meyde-gaid ed bt o PORY AbC didopiiaain 147 waffline

transm ssion and 20 the conpreSsed video s a may have attached

thereto I D isf oraBbivas, rehes i A HPalhe efPs ePOREIRGE Shhat Dsrdeedai ato
Referring to Fig. 11, the streamis transmtted in accordance with the IP

protocol. The hetber hibtasitsréaansonl yed Hidn utilng Telyidx elratr s eti disag
relatively high reliability. The conpressed video data is transnmtted
usi ng RTP/ UDP/ | ALeddicet esi Zehlaby tshhel regliet bes: $hoadodr dercd @i reade.

separate transm ssion_schene of Fﬁgf 11 for transm ssion of 30 headers and
transm ssion units, tHElLgR sthe addmdnikntargahiorTrieprnibadeahriene

par“tionedi'“(%fkg%g%o-slice continuity for arithmetic coding is

10 maintained even when loss of the preceding slice
occurs, by using the register reset flag and the
initial register value included in the current
slice header data. 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




Use of slices basically requires resetting of interdependence (context
nodel ) between a video 5 signal for a given slice and signals for

nei ghboring areas to ensure that decoding f3 a slice can be resuned

i ndependent of the other slices. This will bring about a drop in video

coding efficiency. -1Q Once it js ensured, however, that the initial
regi ster statd& %SF%WH"&#B%@T@EF’PW,/%B ngpdntiat /P8, 11, video

signal s may be coded.b f.ul.l y expl.oiting the avail able context nodels in a
frame. Resul té’rﬁr%?’gﬁ?ﬁb?gcdf{%/océ&e’ucﬁﬁt‘a may be 15 partitioned for

transmi ssion prior b%{lg;rlﬁiﬁgﬁeisz%%gﬁcfffgggé‘n«gu&%ééﬂ§e§eé3@£i‘h‘i‘; of

transm ssi on scheme, t ari et ¢ processes IS

consistently qhftad PQd Pl Ahawlcde E%n@éﬁﬁchﬁ&délj hee g Qe A i ANS, DGERI I'i Ng
inacircuit. 20 Therefore, a bit stream produced without the constraints

of the sliTe stigidlr gcmnabgyiveanyiicedandi bd gmalsi nfoa relatively
hi gh degree of resilience to errors. In an alternative approach shown in
Fig. 12, a 2Beigkhoxtiavg ameds tsedensuinali thtad wheclaiing ok aa
conprising the_register reset flag and the initial register value is to be
used. Fig. 1253HSR canl dgesw@sunest todepsndeand: ¢Aditdei A§h@et her a

synt ax conpris&ggﬁthe rﬁgisten reset flag and the 30 initjial register value
is to be used®iB&9R- 3T THe Wik bx b ing oaR Mehdér EPRCHSY VLR deo

sequence corrpEioaiinrgg ael%lf‘{glj_iet c}(,)f vi deo frames.

10 Once it is ensured, however, that the initial
register status is transmitted over TCP/IP, as
shown in Fig. 11, video signals may be coded by
fully exploiting the available context models 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




For exanple, when it is determned that the circuit quality is |ow and
stable video 5 transm ssion nmay be possible by consistently resetting

regi sters throughout a video sequence, the Bagister reset control flag is
set to indicate that the register is always reset at the head of a slice
t hroughout the video, sequence. In this case, 10 the register reset flag and
the initial regfdddripdgxrdndadtaor headeri ftexadhedatel ixevidenice

|l evel. .By controlling register resetting on a video sequence |evel,

over head i nf or nEETHFBEReSPBR TS 1 RgnSm P1BE okt Ba & sVAEe S sEXadiRRBd in
size when, for exa a specified circuit condiition (for _e le, . a
specified error rat gp*‘ﬁra %ﬁ‘ggltﬁ]t?’ B’g‘r%?sﬂ-%. Hhed PSS é‘rner%sgﬁrgcp%n?PSI
flag may of coHE agﬁfg: 0; e f Si j deo 20 frane
(Nt% ferrre, NH Fﬁ%r‘gfrr‘é) I n gigﬂfée’bgsgéﬁgn%’éa sg%bi%s ‘éﬁg\ﬁ\sg an internal

constructi o of ttBa s 5B | hadfCOdi Rbawib12’ ¥ Hdhs$stldgrayi thmetic
decoding unit 27 conprises a transm sSion unit decoding itnitialization

unit 37, 25 a reseddingdeledisdien satimrowghiows, aa widabi zeéharnge) 29,
a probability generation unit 30 and a decoding unit 38. The transn ssion
unit decodi ng thet ired kattiean ueiseB7coonmitrali £8sagf dris asetr ansniinsiiona tiei t
received, an arjthnetic decoding 30 process, based on added information

related to an 3ghagy itthﬁetﬁecgéégi% BAd dlwayded enes ebhdéhe Thead onf eat

nodel deternination unit 28 identifies the )
Slice throughout the video sequence. In this case,

10 the register reset flag and the initial register
value need not be multiplexed on a slice-by-slice
level.

By controlling register resetting on a video
sequence level, overhead information otherwise

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

20 frame (Nth frame, N+lth frame) in a video sequence,

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

The arithmetic decoding unit 27 conmprises a
transmission unit decoding initialization unit 37,

25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38, The transmission unit
decoding initialization unit 37 initializes, for a

transmission unit received, an arithmetic decoding

30 process, based on added information related to an




type of data, i.e. identifying whether the notion vector 5, the coding
node information 13, the 5 spatial prediction node 14 or the orthogonal
transformcoefficient data 17 is to be restorgg by decoding, so as to
determ ne a context nodel, shared by the video coding apparatus and the
video decoding apparatus, for the identified type. The 10 bi nari zation
unit 29 generateard thmethizald®8 iy eandelineduiqdqt Re idendded , deapdi ng
data type. The probability generation unit 30 gives the probability of
occurrence of eacbnliex¥Omeodedl Adetecmdrdantenwidmithe ®i ndemraiifdes utke
and the 15 context nodel. The decoding unit 38 perforns arithnetic

decodi ng based okhYPiee f ofaltid i t  .tehus i dgartel fiydd g owhs t beredtve emolfeion
nmotion vector 5, the coding node information 13, the spatial prediction
node 14 and t he BRER&fondr sE&d rgemade ci Dpraatalan ilri’pac'éar%lance

pith the bingry SERSICP otestl IRl emarl | Uel o deoodipg gy ile
L T SRR, BB e 500,10 TRAHAB Utblea by
I L o T T o At L T
Egtgle;ter val ue ¥Fhavkld Hexehe  PiALACROTENG TapT KPatiid and ©Bed widES
decoding apparatus, for the identified type. The
10 binarization unit 29 generates a binarization rule
defined for the identified decoding data type. The
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.
Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Fig.
25 13.
6) Transmission unit decoding initialization
process (step ST10)
As shown in Fig. 10, the status in the

decoding unit 38 is initialized before arithmetic

30 decoding is started, based on the register reset



ST10), the register reset flag designating whether the register val ue
indicating the arithmetic coding 5 process is reset or not. Wen the
register value is reset, the initial registgy value 34 is not used. 7)
Cont ext nodel determ nation process, binarization process and probability
generation process 10 These processes are performed by the context nodel

determ nation Widg28@nd hehbi Iaiizald PNreRjist8? i hbe P ohaditipl exed
generation unit 30 shown in Fig. 13. These processes are identified as
steps ST1-ST3imtsspeaidlvetyansmibes fénwumit smetl hasl® deddrdet ertep
thereof is omtted since they are simlar to the context nodel
determination §Adckss tdE reqit$tiesd nesete Plagesies)gnatbibigravhedthen

process ST2 identified ,as the process, 2) and the probability genperation

process ST3 i d&RS fFegister Ml procderdigpt knghdhg dés EoiMed wppaeting

8) Arithnetd c decoding process (step ST11) vghe pr.qQbabi | it gf occurrence

of bin to be rBECSTRES &5 dEREST e85 FRhgh WHENp sgﬁggé-ff V?ﬁge 18

decoding unit 38 gl okt LI 14 4E YebiB i (SRAMSTIN 54N RACORLRE
g SCribed wit e

with the arithietic "decodi g process referénce to

related art. In a si m')l ForPeNOURRELD fﬁ%ﬁé‘i"‘mi‘ﬁia@@f.’ogp PE P& at us, t he

decoding unit 38 counts the frequency of occurrence o /1 so as to update

30 the probabibiinaof zatcisn epeo sk nahat ¢grSabi Bt yThpedeqadt fgnuni t
38 further confirnms the value of bin restored by conparing it with a
bi nary series process

10 These processes are performed by the context
model determination unit 28, the binarization unit
29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as steps
ST1-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 ST1l1)
The probability of occurrence of bin to be

restored is identified through the processes 1)-7).
The decoding unit 38 restores the value of bin

25 (step ST11), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparatus, the decoding unit 38 counts
the frequency of occurrence of 0/1 so as to update

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



pattern defined by the binarization rule (step ST12). 5 If the val ue of
bin restored is not confirmed as a result of conparison with the binary
series pattern defined by the binarizatiofgrule, the process identified
as step ST3 for generating the probability for 0/1 of each bin and the
subsequent 10 processes are perforned for a second tinme (steps ST3, ST11,
ST5, ST12). |fTHehedeebdeimd bnrit esBordrthednEonEdriy thecessiuvel v
matching it with the binary series pattern defined by the binarization
rul e, the dat #iI6 Taditoated by tdempmribngg ijat wétrh aa ebdutguy et hes
restored data. If the decoding is not conplete for the entirety of
transm ssi on BAittenehdef hned day tdeepb SNEY1izakd abnrdie nhgdiep
determ nation_pr.qcess of step STl and the subsequent processes 20 are
per f or med repéiggﬁly until the entirety of transmssion unit is decoded.

of compressed vi deot TR | Remchs e bR e tOLERh LE bqtoeot fLEhsd O

of conpressed video™d ! uch < :
oo e 8,3 SIS, 59, BURphe R0 W Blpley Piiip ok 24
el s, B8 T eaeNY DN CodptaBiGaE R e 0 00"
continuity ofprbeewst hawrnticadidigapr acesp. s® foadiggneffatiancythe
mai nt ai ned, while the
probability for 0/1 of each bin and the subsequent
10 processes are performed for a second time (steps
ST3, ST11, ST5, ST12).

If the value of bin restored is confirmed by
successfully matching it with the binary series
pattern defined by the binarization rule, the data

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

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

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

25 slice header data has the register flag and the
initial register value 34 attached thereto, the
register reset flag designating whether the
register value indicating the arithmetic coding

process is reset or not. Accordingly, it is

30 possible to perform coding without losing the




resilience to transm ssion errors is inproved. Decoding of resultant codes
Is also possible. 5 1n the first enbodinent, a slice structure is assuned
as a transmssion unit. Alternatively, the pr®sent invention is equally
applicable to a configuration in which a video frane is a transm ssion
unit. 10 Second enbodi ment An alternative configuration of the arithnetic
coding unit 6 andc®R&ivuibpetdf tbeodinjtimiet? cediénd rprocess. sddund
enbodi ment will now _he 15 descrjbed. In the second enbodi nent, not only the
register val ue i MPEaNhPEEREkIROY diS al@ddrhpided y omhtinke attshmet i ¢
atus of |ear

di b l th t ' f l.ati f
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header. The stat P | i Nt i L ' it
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exanple, refegring to Hif. +Rel fi kmeny , gi d | Vv
the arithnmetic 25 coding effiecirkeinggtf oefr&%log?{?%ﬁlti'n%r%ﬁ%\ gﬁrtlﬁ%tqﬁrn%i g?\
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probability estimate. Accordingly, if block C and block B are located in

di fference slicepreaesentnfimvantoonn i) éjaekl Byskhpplibahidrever el from
being used to 36 determ ne the probability of occurrence. This neans that
the coding effi cF&Rfiggration in which a video frame is a
transmission unit.
10
Second embodiment
An alternative configuration of the arithmetic
coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be
15 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
20 slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.
For example, referring to Fig. B in the first
embodiment, in order to improve the arithmetic
25 coding efficiency for block ¢, information on the
motion vector for block B above block C is
exploited to determine a variation of probability
estimate. Accordingly, if block C and block B are

located in difference slices, the information on

30 block B should be prevented from being used to




| owered in a design where the probability of occurrence is adaptively
determ ned using a context 5 nodel. Accordingly, the second enbodi nent
provides a nethod and an apparatus for inpr3ing the adaptability of the
design. The coding efficiency wth which the transm ssion unit is coded is
10 adaptively controlled such that the slice-to-slice interdependence in
respect of aritdfeerdindi fdhe sprobad slddar ded mecuurenerploited in a
case where the probability of loss of slice data due to, transm ssion

errors is extrenely I'ohWEndedRssitihat the cohdiny gfdiiepeRddhcdSmy be
datg is

di ded i wh t babj | it I f .Sl
i gn. F g, 15 SRNEER [ MRcn e bud rreers) She ifoBeehEBY B ng uni
6 di t e ' b t

0, epordino, Lo ddtusesande 40 chafuEoly | SLLETEIEEOUIERD Weconeext
arithmeti c xodimgemi,t 6 shown in Fig. 5 according to the first enbodi nent

Is that the probability 25 generation unit 30 delivers a context nodel
status 39 to be nul Aiqtexddrdip,atiéce deanpar dnmbbbidmén 8npr Soidesnat
generation unit 35. Fig. 16 is a flowhart show ng the process perforned

by the arithnemethodi mpdnan Gppakiagus3Ed5. igiprdmiingretheat el y

appreciable difference fromthe flowhart of Fig. 6 according to the first
adaptability of the design. The coding efficiency

with which the transmission unit is coded is

10 adaptively controlled such that the slice-to-slice
interdependence in respect of arithmetic coding is
be disregarded but fully exploited in a case where
the probability of loss of slice data due to
transmission errors is extremely low and the slice-

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

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

20 embodiment.

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

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

Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit 6 of Fig.

30 15.



enbodi ment is that the context nodel status 39 that occurs in the process
of step ST3 for generating 5 the probability of occurrence of 0/1 for each

bin, i.e. the learning status 39 that occurs37n the probability
generation unit 30 as it updates the variation of probability estimate in
a context nodel, is nultlplexed into the slice header in the 10 header

construction process (3% ﬂmgﬁﬂlﬁﬁe@ﬁaaPR£%%i§§km dhififgEracs | Bromi the
in asimlar

35 for constru he der. for the next nsmssion, unit,
Cqurat on s RCRAFE B2 Klge’ (RECORTIEE ¢ BN hLhSH | (et ¢

configuration a

di f . | d
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where there are a total of n macroblocks in a h transm ssTon uni

context nodd cthelspdoddlyi®ias; i 6rdefdded diceedd ORGr G HCl b'l%
probability in ctx varies macroblock to macrobl ock. 25 The context nodel

status 39 is inhes+ etihfer cheaxnimgseitsstws WH tthat heceeds t ianwR&Si on

unit. This neans that the final status CGtXk (n-1) for the kth
transm ssi on unPEobbidd £y Bemﬁmatuqnthalurﬁﬂlassiatmp®ataa<tharw
k+lth transm ssion 30 ynit, i.e. the probability pO of occurrence of 38

pl
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of ocmﬂrencecﬁogel’lgs multiplexed into the slice header in the
10 header construction process (step ST9) in the
transmission unit generation unit 35 for
constructing a header for the next transmission
unit, in a similar configuration as the register
value that occurs in the binary arithmetic coding
15 process of step ST4.

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

20 Fig. 17 shows a case where there are a total
of n macroblocks in a kth transmission unit. A
context model ctx used only once is defined for
each macroblock and the probability in ctx varies
macroblock to macroblock.
25 The context model status 39 is inherited from
a transmission unit to the next transmission unit.
" This means that the final status ctx*(n-1) for the
kth transmission unit is made to be equal to the
initial status of ctx in the k+lth transmission

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




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

I ndicating the status of ctxk(n-1) 5 in the header of the k+lth
transnmission unit. Fig. 18 illustrates a bi88stream generated by the
arithmetic coding unit 6 according to the second enbodinent. In the second

enbodi ment, thﬁ shice headgs,,for 10 the conpressed video slice data has
i nformation indi ¢atthgSitie céMeki =Rodel r satis BRAMetophEc8ENR | tee

it hed th i | t.i 1 th | i 1 1 de, t | St, 1
g e et B SRR TE Y nde R dPRs LETEREE | PE¢ Tueobniddi mont
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i ndication of 20 whether the initial regi r value is multiplexe or’ not.

A flag ot hBr timanthee hegdsierofrestiel kad Ry t ddwlépalss IGAL hefi£he context
nodel status is multiplexed or not. 25 Fig. 18 shows the slice header data

and the conpressedRdgleo1dl i 2 ldetttrbeiesy aubtitpl stekamt geddeasad byt
stream Alternatively, as is described in the first enbodiment, the slice
header data miy€ barddrimed g @oskigng aua it t 6staecorddmef i feh a0

ssed data nmay have 39 attached thereto ID

transm ssion and. the conpr
i nf ormati on rgfe&%‘ﬁg q@?ﬁém%ﬁﬁ'espondi ng slice header data.
In the second embodiment, the slice header for
10 the compressed video slice data has information

indicating the context model status of the
preceding slice attached thereto, in addition to
the slice start code, the register reset flag and
the initial register value according to the first

15 embodiment shown in Fig. 10.

In an alternative configuration of the second
embodiment, the register reset flag may include an
indication of whether the context model status is
multiplexed or not, in addition to an indication of

20 whether the initial register value is multiplexed
or not.

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

25 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

30 transmission and the compressed data may have




Fig. 19 shows an internal construction of the arithmetic decoding unit 27
according to the second 5 enbodinent. A difference between the arithnetic
decodi ng unit 27 according to the second enbodi nent and the arithnetic
decodi ng unit 27 according to the first embod#®ent shown in Fig. 13 is

that the transm ssion unit decoding initialization unit 37 10 of the
to,t secaond enbodi nent delivers

ithnmetic d di 7 di
the cont ext modeP S aPhed JREHET fo kimiBEATRS Lh BB edaRedt od to The
[ tipl d int t d t t b t t 30 t hat
trrﬁe Icgn‘tG?(;e(t rrloge ]‘{]Ii?ﬁ%% eéllﬁ(lgger??é%r?%ﬁ%agﬁ%[hg%l erad: gtnergl precediS(rjlg 2
slice. Fig. 20 is a flg H"b@ﬂs R QGESS rnlf T 8RR on of the
t di Feren et ween-t

arithnetic decodi ng uni

f1 owchart 0quQar%¥hﬁ@ﬁ¥@ H@ﬂo@idﬂﬁhniﬁ'§7tﬁﬂcobaﬁﬁépﬁﬂnﬁh@”second
transm ssion unit decoding initializatihon, the context nodél status

restored froth themplodemerenden idi flténte@ tHEL MeDERS T 1D atrelptﬁﬂi&ﬁ‘pé
generating the probability of occurrence of 0/1 for 25 each bin by
referring to thedeomdkngmoeit @&tacaiording step t3d. sEwondntemboniiieén t
status 39 output to step ST3 is used to generate the probability of
occurrence of 0/dndn tlhe gmwbhbmegtyc @#modmnm umit 3@.7 @cronddngunber

of context nodels is extrenmely 40 ,large, carrying of, the context nodel
status in the s¢h8eﬂk%ﬁ$r¢%?ﬂﬁﬁ@@§ S Ro#thehB Falded by 415 ckhat the

transmission unit decoding initialization unit 37

; 10 of the arithmetic decoding unit 27 according to the
second embodiment delivers the context model status
39 for the immediately preceding slice multiplexed
into the header to the probability generation unit
30 so that the context model status is inherited

15 from the immediately preceding slice.
Fig. 20 is a flowchart showing a process
performed by the.arithmetic decoding unit 27 of Fig.
19.
A difference between the flowchart of Fig. 20

g 20 and that of Fig. 14 is that, in step ST10 for
transmgssion'unit decoding initialization, the
context model status 39 restoxed from the slice
header is output to the process of stepASTB for
generating the'probébility of occurrence of 0/1 for

25 each bin by referring to the context model

determined in step STl. The context model status 39
ocutput 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




headers. In this case, context nodels providing significant contribution
to the coding efficiency 5 may be selected so that the associated status is
mul ti pl exed. For exanple, notion vectors an#0orthogonal transform

coefficient data represent a large portion in the entire coding volune so
r thes context, npdels . only. The

Lype of cont exi*hagd FOE VNI GH (e CBRATRAEEH NHBPAGE R bRPeks i TRl y

type of conte

e | Lod 1 or § Taget an BSit okl LRSHTE OFs M p BV R ra U tbvelr%+i?8n

i nherited for 1nportant cont
that occurs i mexiide , Asnhash pgen lgscr idisdy Fad lgﬂ'd@léo %ia&

enbodi nent, for transn ssion of conpressed Vi ata In ransn1ss
units, the sHaxghmaﬂﬂadahta@tmﬁbﬁhioﬁxkét%hé'é%diﬂﬁ @Hfiéhé 5“”
value 34 and the context nodel status information attached thereto

initial reyi smayfbeg selkecgredi s@ whealerth e a=gostiatedl lsa:aﬂdsca‘.ts ng
the arithnetic codinad§rocess Is reset or not, and 25 the context nodel

status i nfor n4bhipP 3@aﬁrng the context nodel status of the inmediately
Qssible to perform coding wthout

recedin slice. cordin
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portion in the entire coding volume so that the
10 status may be inherited for these context models
only. The type of context model for which the
status is inherited may be explicitly multiplexed
into a bit stream so that the status may be
selectively inherited for important context models
15 depending on the local condition that occurs in
video.
As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data

20 has the register flag, the initial register value

34 and the context model status information

attached thereto, the initial register flag
designating whether the register value indicating
the arithmetic coding process is reset or not, and
25 the context model status information indicating the
context model status of the immediately preceding
slice. Accordingly, it is possible to perform
coding without losing the continuity of the
arithmetic coding process. The coding efficiency is

30 maintained, while the resilience to transmission



assuned as a transmission unit. Alternatively, the present invention is
equally applicable to a 5 configuration in which a video frane is a

transm ssion unit. In the second enbodi nent, i4f ormation indicating the
context nodel status of the imrediately preceding slice is attached to a
10 current header. Therefore, referring to Fig. 8, even when bl ock C and
bl ock B i medi at 8FF PFecédi ngMPBITERAC are | ocated in different slices, the

coding efficiency is inproved through probahility adaptat,i on usin ont ext
model's, by expl oi ting Ifle thE SERORE (AMBP AIMERE off pFIICE FRTUCtUre is

Soter o e oBEARRH W A ARRISATDS SERREL ALCHEREE 4ty 0

thg transni;siop uni 'S code . .
slice-to-slice i phaidependsiFenis 4wt i@ %&ﬁ%&%ﬁl P;stpeltxgilégi@)%e;ﬁﬁ aa’-gagte)del

status for the inmedi ately preceding sliceis
where the prababtbntfighratosenofifl wHa cdpta duedée tewamel Siss o errors is
extrenely | ow The context nodel status for the inmmediately preceding

slice is not usetramsmissiors| ungt o-slice interdependence is disregarded
in a case where the probability of loss of slice data is high. Referring
to the bit stream syntBf dHvansecordgemigodiimenteorich Eorata Fd®n has been

described 30 assugkng that information indicating the context 42 nodel

status for data }Rdiceat ihgditthe Fortead modal cetprugt 8dheliben each

Slicermaderir]fﬁgggfgkely preceding slice is attached to a

10 current header. Therefore, referring to Fig. 8,
even when block C and block B immediately preceding
block C are located in different slices, the coding
efficiency is improved through probability
adaptation using context models, by exploiting the

15 context model status of block B in determining the
probability for block €. 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




reset flag and the initial register value according to the
the register reset flag and the initial
ment may be onmitted so that

to the register
first enbodinment. 5 Alternatively,

regi ster value according to the first enbo
only the information indicating the context nodel status for data in the
ader

I medi ately pr j4n ' [ t d.0 jn each sli.ce h . .
Al ternatively, ﬂtsﬁ%llcgsn?é;%es rr%ggllt gg?us}r} egglte er'ﬁlaefis]eaetﬁﬁé'. BEfPCSRALRY
provided irrespeghiove; §f swhe] he regi St ek 1r:eset 1, f andg, t i.nitjpal
regi ster val ue accor %ﬁgato (Itg %éfifrslt%% odlgrlrelﬁgaPeeép@%%:/i Q.gld1£'§611%%§ﬁ
only 15 when tte twﬁemégmﬁkérsbﬁ$§tr$%ﬁgfb%ﬁ'§h@”initf%lt9%diyﬁ?ft
nodel status is not reset, the information indicating the context “node
status for dafalhe tdwcomdeichat ¢loy Phecelingtsldmieodiméhached for use in
decodi ng. 20 Third enbodi nent A disclosure will now be given of the third
enbodi nent ?i n Akt 8K i eheailssi ohhenixegastecomstsett &d agcamdt ngheo a dat a

partitioning fprngt %g I n which coding data are_grOﬁged according to a
data type. Thettxarfile EXBLEGRE Fabhei 2aeREMd irdntondikend iratt Nunber
schene di scussed in Joint

2, Revision 3, +B118r3 | i d dj
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data in the immediately preceding slice is attached
10 in each slice header. Alternatively, the context
model status reset flag (see Fig. 21) may be
provided irrespective of whether the register reset
flag and the initial register value according to
the first embodiment are provided, so that only
15 when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for
data in the immediately preceding slice is attached
for use in decoding.
20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25 in which coding data are grouped according to a
data type.
The example explained below is taken from
Working Draft Number 2, Revision 3, JvT-Bl18r3 for

a video coding scheme discussed in Joint Video Team

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




in Fig. 9, are grouped. The resultant data unit is transmtted in the form
of slice data. The slice 5 data (data unit) constructed by grouping is of

one of data types 0-7 such as those shown belbt, for exanple. O
TYPE- HEADER picture (frame) or slice header 10 1 TYPE_MBHEADER macr obl ock

header i nformati qQp; ' de infor Lon), 2 TYPE MVD noti pn vector 3
TYPE_CBP CBP (noﬂ%égg?r%oggniqa?yaﬁ‘{;%a%?ml)tc%?f Pdi éht SPATLEAG ntype as
macr obl ock) 15 4 theEa2 hogopal angf i clent da 1
TYPE_COEFF)_Y ort ﬁ&%ﬁﬁl é%n@?%r WoT8eKe 7in A c%gg%fé)glé%%}ﬁféi%& _)CS?“’"”‘
or thogonal transfior nrigef f £i gie gRoted ( drre TYREAGgR] HLeal nEAM: is
identification information For exanple, a slice of data type or

TYPE_MD is trandmanenidtedi da doie iformhi ofFf asBide P4 LACt ofhes s B¢ e
notion vector_ information itens as there are nacrobl ocks fitting into a

slice. Accorti ng@ta whdatttheuRittth sbinmet vhca ddpbyT Y oWWRig 34bjEEt ohe
decodi ng follomﬁn& the kth slice of a type TYPE_ WD, only the context
nodel 30 stat us®froddbii &YRREt 87 cBawh i ag &those ehbwh belows kibr

slice should be g&%%thexed into a header of the k+lth slice carrying the
TYPE_M/D data, in F*to allow the context nodel | earning status for

arithnetic coding of notion vectors to be

0 TYPE_HEADER picture {(frame) or slice header
10 1 TYPE_MBHEADER macroblock header information
(coding mode information)
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+1lth 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




5 inherited. Fig. 21 shows an exanple of bit stream generated by the
arithnmetic coding unit 6 according to the third enbodinent. Referring to
Fig. 21, when notion vectors are col l ected % construct slice 10 data of a
data type 2 or TYPE MVD, the slice header has attached thereto a slice

start code, a @M ki¥Pg P Podey &&'&%JYE@&%’QR}%&ﬂt ?Lgltta ug fh(ﬁ;aﬁgtlon

reset flag and information Indic |ng

vectors occurrbifg thipei k+ieni geds at @ayr‘p?gqlegdl e5|1'191§E ore% C&FF y

ort hogonal transform coefficient data ata type

are collectedordemnsbr ullewi ath daicdnt 88 tsinsqeheades rniasy akirached
thereto a slice start code, a data 20 type ID designating TYPE CCEFF_Y, a
cont ext nodel fgﬂ-‘atmltMtitag:cammlgwf@fnmhmhonnche:mtomg the baont ext
nodel statgs for orthogonal transform coefficient data occurring in the

i medi at el ptBB&Fihbedi-ice. 25 Fig. 21 shows the slice header data and
pl exed into the sane bit stream

the conpressed dat belnﬁﬁgu &
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motion vectors are collected to construct slice

10 data of a data type 2 or TYPE MVD, the slice header
has attached thereto a slice start code, a data
type ID designating TYPE_MVD, a context model
status reset flag and information indicating the
context model status for motion vectors occurring

15 in the immediately preceding slice.

When only orthogonal transform coefficient
data (2) of a data type 5 or TYPE_COEFF_Y are
Collected to construct slice data, the slice header
has attached thereto a slice start code, a data

20 type ID designating TYPE _COEFF_Y, a context model
status reset flag and information indicating the
context model status for orthogonal transform
coefficient data occurring in the immediately
preceding slice.

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

30 attached thereto ID information referring to the
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5 generation unit 35 reconstructs nmacroblock data in a slice in accordance
with the data partitioning rule described ahgve, so that the ID

informati on designating the data type and t cont ext nodel |earning
status corresponding to the data type are 10 collected in slice data.
'é 27 according to the

Referring toIﬁ@orﬂhspbﬁdﬂﬂéhﬁﬁmdédﬁ%%ﬁagoﬁ€§Ifhneﬂ(:decomrm a

third enbodi nent is inplenented such that,
context nodel to be Refleirs ieyetm nedgly sl owinw 13 {{g 5-:-&;913?”" Ssjpn _unit
et 838 on

decoding initialization unit 37 to notify t he cont ext  hodel

unit 28 of thdMata b yBRcPDdingi tleexete nilvire shbee ifeager;sand the
I nherited across bounds of slices by

cont ext nodel I-(;'Féj;i El%stat us 39 is
al l owi ng the 20 tRARTRLSREn sieloditMa & ntthieal t ratismissifoB7unGt Notify the
probabi | ity gepesat i unit 30 of the context nodel |earning status. As
has been descr?‘be‘gé,fégcloorﬁi H3 it 3 Re BefPas trwedisnenacrolvldex sdghal i
subject to 25 gompr£ssl cdi being.divided into transmssion units
grouped according to prq'g(]jeggrcrﬁmgrncg nEs a‘gf'§§bs?h?héi®tGe@aﬂtgnaﬂiObEh@ﬁgi ng
to the transm sailen @8klcy Shed' | ﬂ%@ i C y .Goded _such_that coding is

4 E§f¥£ Sh?g E}?nﬂ@ﬂ%qﬁﬁFmﬁﬁlQMﬁead

conti nued 30 across bounds of transm ssi on

ChrlFor Tanss ot un e ot e o ned B B TRER AL el
Accm%ﬂngly,e%%?ﬁ@imgraiaﬁusrhﬁrresponding to the data type are
100 collected in slice data.

Referring to Fig. 19, the arithmetic decoding
unit 27 according to the third embodiment is
implemented such that, for arithmetic decoding, a
context model to be used is determined by allowing

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

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

As has been described, according to the third
embodiment, a video signal is subject to

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

30 across bounds of transmission units by inheriting,




D ——
5 resilience is ensured and the coding efficiency of arithnetic coding is
whi ch data are grouped according to

i mproved in a configuration in
While the third enbbdli ment assumes that slice

predeterm ned data types.
as a transm ssion

10 structures are organi zed according to a data type
ani zed according to a data type. In the

unit, video franghg@yadl be  or
exanpl e of bit stream gyn'?%; g@(,soer't%ﬁf"nﬁgrt ot hEe Syirbe lenboediurard nslown in
Fig. 21, it is lprassamed jtihat eader of slice data for a given data
type has attacheg t her etola&%o%%g%mﬁﬂaeISt%Fé?t%sfrésletthéagaaﬂﬁier
information indi edRnmEmibe i $ONL4E |, status of data in the inmediately
preceding slice when the flag is off@g\?toer%ﬁf’iu\ﬁﬁ?, agFerdiagitol athe
o.the second enbodi nment

fi ti Ad3ha Hypet.r geowsyats dj
configuration a r Sr@tﬁi(glgcc O?lrl§lgi98ﬁrc%?a°tfyl®rm have

t he header of slice’ dat'a
tion

shown in Figg 1%%‘5%3' ,
hed th FHEIXE enmide | | | f
att ached 1her et Statue of o ti‘eaq%gagﬁlr%?d%%%ﬂﬁﬂsdéd@ﬁg

i ndi cating the %gﬂf@ﬁt del 25 status of data Int
slice when the f1ag s off, Cioddbagi tisonimp rtdwetedi st §f (201300 5
o | i [ Gt g ccﬁff gl
the initial regystes valqﬁ. Al ternatively, the context model Stdti§itdsein
flag may be om tred sS4t AR IROHDEA | s douddaig NBo3P Ad¥etWY Hiheg

nodel status ofdd@@a%p tE%f-i”m?diately 47 preceding slice is alvays
attached for use in egp I ng, irrespective of whet her the register reset
flag and the initial Wﬂﬂ@%E%h%méﬁﬁgﬁeeﬁgggfﬁght assumes that s1li
. ce
Structures are Oorganized according to a data type
as [] a » -
@ transmission unit, video frames may also be
organized according to a data type
In the example of bit stream syntax according
& . .
0 the third embodiment shown in Fig. 21, it is
15
assumed that the header of slice data for a given
i _
ata type has attached thereto a context model
st
atus reset flag and information indicating the
context model status of data in the immediately
re . .
Preceding slice when the flag is off. Alternatively
r

20 in'a simj i
Similar configuration as the bit streanm syntax

25 status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

30 the |
context model status of data in the immediately




51n the first through third enbodi nents, video data is given as an

exanpl e of digital signals. The present invention is equally applicable to
digital signals for audio, digital signals fé&7 sill pictures, digital
signals for texts and multinedia 10 digital signals in which these are
m xed. In the fipslecddinerony odinments, a slice is given as an exanple
of digital si gnaf) tran%m%gs%]g%%gﬁi'}.s At 4 hest b eaekssdi fomt use in

15 partitioning for

transm ssi on uni dec@mﬁhbl}ﬁfﬁr@%ﬁét?%etao%g??%&ibgeq sthpvairassaer

collecting data in a slice accor
exanple. Alterraefed yflag iamge tHy Ciﬁﬁ@iﬁn}téé’g%?ﬁﬂ%ﬂ%ﬁ@e ngglnltty

of slices, i.e. a video frane, may be a transmss
i nvention al so fR¥@¥1zEdn application in a storage system In this case, a
i nstead of a transm ssion unit may be constructed.

storage unit
| NDUSTRI AL APPLI CABI LI by east fhas theehrdessti i bad.r@ ginggééhm?r?@_@l Pding
suitably used tor’ €

appar at us accor@dgkto the,present invention is
transmissi on of a conpfesEtyeld8oadi ggmampi ehbdh di biigta Heghiem £1 s€' P e

resiliency is eggiy nd the coding . .efficiency for 30 arithmeti'c coding I's
i nproved. 48 CEAI N‘Eg?f'a' %\F‘&Yaﬂ%a‘r%i@’Fale%eilféyapm:hiua_ﬁbe wekidggd tal
art thieti ¢ codi ng eal toator T af S GhA A8 HBlerti Anag e Eem exdldodel (o be

arithnetic coding said digital si'gh&
used for each typetafres, digital signals for texts and multimedia
10 digital Signals in which these are mixed.

In the first and second embodiments, a slice
is given as an example of digital signal
transmission uwnit. In the third embodiment, a
transmission unit, constructed according to data

15 partitioning for collecting data in a slice
according to a data type, is given as an example,
Alternatively, an image (picture) constructed from
a4 plurality of slices, i.e. a video frame, may be a
transmission unit. The pPresent invention also finds

20 an application in a Storage system. In this case, a
storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

25 As has been described, a digital signal coding
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

30 arithmetic coding is improved.
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codi ng data anong a plurality of context nodels; wherein said coding unit,
when said digital signal is divided for each predetermned unit to be
coded, nultiplexes into a bit streamthe information representing an
initial state of probability of occurrencte of the context of nodel
corresponding to the type of said coding data and information of
initializiagaaMsegi ster value which shows an arithnetic decodi ng process
with a bit streamas part of the coded data of said predetermned wunit.

2. Adigital signal coding nethod for making a conpression coding of a
digital signal,ac Lsing: _arithnetic coding said digital signal by
determining a %oﬁ?@%tg%ng%gn?é SgggggdaPB?régéﬁ fopemgkipgdang data anong
a pluralitgompresnt ext conied Sor di Vi di D9, al Lgit l.gnal for each
predetermned unit to be coded, and?nu?ti%?ggég ?é?@kgSBPg'strean1the

i nfor mati oh “Fepteshtt nfPBmMThtinetictacding padbabigityiokiggaurpgnce  of

t he cont extetd rieed r i tp the type of said coding data and
i nformation of initi%ﬁ?i#ﬁ%ggggéggg?grtosg?u%s i EAT sBBGR BvParPEhnetic
decodi ng FAEEE ddtish amory ta pIeean BSy NSF teohitdPe fogsrsdata of said

predetermped.. ynid,, 4 coding unit, when said digital signal is
divided for each predetermined unit to be coded,
multiplexes into a bit stream the information representing
an initial state of probability of occurrence of the
context of model corresponding to phe type of said coding
data and information of initializing a register value
which shows an arithmetic decoding process with a bit

stream as part of the coded data of said predetermined

unit,

2. A digital signal coding method for making a
compression coding of a digital signal, comprising:
arithmetic coding said digital signal by determining a
context model to be used for each type of coding data
among a plurality of context models;

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

multiplexing into a bit stream the information
representing an initial state of probability of occurrence
of the context of model correspending to the type of said
coding data and information of initializing a register
value which shows an arithmetic decoding process with a

bit stream as part of the coded data of said predetermined
unit,




