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

.DI'Gd TAL SI GNAL DECODI NG APPARATUS, DI G TAL SI GNAL

%))

ARI THVETI C 5 CODI NG METHOD AND DI3G TAL Sl GNAL

ARI THVETI C  DECODI NG METHOD TECHNI CAL FI ELD The
present invention relates to a digital 10 ,signa
codi ng apparatus, a digitglpEtgrakcxerod ng
apparatus, a digital signal arithmetic coding nethod
and a digital signal arithmetic decoding nethod used
for_video conpression coding and conpressed vi deo
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coding . w || _ be - .
apparatus, a digital signal arithmetic coding

method and a digital signal arithmetic decoding
method used for video compression coding and

compressed video data transmission.

BACKGROUND ART

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

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

representing a plurality of symbols as a single



outlined by referring to Mark Nel son, "Arithmetic

Coding + Statistical Mddeling = Data Conpression 5

Part 1 - Arithnetic Coding", Dr. sDobb's Journal,

February 1991. It is assunmed that an information

source generates information synbols conprising

al phadetworndd a nessage "Bl LL GATES' is

arithnetically coded. 10 The probability of.

appear ancéhéf dewmteipduabehdhed agréthnastdef ioediasy will be
shown |n Fi indicated in a colum "RANGE" of
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character. Therefore, the letter correspon
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[0.2, 0.3). To code "I" subsequently, "the range

0. 31lphadetéi adid nat hegsagess RILLOGAMESB" is

regarded as a new segnent [0, 1) so that a
supsbgmartioad ly 280@es).is identified therein. The
process of arlthnetlc coding is a process of
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Rep atln t he procd%s f.or the characters the result
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of a probablllty line defined by a segment [0, 1)
are uniquely established for resPéctive characters.

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

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

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

represented as a Low value "0.2572167752" of a



Adecodi ng process is an inverse of the coding

process. 5 First, the coding result "0.2572167752" is
exam ned to determne a range on the probability 1line
in which the result lies and detetnmine a character
assigned to the range. In this case, we restore "B".
10 Thereafter, the Low value for "B" is _ subtracted
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decpelhBgs Sy performng an arithnmetic coding as
descri bed above, a nessage of extrenme length could be
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i npl enentation, it is inpossible to operate with :

i nfeixaméndeti tal deeersiione Wreovee ofulti @l peribHPilit
and division are necessary for coding and decodi ng so

t hdtirheain cohpothatthealresodd i siesposed. déeeemine a
probl ens are addressed by 25 floating-point deci nal
coORPABRF SR LUsARF igned belehidral roamasentat ibhis case, we
regi sters of an integer type. The Low value is

ap%Fﬁ&?%ﬁﬁ%d By-a power of 2 so that nultiplication
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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
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
implementation, it is impossible to operate with
infinite decimal precision. Mdreover}
multiplication and division are necessary for
coding énd decoding so that héavy computational
load is imposed. These problems are addressed by
floating-point decimal computation using, for
codeword representation, registers of an integer
type. The : Low value is
appfoximated by é power df 2 so thét‘multipliqation
and division are replaced by shift operations.

Ideally, arithmetic coding according to the above-
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synbols. More specifically, when the probability of
occurrence varies dynamcally, the coding 5 efficiency

hi gher than that of Huffman codipg is available by

tracing the variation and updating the table of Fig.

1 appropriately. Since the digital signal arithmetic
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problemto be addressed is that, when an arithmetic
codiafir pib@sssaboviror pasdt vhde® cbuprmg alvi ddy kidade into
and 30 the Légne has to ,be divided into snahl uniii
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structure) in order to minimize degradation
occurring in an entropy-coded video signal due to
transmission errors.

Huffman coding maps individual coding symbols
into codewords of an integer bit length so that
transmission unit is immediately defined as a group
0f codewords. In arithmetic coding, however, a
special code for explicitly suspending a coding
process is required. In addition, for resumption of
coding, the process of learning the probability of
occurrence of earlier symbols should be reset so as
to output bits for establishing a code. As a result,
the coding efficiency may suffer prior to and
subsequent to the suspension. Another problem to be
addressed is that, when an arithmetic coding
process is not reset while coding a video frame and

the frame has to be divided into small units such



effects on video quality result when a transm ssion 5

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

present invention addresses thesg problens and has an

objective of providing a digital signal coding

apparatus and a digital signal coding nethod capable
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i mproving a coding efficiency of arithmetic codihg.
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providing a digital signal decoding apparatus and a
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decoding in a situation where the coding apparatus . .
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transm ssion unit. Aternatively, a probability of
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on dependence of the digital signal coded on _the ) )
signal i ARG dRBCE® HheldVanbiamal iy & BuRghfKlenpblective

tr% 'EE%%T&%W&t% éfgi g¥mgiyégio&ecoding 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



occurrence may be | earned by counting a frequency of
occurrence of coding synbols and i nformation
representing a probability Iearnéng status, occurring
when a given transm ssion unit has been 10 coded, may
be nmultiplexed into data constituting a subsequent

Egﬁf§k§ﬂf@sﬂmf'uyﬁ£hti&§ fﬂ%{?vgixﬂbéetfbbability of

nue codi ng across bounds "o ran SSiOon units

by dobaridddde oMisad i £95RidiSImapeadd®érmined,
arithnmetic coding 15 status or the synbol probability

| eys 88 Yot @ependeiced HEgh keod €giafa Brsdignal coded on
resilience and an inproved coding efficiency of
ar ittheesilgmali dpcYedeld . ihnocaccor daaceplmrhlaty of
digital signal decoding 20 apparatus and a digital

5si bl agesddi hyamstthbd s iacm onaliides t othiee prE ility of
i nvention, a decoding process nay be initialized_when
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information nultiplexed jnto data constituti.ng.the . .
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is started,” based on irnformation nultiplexed into
10 datcd BOdGoned vt blel Apu1ha g ered Ssno8 ditaapdnstituting a
representing 7 a synbol occurrence probability
| esub sgguteat st ratrhemdssiiensan i gi t al si gnal
received in the units may be decoded, by determ ning ,
a probabMiitly shisocciitr ehepers 3Ebler &P sgapdiknue coding

based on dependence 5 of the digital signal gecodeg on, , .
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instead of resetting, the earlier arithmetic coding
15 status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result. |
In accordance with a digital signal decoding
20 apparatus and a digital signal decoding method
according to the present invention, a decoding
.process may be initialized when decoding of a
transmission unit is started, based on information
multiplexed into data constituting the transmission
25 unit and representing an arithmetic coding status.
Alternatively, a probability of symbol occurrence
used in decoding the transmission unit may be
initialized when decoding of a transmission unit is
started, based on information multiplexed into data

30 constituting the transmission unit and representing



transm ssion units, and by learning the probability
by counting a frequency of the restored synbols. Wth
this, proper decoding is possiblg in a 1-0 situation
where the codi ng apparatus conti hues coding across
bounds of transm ssion units, by inheriting, instead
of re I ng, ' t. j r
card 7 R UG AN L bRl 18 FFrpng status,
l?%ﬂ%”@dﬁé&@ﬁségi%BE%%&ESQ%JﬂAPNﬂEEJﬁEéQVWKN@%e units
Fig. 1 shows the probability of "occurrence of
I Ndiay dp@! &@@b@€d¥Sbgh%baeﬂmﬁﬁ@nﬁﬂdipﬁﬂﬁaﬁiiity of
arithnetically coded. 20 Fig. 2 shows an arithmetic
codowgureridewbdn rébeopedseydidl sGAESEE eids on dependence
arithnetically coded. Fig. 3 shows a construction of '
5a Wflebheodlhgispdaraigaa i decadedgoal thai sgignal
apparatus) _according to a first epbodi nent of the
pr ddept udesl | iReMNONO FFidy. PLusRowst ¥ Qs Bd&G Mt of

a video decoding apparatus (digital signal codin L g
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context nodel for a notion vector. Fig. 9 shows a

sl icod shguaiaress bounds of transmission units, by
inheriting, instead of resetting, the arithmetic
coding status for earlier transmission units or the

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

the phrase "BILL GATES" is arithmetically coded.

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

25 invention.

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

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.




Fig. 10 shows an exanple of bit stream generated by
the arithnetic coding unit 6. 10 Fig 11 shows anot her
exanpl eof bit stream generated Qy the arithmetic
coding unit 6. Fig. 12 shows another exanple of bit
stream generated by the arithnetic coding unit 6.

Fig. 13 ter cll a

ar i himet | ecati B8, anir S EH g Pl Ehg b dPes ses
B%Urﬁ@dpﬁyxﬁﬁﬁsé¥ﬁ£ﬁﬁ3¥hcbkdi@n@“dﬂﬁ@t%Cof Fig. 5.

decodlng unit 2 Fig. 13 Fig. 15 shows an

internal EpgstruciionstrdbesaratboRidep€odiiga Ubbinthext

according to a second 20 enbodi nent of the present

i neodiedn. Fig. 16 is a flowhart showi ng processes
performed by the arithnmetic coding unit 6 of Fig. 15.

5|=| g. 17 iFidast Gatbtlasdomers mYckXagmphen@f 26ontext model

18 shows an exanple of bit stream

hé?ﬁtéd‘ﬂ?tﬁﬁéldY?FﬁﬁB%1c codlng unit 6 according
to t he sqgond nbodi nent hﬂﬁh _ shoms an interna
constructibf o t%%°w§0‘%r§ i a%%%%?ﬁ& unit 27
accor di ng, { ”1% S£68%E 9 E”%Q&pﬁ’g %f' ﬁ.tzosfﬁe%m

fl owchart” show ng processes per
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enbodi nent of the present invention. BEST MODE FOR
CARPRM iGa®Ed THE [tNENEIrGN:hmetic coding unit 6.

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

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

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

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

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

Fig. 17 illustrates a context meodel learning
status.

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

Fig. 19 shows an internal construction of the

arithmetic decoding unit 27 according to the second



10 Hereinafter, details of the invention will be
expl ai ned by describing the best node for carrying
out the invention with referenceqto the attached
drawi ngs. First enbodiment 15 A first enbodi nent of
the present invention is presented using an exanple,
di sehesedihénP.. Marpe et al. "Video Conpression Using
Cont ext - Based Adaptive Arithnetic Coding",
I nternatimhgl. 2@nier encEl eRcdhEge BHILRSRig P 2O8EsI s
which 20 arithnmetic coding is applied to a video
codiayf osuede byher bea aggubhmedriba diedddintt pniel 27 of Fig.
(hereinafter, referred to as a nacrobl ock) produced
by Whiformy dividing a video frane is a coding unit.
25 Fig. 3 shows a construction of a video qoding
3 appar at ug Y9l gittlal S BPYFal A R 0 8XANRHSarct UBYLt atEBREMg
to i_rst .epbodi.nent _aof the, present,, invention X
Refgteér}??%altt%dp g et i RSEST niPIP Il & according
ex@ﬁm%sﬂ%{¥$'gﬁﬁﬁﬁﬁﬁgﬁifSE §ac0 B%JJEnEOin ntion.
macr obl ocks "of an I nput Vvideo signhal *1,” usSing "a Y%
reference image 4 stored in a frame nmenory 3a. A

notion conpensation unit 7 constructs a tenpora
pr el T eHODMIEOR [EBRAYANG hoUMDITRR Y RNTION

extracted by the notion estinmation unit 2. A5

10 subt ract drersdidetfdren pedet aifiserefict heet imeertthbon will be
i nput video signal 1 and the predicted i mage 8 and ‘
outFRkaipedii byedarerad iamgt sysorbespr suwdel dier carrying
error_sjgnal, 9. A spatial, prediction unit 10a refers
to%tfe THE iipUeDHIRR Widdh refsFaceo entha ARtached
Spayé%ings.

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", Intermational
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



prediction error signal 11 by making a prediction
fromspatially neighboring areas in a given video
frame. A coding node determination unit 12 selects a
node capabl e of coding a target hBcrobl ock nost 15
efficiently and out puts codi ng node information 13,

t he de sel ected by the code de det rm nation
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unit 15 subjects the signal selected for coding by
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transformso as to output orthogonal transform
coeinpuitervideica.s dgngquant | aad onhenipradigiedi imsige 8 and
the orthogonal transformcoefficient data with a
gr MERNES thedidhfEgusgnaeq@mt dRatiemperad prediction
paraneter 23 30 dn§ern1ned by a coding controller 22.
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I nverse orthogona ects the

Oftﬂ"@éﬂﬁ.@tiéﬁnﬁﬁ&C%qfi h&enty dayanwbiﬁgt ef peediction
I hver se quantlzatlon by the inverse quantlzatlon unit

18.fromwistpedit ig Ly t nBA gieberting oareaspuint ke given video
tenporal predicted image 8 output fromthe notion 101
co &t-i dn apidiivg omog e pdeitair i pditdianl hmeide 2@ selects

output fromthe spatial prediction unit 10a, in
a mode capable of coding a target macroblock most

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

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

determined by a coding controller 22.



accordance with the coding node information 13 out put
fromthe coding node determ nation unit 12. An adder

53 adds the output signal fromthe 15 switching unit

52 to the output signal fromth i nver se orthogona

unit 19 so as to generate a |ocal decoded i mage 21

and stor tk LIy i ag i h r
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notion vector 5, the coding node 1nformation 13, an

spafraim plesli guizont fRae iddn URE t o1 6hagppal dH@ngkamilarity
coefficient data 17 to entropy coding, so as to

outimd igadosld nhyr eshbt quianaiZattansmtssepopdndhetedd 23. An
as conpressed video data 26. The coding controller 22

ScortRBEE sSconpbidmaonadc| ttang fidiemcadiiy Addesubjects the

deternination_unit 12, the quantjzation unit 16 and
t h@Fhepsna fuiianafiod upreiiicient gdataspybjgcted to
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orthogonal coefficient data 17 and the quantization
steptpatafaten 2he Thpatnvael spreudhbtitzadnonndi t108, in
10 subjects the orthogonal coefficient data 17 and the
quaARG 2BERHE &t ¥a Yuar hvet dod3ngenoded yfomgation 13

arithmetjc decoding unit 27 to inverse quantization.
output from the coding mode determination unit 12.

An adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal unit 19 so as to generate a
local decoded image 21 and stores the locally
decoded image 21 in the frame memory 3a as the
reference image 4.

An arithmetic coding unit 6 subjects coding
data including the motion vector 5, the coding mode
information 13, an spatial prediction mode 14, the
orthogonal transform coefficient data 17 to entropy
coding, so as to output a coding result via a
transmission buffer 24 as compressed video data 26.
The coding controller 22 controls components
including the coding mode determination unit 12,
the quantization unit 16 and the inverse
gquantization unit 18.

Fig. 4 shows a configquration showing a video
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The inverse orthogonal transformunit 19 subjects the
ort hogonal transform coefficient data 17 and 15 the
guanti zati on step paranmeter 23 thus inverse quantized
to inverse orthogonal transformjidhe notion

conpensation unit 7 restores the tenporal predicted

i mage 8 using the notion vector 5 restored by the

ar idduetiin gles pghangr tinist 2d i gA 291 spaitgah 1prédtotd vmg
unit 10b restores the spatial predicted i nage 20 from

t ha rapatradiup ediccto vd impglet ol4 hestfaresitbyenbhediment of the

arithnetic decoding unit 27. A-switching unit 54
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I mge 21. A description will ‘now be“given of the

opphatameteeca siingHe iherdrset rbadiiratiodia ﬁt.Lt i8

the operation of the video codi ng apparatus and the

vi sebjcecbdi mhappatdiagondl beebfiiciimnit @@ta 17 and the
outline of the operation of the video 10 codin
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The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient‘data 17 and
the guantization step parameter‘23 thus inverse-’
quantized to inverse ofthogonal-transform.

The motion compensatlon unit 7 restores the
temporal predicted image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
14,restéred by the arithmetic decoding unit 27.

A switching unit 54 selects for output the

. temporal predicted image 8 or the spatial predicted

25

30

image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error

signal 6utput from the inverse orthogonal transform

unit 19 to the output signal from the switching

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



vi deo codi ng apparatus estimates the notion vector 15

5 for each macrobl ock using the reference i nage 4

stored in the frane nmenory 3a. The notion conpensati on

unit 7 constructs the tenporal lgxedicted i nrage 8

based on the notion vector 5 when the notion

detection unit 2 extracts 20 the npotion_vector 5. The
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predi ction error signal 11 by making a prediction 14 5

from spatfiiatsy ,neilghbegegatieas of alge veidedleooding
frame. The codi ng node determ nation unit 12 selects

a rapearapais eanfd codleny idd¢ar getcoddenapl appamstus will be
efficiently and outputs the coding node 13 to the
arithkdin€doding unit 6, the selected by the code

node determ nation, being one of a notion caonpensati.on
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error si
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 wvector 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 prediétion error signal 9, to the coding
mode determination unit 12.

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

prediction error signal 11 by making a prediction



information node unit 12 for coding a skip node
zero and 9 has a null conponent, and an intra node for
coding the spatial prediction error signal 11. Wen
sel ecting the notion predictiont4mode, the coding node
15 determnation unit 12 outputs the tenporal

predi cti-on error. signal, to the orthogonal tran
uni]?r'i%‘ FPYC LAY PRATHRGTINS %&ia%g.mvﬁengl
selg '@g the intra node, the codi ng node

determ nation unit 12 outputs the spatial 20

pr edi cti%sr?%&dsfggnﬁ'ocﬂé a%§{§TQhEWHahnit 12 selects

transform uni ~a signal at requires coding.
Wen hbgemid pAHAEdb ¢t icid Qe d st aelgeal eflacid®block most
notion vector 5 is output fromthe notion estimtion

Sunidf 2itd diel gr idddebue potlsng i todip mvde information
informati on that requires coding. Wien the intra node
i s Iskl ot adhet hediitrhmatgreede etiiorg nodd t146 j s thout pode
fromthe spatial prediction unit 10a to the | .
ar ighheetedoayng i €odeasme drordrt esmitmat ioegundds 12
onal transformunit 15 rece

cogjn . 30 The qrtho iyes .
{hPABG] GRE Phar® MEQHLOTS COMBRPFROHAheROGH ot coding
no d rmnatiqn Lt .12, subjects _t.he signal to_, .
o iR SR ARY et i pubd Sk P T a0y 2°skip mode
10 0" iehpgoRale 44 @NFHU R CORY 118681 A 8ckd4 NS 35 zero and
guanti zation unit 16.
the temporal prediction error signal 2 has a null

sform .
ven video

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
mode is selected, the intra prediction mode 14 is
output from the spatial predicticn unit 10a to the
arithmetic coding unit 6 as information that
reguires coding.

30 The orthogonal transform unit 15 receives the



The quantization unit 16 receives the orthogona
transform coefficient data fromthe orthogona
transformunit 15 and quantizes the orthogona
transformcoefficient data with 5310 granularity

i ndi cated by the quantization paraneter 23 determ ned
by the codlng controller 22. By allow ng the coding

confllglnlae]r Shaty r@@h‘tlr%‘?stﬁé’ LRAt iR of h&t e‘foOdlng mode
t bal di
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step paraneter 23 is adjusted in accordance with

5t hegtiaaitdiph tienimends of6the data that remain |n the
buffer. For exanple, when the residual volume 25 is

| arge, tHeheodjumntateet sooontndt| kb toebeivesy dik
when the residual volune 25 is relatively snmall, the
coRhghegtanad dom psificadnt goissf Hit gh et 28atimt frpm the
quall%é is i roved The inverse guantization unit 18
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transform coefficient data subjeCted to inverse

quant i zatByna by diEngnwieecodimgt iczait oo 10dt 22 too
i nverse orthogonal transform
control the quantization step parameter 23,
appropriate balance between a coding rate and
15 gquality is ensured. Generally, the volume of
arithmetically coded data stored in the
transmission buffer 24 for transmission is examined
at predetermined intervals so that the gquantization
step parameter 23 is adjusted in accordance with
20 the residual volume 25 of the data that remain in
the buffer. For example, when the residual volume
25 is large, the coding rate is controlled to be
low and, when the residual volume 25 is relatively
small, the coding rate is controlled to be high so
25 that the quality is improved.

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

30 gquantization with the granularity indicated by the




The switching unit 52 selects for output the tenporal
predicted image 8 output fromthe notion conpensation

unit 7 or the spatial predicted %nage 10 20 out put

fromthe spatial prediction uni§ 10a, in accordance

with the coding node information 13 output fromthe

codj rng,.nati it, 12, en the coding
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13 indicates the intra "node, the switching unit 52

selsach §ebaredut putinhersepajuantirest ibed byagh e20inverse
output fromthe spatial 20 prediction unit 10a. The
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unit 52 to the output signal fromthe inverse
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coefficient data 17 to entropy codi ng according to

st egxaledandiedwliabert hane cdii pyt mdde cadiogmaesion 13

via the transm ssion buffer 24 as the conpressed

vi @83 plat a f2zom 5the) Gudliing: nédeheleperatimoataon henit 12.

video decoding_apparatus The arithnetic decoding unit
27Whei the 1grding mode information 13 indicates the

motion prediction mode, the switching unit 52

15 selects for output the temporal predicted image 8

output from the motion compensation unit 7. When
the coding mode information 13 indicates the intra
mode, the switching unit 52 selects for output the

spatial predicted image 20 output from the spatial

20 prediction unit 1l0a.

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

30

as the reference image 4 so as to be used for
motion prediction for subsequent frames.

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

information 13, the spatial prediction mode 14 and



conpressed video data 26 fromthe video coding

appar atus and subjects the received data to entropy 10
decodi ng described later, so as . to restore the notion
vector 5, the coding node informdtion 13, the spatia

predi ction node 14, the orthogonal transform
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subjeets ecoari%oggeabrtaﬁngf Qdn ge%?g CheBkrdddaliater
and the uanti zatl on step paranmeter 23 restored by
theandrbipits 49r0debd iWgt rle®y TWeRSQ URat itz hemission
, The inverse orthogonal transformunit 19 subjects 20

t héowf £fbagdhl atr artsé ocomped Es@dent idaica dadtand 6t he
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14 restored by the arithnetic decoding unit 27. 5 A

di fioer Poine vizst e en 5t het hpatd ad ipgednsdeonn flormatdbonf 13,
the video codi ng apparatus and the spatial prediction
unitthe oppet ithk pirdsbidbdedi mgodgppht at the sorkdogonal

whil e the spatial prediction ) )
transform coefficient data 17 and the guantization

step parameter 23.

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

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

When the coding mode information 13 restored

by the arithmetic decoding unit 27 indicates the
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unit 10a is capable of perform ng a step of nost 10
efficiently identifying the spatial prediction node

14 froma variety of avail able spatial prediction
nodes, the spatial prediction unig 10b is [imted to
generating the spatial predicted imge 20 from the
spatial prediction node 14 that is given. 15 The
swiiithrag mmde S4hprapatddl npgedicedioarednit 10b
conpensation unit 7 or the 20 restored by the spatia
acamsbpcesi the hepeddial 20redicdrad bhpadge 20 using the
arithmetic selects the tenporal by the notion spatia
pré@atiadl nhgedigtdicnt ispdmildimestarasddby the
infornahion 13 decogLng uni t, 27, _The switching unit
54 e hNBRHLEs 8RSt B8 4thedé - to the adder 55 as

h di d. . Th der 55,. i Vi h c
brd ct ok 1 WEE TSN CneP SRAGH nf i P84 Lada@TRgiction
pradi of eqd 2o g?a%éovti*beeé?r%%d’ihg” b atggal nqg the
outmﬁ fromthe T1nverse orthogonafF tr SFSrm anit 49

Sosge%éf?al"béﬁbﬂit&‘@igt%ﬁgg?@ti "Bg5 &k the Ok%agg,dt%ecoaing

i ma 21 isstored in rane nenory 3b so,

beapyrdr he wieneeattch #¢6dighed e neMEsti®dll prediction
subsequent franes. A difference between 19 the frane

megnriites18a abhs Hapabliestsfi pahtordiiigr ancet bpt veEnmost

t he video codi ng apparatus and the video decodi ng

app&fdt @i emdsbycdidampifgsinggthe 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.

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 tﬁe spatial prediction ﬁnit 10b, in
accordance with the coding mode information 13
restored by the arithmetic decoding unit 27. The
switching unit 54 then outputs the selected'image
to the éddér 55 as the predicted image.

| The adder 55,_réceiving the predicted image
from the switching unit 54, adds the predicted
image to the prediction error signal output from the
inverse orthogonal transform unit 19 so as to
obtain the decoded image 21.
The decoded image 21 is stored in the frame

memory 3b so as to be used to generate predicted

images for subsequent frames. A difference between
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the menories. 5 (3) Arithnmetic coding and decodi ng A
detail ed description will now be given of arithnetic
codi ng and decodi ng according to the features of the
present invention. A coding prod@ss is perforned by
the arithnmetic coding unit 6 of Fig. 10 3 and a
decodi ng process is perfornmed by the arithnetic
deddtk nframe memeir 12§ 38 g P sAERS kSts in the

oL Ut 1S 8 BIEL' s GRS B8NS, R5U 18y ana

o T ST APEALRY" ana SR EERRELTLR I, pBsting

30, codi Lt 31 and a transm ssion unit
geﬁgﬁztﬁghﬁ%%#§535. The context nodel determ nation

unit 28 Q%t)erﬁk'iQslarﬁ’et‘i_@m@daiﬁﬁﬂfeénﬁd@é?ébBQ@h_d ater)

defined for each of 20 individual types of coding-data

i ncl udi ng tdetamtddndesctni pbidmewdddi ngowothee given of
information 13, the spatial prediction node 14 and

t hait hogdrat coddmsd oamdcodéfios emg @mepudinpheto the

bi nari zation wunit 29 converts nultilevel data in
acdeafemEesniah then BYREETAt 16T RFéOdet S nFREJE R, PrOCESS

SZ&%Séﬁe%%%‘fﬁv%se?iéﬁr%?%itaﬁsﬁ%?%ab'%ifltgyunit 6 of Tig.
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TSR A g e I,

generati gaquni § ZhowsdacHSastiitidtong obenhtehearithmetic

arithnmetic coding should be suspended and constructs

dated rogsuintit i 8goF tFagsnidsi sefimrriatg tbe Fiig ngd, the
arithmetic coding unit 6 comprises a context model
determination unit 28, a binarization unit 29, a
probability generation unit 30, a coding unit 31
and a transmission unit generation unit 35. The
context model determination unit 28 determines a
context model (described later) defined for each of
individual types of coding -data including the
motion vector 5, the coding mode information 13,
the spatial prediction mode 14 and the orthogonal
transform coefficient data 17. The binarization
unit 29 converts multilevel data in accordance with
a binarization rule determined for each of types of
coding data. The probability generation unit 30
assigns a probability of occurrence of binary
values (0 or 1) for individual binary sequences

after binarization. The coding unit 31 executes

arithmetic coding based on the probability thus



5 Fig. 6 is a flowhart show ng processes perforned

by the arithnetic coding unit 6 of Fig. 5. 1) Context

node determ nation process (step ST1l). A context nodel

is a nodel that defines 10 deperdfence of probability

of occurrence of data synbols on information that

causes variation in the probability. By sw tching .

bet #4888 A BBEbi IThy tFaNTBiES RBouAdecIRiNGFIhdon unit 35

d , Lt I bl di dapt ed. .
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an 53Ut QP ; d 4 Vst ea®l die falfing.
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first enbodiment, the value for ctx is switched from
onegpetdcamédeby nthecaribbhmetid cricidgpendetcée 25f Fig. 5.
bet ween codi ng data for a given macrobl ock and coding
data for I) népgitex t nathe r dielteokm i Biad i@ni [Hnscesses(step
an exanpl e of context nodel for a notion vector, the
exafPl e -being taken fromD. Marpe et al. "Video

Conpression using Context-Based 30 Adaptjve .
Arit hnet ik ‘Ejaaitr‘?%"‘} RRCS hat Porfal M9 edort BAE e Eines

1o] TAERERGTEL S 2o pG EERNE S, BRA g BTR 4 or asea
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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 wvalue for ctx is switched from one
to another in accordance with interdependence

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

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

Marpe et al. "video Compression Using Context-Based

30 Adaptive Arithmetic Coding", International



error nvdk(c), a difference between the notion vector

~for block C and a prediction thereof from its spatia

nei ghbors, is coded. ctx_md(C, k i ndicates a
context nodel. 10 nvdk(A) indicales a notion vector
prediction error for block A and nmvdk(B) indicates a
nmotion_ vector prediction error for blac

. mvdk(A)
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shoul d best be optim zed based on ek(C). A context
modatros aned kf cpredaf diddf seesc of bedwaehotdhefmotion
probability estimate. In this case, _there are three
vaiegten @5 bllgrkbsbiandyarprediehionaditrrepdmfrom

the notion vector, context nodels are defined f
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th tial dicti d 4 dth th I
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nodel determ nation unit 28 of the arithnmetic coding

univtedst of pigedicael ent erardr nddet HébioledBflomwdkypg and

of coding data. , Selection, froma context nodel, a

pr ovabk [By are used to define an evaluated value ek(C)
evaluated for switching between context models.

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

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

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

and the orthogonal transform coefficient data 17.

The context models are shared by the arithmetic



estimate variation is described as a probability
generation process in 3) below 2) Binarization step
(step ST2) 10 The coding data is turned into a binary
sequence by the binarization uni42 29 so that a

. context nodel is applied to each bin (binary
0

| ocati,on) of the binary sequence. The rule for
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nodel . 3) Probability generation process (step ST3)
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sel ection of the probability. The probability
gememat ext umoded0 et applnesdt s emehudtbd (Himary
such as ek(C) shown in Fig. 8 for
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 te 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




sel ection of the probability. The probability

determ nation unit 30 accordi ngly exam nes options 10
avai l able in the context nodel referred to and

det erm nes whi ch vari ation of p?@bability estimate is

to be used for coding of a current bin. 4) Coding
3

t ST3- ST7) _As. ult_of the st
P OEER B3 Eg S Lot fehead e O EadL Yo o
. . : : Cer . fied .
o1 B RE# PPhR pdSudBiertped SSLARULRI 48 B/1 1
perd DR 3l t hnmetic coding as described with
reference to the related art (step ST4). 20 The

actual cedigg datghdds(Amrethmpléed hacke Pl ed value

probability generation unit 30. The frequency of
5ocakiencEcaf Heldcst tomnteefl theugsmbbalhbivar. erhen

of probability estimate in the context nodel used

( sthPrlsaBlil by Fgenuafplion | unid ad8udeterpndinesihehe

a total of 100 bhins have been coded using a, variation
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1 is updated to 0.247, 0.752. According to this

medlzane sl nefd | Whakth codiriG thiadap £dproBdliadtiipl estimate
probability of occurrence is possible. An arithnetic
code 33 gbeenmded Mot heodddiaggo fura t c8Y fewin bhim .
coding data 32 (0 or 1) is fed to
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 subsedquently coded using the same variation of



the transm ssion unit generation unit 35 and 10

mul tiplexed into data constituting a transm ssion

unit as described in 6) below (step ST6). A
deternmination is made as to whetdfer the entirety of a
bi nary sequence (bins) of the coding data has been

coded &Fte ST7). 1f the codln%ihas 15 not been
conE)FQ bﬁﬁ’rcﬂﬂé@é&%rn%&' ot S gy eRY %qucurrence

St Pl 4 & oPPRRTRA “Pp (hniE fd AT RRA BT G
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generati on process deScri | ow i s perf'or ned.
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STS-ST9) Arithnetic coding turns a plurality of

S5seqadapee dft 60ding ﬂataxantﬁr@wamgn&tquemrdhcﬁ\rréﬁme is
speci al consideration that should be given to a video

si grabsiidlihat a decoded i mage should be created in

units of franmes so that a frane nenory is updated.

This is Bataasdthmetds Fodel 35 gengrated A byle coding
mot i op predlctlon het ween_ franes 30 and frane-by-f
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transm Ssi on, € conpresse
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smaller than a frane. exanpl e of sub-fTane unit is

known as aa d@teemﬁtaucit:m eipr adidedaby tof owhigither the
plurality of macroblocks in raster scan order.
entirety of a binary sequence (bins) of the coding
data has been coded (step 8T7). 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

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



10 Fig. 9 illustrates a slice structure. A macrobl ock
is encircled by dotted lines. GCenerally, a slice
structure is used as a unit for resynchronization in
decoding. In a typical exanple, 23slice data are mapped
onto a payload of a IP 15 transport packet. For

real -time I P transm ssion of nedia _data such as video
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RTP payload in units of 4 slices (video
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Since UDP does not support retransm ssion, the

entd rer gmef. shncexknpleny fiosubesthamedatedtng soknown as a

apparatus when a packet |oss occurs. If the coding 26 _ ,
of SdibReqFdiiugtuge dargducesndiyt i 9redphng a plurality of

I nf t] f the di ded_sli I at
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resorting to any I nterdependence. For éxanple, It

shewtk bg19Rs T 8d stihbé eSlsiteu dtus € Oigodere &M b0 unit for

using i nformation of macrobl ocks
resynchronization in decoding. In a typical example,
slice data are mapped onto a payload of a IP
transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header
portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
an RTP payload in units of MPEG-4 slices (video
packets).

RTP packets are transmitted as UDP packets,

Since UDP does not support retransmission, the
entirety of slice data may not reach a decoding

apparatus when a packet loss occurs. If the coding



| ocated in Slice 3 above or Slice4 bel ow. For

i nprovenent of arithmetic coding efficiency, however,
it is desirable to adapt the probability of
occurrence of synbols to surrourdfing 15 conditions or
to maintain the process of dividing a probability

| To code Slice 4 and 5 i ndepepdent of each
ot HoF , SRS ERBRR'G. 8 110 JREA bl BE TGP SEART g a

COPAR gl BE WL LcC oSl 0o 2 4790 BN o mﬂte
| S £088 &¥ﬁ€t1§0%5%| %séﬁbg@3é€9hyf¥ tﬁer%%%sb%uent

an initi ate so hat coding Is restarted.
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exits between the end of Slice 4 and the head of

5Sl imermalZbyresulting in a | ower coding efficiency.
Thus, a general practice in the design is that
resiliendtort ¢ hirexpeetsaun | osg of sshieseglaaa wiueot @nsure

transmssion errors is inproved at the cost of a
deckRase any t Hd Vet fd 1639 | EFeRBOPEE Ithed erRded sdmonits
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sp cov' SFAmEL el hboAd e (Fo B D M s age 5 is
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i nt erdependence between slices i s not disregarded
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slice data is high, interdependence between slices
my be 1Fdl siegarakedment hatt taeithdietgief tiod Bngy is
adaptively controlled in units of transm ssion.
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



The transm ssion unit generation unit 35 according to
the first enbodi nment receives a transm ssion unit
designation signal 36 at the end 15 of a transm ssion
unit. The transnission unit desidfnation signal 36 is
provi ded as a control signal in the video coding
apparatus., The transm_ssion uninvgeneration un,

. 35
gerF SPES 1nG ahOnitdye off 1fit t s SAP IR PPA P AGViies @ method
codewprd of 20_the arithnmetic code. 33 receiy from. - .
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LT 3seE $9/100 £ b 251 ggrerati gn jwe t a3x sl hiepltaxes
the arithnmetic”code 33 derived fromthe coding data
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transmi ssion unit (step ST6). The transm ssion unit

genar e rde pem d end%e deeemwe eps sihiet Ber icodnny ofislnegarded
for 30 macrobl ocks that fit into a transm ssion unit

hadwg b&erfwbhy @xpllofyedierring to the

transm ssion wunit designation signal 36 (step SI8

Wen it FheRetdianipeasihtldéd r@ftéoﬁlﬁlﬂftﬁellcg data is

entire%y Qf .a _transm ssion unit has n
T ed

t, been
co InLRrASP T SRR PRES T sPat SH U5 1BE
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steps ar performed. _ rmned that !
| Po%'cprﬁ@vkﬁﬂlﬂidcotﬂﬁgml'erc?tinoﬁl At 5ap¥T ephakniEion.

is conplete, 10 the transm ssion unit generation unit
35 const mhad stranarniles ifori thd tsupsaguaent ion unit 35

transm ssion unit as described bel ow (step ST9).
according to the first embodiment receives a
transmission unit designation signal 36 at the end
15 o0f a transmission unit. The transmission unit
designation signal 36 is provided as a control
signal in the video coding apparatus. The
transmission unit generation unit 35 generates
transmission units by partitioning the codeword of
20 the arithmetic code 33 received from the arithmetic
coding unit 31 in accordance with the timing of the
input of the transmission unit designation signal
36.
More specifically, the transmission unit
25 generation unit 35 multiplexes the arithmetic code
33 derived from the coding data 32 sequentially
into bits that constitute the transmission unit
(step S8T6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has



1. The unit 35 provides a register reset flag

i ndi cating whether a register value, which 15
designates a probability I|ine segnentation status,
i.e. an arithnmetic coding proce§§'for codeword
representation, should be reset in the next
transm ssion ynit. In the initially generated
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reset flag indicates that the register should not be

5respd . rAT PR ith Fsged sTihed nthhal tke sleferalivation
is provided as an initial register value 34 fed from

t heofodi mpmbekt Jiodelt kendir subs sgquentunsteps are
generation unit 35. 30 Fig. 10 illustrates a bit

st rpanfgameedted by 29 the arithnetic coding unit 6.

As shown in Fig. 10, slide header data for [esse

V|deo sl i"ReBaild i hel dekeEmdmed that tESdéo kB9 o build
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continuit arithnetic coding 1s 10 naintained

evemg\lsgrj_ﬂ@@sb@fldme(aﬂ:@pdsmg yslice occurs, by using
the register reset flag and the initial register
val ue i ndl udeHei mrbt G reprnbvisieseahaosigisdaim. reset flag

Accordingly, the coding
lndlcatlng 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



efficiency is prevented frombecomng low 15 Fig. 10
shows the slice header data and the conpressed video
slice data being nultiplexed int the sane bit
stream Alternatively, as shown %°n Fig. 11, the slice
header data may be carried in a separate bit stream

fore oL f Li\G | (RS sShan @Nd, 3Q  he compressed vi deo

ice d nay have a erefo ID information
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Once it is ensured, however, that the initia
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in Fig. 11, video signals may be coded by fully

exphditiad ttegiedidmbieleamnt ére lmwdietds im whef camerent
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efficiency 1s prevented from becoming low.

Fig. 10 shows the slice header data and the
compressed video slice data being multiplexed into
the same bit stream. Alternatively, as shown in Fig.
11, the slice header data may be carried in a |
separate bit stream for offline transmission and
the compressed video slice data may have attached
thereto ID information referring to the
corresponding slice header data. Referring to Fig.
11, the stream is transmitted in accordance with
the IP protocol. The header data is transmitted
using TCP/IP that provides relatively high
reliability. The compressed video data is
transmitted using RTP/UDP/IP characterized by small
delays. In accordance with the separate

transmission scheme of Fig. 11 for transmission of

headers and transmission units, the data



15 partitioned for transm ssion prior to RTP

packeti zation. According to this separate

transm ssion schene, the fruit :g arithnetic coding
processes is consistently obtai d wi t hout bei ng
affected by the conditions occurring in a circuit. 20
Therefore,. a hit stream Lt hout , t

corei BFmAPeRd ofF LRACHERTHER 1 B34 R8e ve
traE?g,P}; iteds  whi li%@BS‘érliJ‘cheQ relatively high degree
of resilience to errors. Tn an alternative approach

shown ind8. ok2.s Ricés |BY8HL APV TRgReresedré8etting of
i ndi cate whether a syntax conprising t%e regi ster

r eseit érde pafldeifce | oot exegingsd @& lvalhetwedm devideo
used. Fig. 12 shows a register reset control flag,

5i ndi tatadg et kerg aveqy s hkceommd ssdginaksr st er

reset flag and the 30 initial register value is to be
usdteigbbRy BngmAne et ASY L hbhadr decachiergt or a
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th t k , th I st t

cort o B S FAEaRREE T i ate  that the rogister is

1oal ways resfdeatitl hes headwied, Hohevid¥ pugha the initial
vi deo sequence. In this case, 10 the register reset
fl ageqhgdtidie sohtthal fegitst®#hsmidl tledneate noCAr/IP, as
mul tiplexed on a slice-by-slice l|evel. .By
comthravhi gy rBggst erl f evdtdéngsdymalisdaay sbgueheded by
| evel , overhead information otherwise 15 transmtted {
forfudkY @xpboisimglutbe iavailahhgncontext 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, a specified circuit condition (for
exanple, a specified error rate in a circuit)

persists. The register reset control flag may of
course be attached to a header ol any desired vi deo 20
frame (Nth frame, Ntlth frame) in a video sequence.

Fig. 13. i nt I t ti f . the: .

o R BREO 1B anA BSSOE T Tt EACEE AR chnkdfieo

e . it o7 . A :

CeCPRRIR UL BRI 2o  WATBELPIOR Widag grames.
determ ngid pn Ui, 23 a,Pefarizal LoRdeindhed that the
probability genera?loﬁ uni t §O and a decoging uni t

38.c P utitangiadsi ©p YR t1oWeadd Ngtiabied aliaaid on
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added information related to an 32 arithnetic coding
andreéseltadetgi req hetders tThrougdmext anvdétieo seqguence,
determ nation unit 28 identifies the type of data, . )
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type. The "10 Dbi nari zation un generates a

bi Rarigat ndedun®t dski et oplleheeddomnt idi ed idesodiynglice
data type. The probability generation unit 30 gives
thdeywedbability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the 15 .
cont ext BydetonThw lbdod megiistt 88 pesfetting on a video
arithmetic decodi ng based on the probabiljty thus .
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+1lth frame) in a video segquence.
Fig. 13 shows an internal construction of the
arithmetic decoding unit 27 of Fig. 4.
The arithmetic decoding unit 27 comprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38. The transmission unit
decoding initialization unit 37 initializes, for a

transmission unit received, an arithmetic decoding

30 process, based on added information related to an




generated so as to restore the notion vector 5, the
codi ng node information 13, the spatial prediction

node 14 and the orthogonal transform coefficient 20

data 17 in accordance with the Waary sequence

resulting fromarithmetic decoding and the
binarization rule. Fig. 14 is a flowhart show ng a
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designating Whether the register value indicating the
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probablllty of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the
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
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.
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

decoding is started, based on the register reset



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 decodi ng process (st ST11l) The
probability of occurrence of bin to be restored is

identified through, the processes -7)...,The cadi,ng.

uni 1138 And oFBE 1R L ER st 65 aty oAt AU pLexed
acco nce wth th it [ cqdi 0CEeSST ¢

doot) PR ahn b e Bl 5h, fan FECRYCL BEIF R ce (step

Si g cond 4, gunad d t i d {0g ; .whether
The R g e SBo St SE o Frataey igpree Entf wheth
OCOiM & €@y PE @l v@la% (Dnypdai€ing ttife paetidbhhiettyic coding
of occurrence of bin (step ST5). 34 The decodi ng unit

538 grwtlears chaf memsethewahoe .ofwhbnn tlest oeeri byer value is
conparing it with a binary series pattern defined by

t heesasni Aheodmit balstepgistiey . velitet A4 viaguaodf used.
bin restored is not confirmed as a result of

conpari son) weRteethmedglsageermgna et A dd ¥ AEE 15

thg)binatizatlon rul e, the Erocess igsq%igied as _step.
STRIRALJARY AP P ERECSF oBAG IRTOPASL b} FYorIRBEFAT LON
bi n g %QF subsequent 10 processes are perforned for

a $ECOREE ne (steps ST3, ST11, ST5, ST12). If the

1ovalue Offﬂ@sée§%§§Q§§%§°Q@éT?Qr?brﬁ@&c fehley context

matching It wt inary series pattern defined by
thendd 8" izt PR iMH €iolhendata 2, | Rlecap eAdWyitheion unit
mat ching pattern are output as the restored data. If

the dezndi tthésprababillity genehatdmr renitf30 shown in
transm ssion unit such as a slice (step ST13), the

coftiaxt Addel Thess npnadesses 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 S5T1l1)
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).



process of step ST1 and the subsequent processes 20
are perforned repeatedly until the entirety of

transm ssion unit is decoded. As has been descri bed,
according to the first enbodinsg&, for transm ssion
of conpressed video data in transm ssion units such
as sklces the 25 slice header data has {he register

flaf ﬁn@?q%dlpﬁtq%Ftr&ﬁs?@FR&ﬁHeC§@%&F3§m3 e value of
th L th t t.fl whet

e Pogian o o8 Y TREPEATHAS e aMaet] & 0T N Ser tes
oot brs T TaFHaMA o8l NPl ad P B e (ster

congtnyipty of the arithnetic coding process. The
coding efficiency is maintained, while the resilience
5to0 transnmssthe efrdDPae it | BAMOVesls toRasdding wét confirmed
resultant codes is also possible. 5 1In the first
entosli Aemeswal | iode sompa wisons whthudoe abimary series
transm ssion unit. Alternatively, the present
i nienEEean sdefdaed hwmﬁk@bbéﬂQIaZ&&wﬁng§Mﬂ¢onﬁhﬁ

which a video_ frane_is a transm ssion unit. Secqnd

erIRAP TERS AFSPES A e & ohFEgUISE Dot oF groerating the
h di d th h d
ani* OB B3R 197 Qb{ﬂe LECendterbol M K19 ABREeauent
10be o desgidPedy ol 1 P8o5E0R0 eenibod ERMon 8Ok HLY (steps

egl ster va ing the status o
coger®] dsiirom ke argiphneti c codi ng process but al so

the status of Iearnlng of° a variation of probability
esti mat e Iifh theortakbemadel blin Mestphreddisntcohfidrmed 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



20 slice header. The status of |earning occurs in the
probability generation unit 30 as the unit updates

the probability of occurrence of each bin. For

exanple, referring to Fig. 8 in 3khe first enbodinent,

in order to inprove the arithnetic 25 coding

efficiency for block C, information on the notion
vecEBNYIRUptIc o B hbsv A pLsdimetis copLppdt qreeess. The
determi.ne a riation of, probabi]it sti mat.e.
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using a context 5 nodel. Accordingly, the second
enbassmaed pasviadesr ansmei §8d candu Al tappRLaeundoively, the
i nproving the adaptability of the design. The coding

ef fpresent wnvienthioh tie egarsshl gsiagplhchhblse cbded

is 10 adaptively controlled such that the )

sl i @@PEdKI¥aE Lomt bpdadek@Bné@e Yhdpesfeeamef is a
arithnetic, coding is, be disregarded but fully
exptbAPEF 358 o8t dkere the probability of |oss of

slice data due to transnmission errors is extrenely | ow

and the slice- 15 to-slice interdependence may be

di ' : where the probability of |oss
phi e

of slice _Fig. 15 shows an interna
const ructimna ot dhfatafid hEBhIfG g@ERRG i 616 the arithmetic

according to the second 20 enbodi nent.
coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be
described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
slice header. The status. of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.

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

block B should be prevented from being used to



A difference between the arithnmetic coding unit 6
according to the second enbodi nent and the arithnetic
coding unit 6 shown in Fig. 5 according to the first
enbodi nent is that the probabil?ﬁy 25 generation unit
30 delivers a context nodel status 39 to be

4Bt T Rt LG R ey e BE g aRg s o
Shovi 0, W B BRSHF BRYPLERE BodURf BBt ey 1o
apprRge 2Rle Oh f helRneeqhr aRédpe il ovphadaphilhity 6f

according to the first” enbodiment 1s that the context

NDER] c e 2lelifc §9ibhadaﬁe@uf§1yn_dtéiee PmACRSE Ak isigpa context
ST3 for generating 5 the probability of occurrence of

50/ mddeleach bin, i.e. the learning status 39 that
occurs in the probability generation unit 30 as it .
updat es Recoydingiyn sheropalendt ¢mend imeat nppgovides a
context nodel, is nmultiplexed into the sljce header
i nM&fchad dbdedNc AR REAMLWH BPECeEBPINEhRITHRE n

th t 1.SS] it ti it 35 P
coRdaRERPIG Et Roatert BE; Satinbn KhanGnlh, otaieiency
N LA OPRLOY ALEGH A5 1B ediS! Sfs Bl ! bt
occurs in the brnary ari metlr c codi ng process o

st i i i C t e51liead DEBY 51 i
R e N B e v L L

t hg naost@¥lp ddlehclecat Al pesf @b YS o3P HElitthie8.icl’coding is

20 Fig. 17 shows a case where there are a total of n

mabeod bskegardelt tbditafiwlikpgi exploited in a case where
the probability of loss of slice data due to
transmission errors is extremely low and the slice-

15 to-slice interdependence may be disregarded in a

case where the probability of loss of slice data is
high.

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

20 embodiment.

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

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

Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit 6 of Fig.

30 15.




context nodel ctx used only once is defined for each
macr obl ock and the probability in ctx varies

macr obl ock to macrobl ock. 25 The,context nodel status

39 is inherited from a transmissfon unit to the next

transm ssion unit. This means that the final status

ct xk(n-1) ,t.or; ; a 1 SS) Lt 4l ; b

cqual 1o Mo iiHEd I ACL Ly PAPRSSLIANAL duT APPRLR PFrom the
transBhaoh 2R £3Q HNFlg.l & able® PEPRILIdS LY nRD, £ PLs@f
occurrence of 38 of ? in ctxk+1(n-1)=0, 1, 2 is nade

to debeqlibheh® idetpaababhbi idoPlexit Glogequrd A€as0f39 that
0O, 1in ctxk(n-1). The transm ssion unit generation
uniec8firgranstiis dabxressi odt i sigephesBY afuxr GhefeXlating
(n-1) 5 in the header of the k+lth transm ssion unit.

Fi gtheg Ay ¢ babrgt by aolfi toecrgare gererafl efl/By feheeach bin,
arithnmetic coding unit 6 according to the second,
enbbdfrertie .%%@éé@orﬁot%ﬁﬂ@di%gnf—,hattheogpiudés hé&dérhe

f 1 h dvid [ ta h
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heva st 03 pBbiachety IELeGa 00, 4941 i
imﬂééblﬁﬂﬂ§t%ﬁﬁ%&g?g%%%rgﬁﬂbt@hkh%fiéétH@%der in the

enbodi nent shown 1 n n an alternative

th

10confegdeat i@an@ftﬁdtetieéprlﬁfoe:r&wi (ehlep tHEINCA Gt €he

reset flag may include an indication of whether the
cortmsxh smoides istnatwsits gemuériaplisxeduitod 5 iffor
addition to an indication of 20 whether the initia
refiR et npg uéngs anhepgleaxeforort et next | hganismeission

than the register, reset flag_my . )
unit, 1M 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

30

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



i ndi cate whether the context nodel status is

mul tiplexed or not. 25 Fig. 18 shows the slice header
data and the conpressed video s%bce dat a bei ng
multiplexed into the same bit stfeam Alternatively,
as is described in the first enbodi nent, the slice

heager jda x4 afried i ass r
forgoffl |%§ g'lgy}%ra sn?nis; gn afnd tzhg'p%oﬁ%rggs%% & aélalual to
may t hav e B8bats acied el epo d P bBLAIBELRR r&feb“ MY in
to the corresponding sl 1 cé header data. Fig. 19 Shows
an thixd(mad 1 pongtireictiram Hhikkd or Unfiet §endacodibg unit 35
unit 27 according to the second 5 enbodinment. A
di f teRarfgeibet wbehat Hendi catrietg ctecositagumio £2¢tx*(n-1)
accordlng to the second enbodi nent and the arithnetic
decbﬁlﬁ?%nhﬁﬁﬁe%céénﬁhg kd ktle tinansvissdiemnunit.

10 of the arithmetic second
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37 s¥Rbh &7, ﬁB%Qf o the the context nodel status
precedi ng s I ce exed probability generation
uni t In the second embodiment, the slice header for

10 the compressed video slice data has information
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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
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
whether the initial register value is multiplexed
or not.

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

Fig. 18 shows the slice header data and the
compressed video slice data being multiplexed into
the same bit stream. Alternatively, as is described
in the first embodiment, the slice header data may
be carried in a separate bit stream for offline

transmission and the compressed data may have



nodel status is inherited 15 fromthe imedi ately

preceding slice. Fig. 20 is a flowhart showi ng a

process performed by the arithnetic decoding unit 27

of Fig.. 19. A difference betwegr the flowchart of

Fig. 20 20 and that of Fig. 14 is that, in step ST10

for transm ssion unit decodi ng |n|t|aI|zat|on t he

cong@xta dRdel ﬁﬁék@%&glbaﬁﬂESQméﬁﬁmdrﬁe@éﬁﬁlng to the
header is output to the process of step ST3 f
genebaty eigpbimel Prgbatli 1 £y mta degurd #0ae of 0/1 for 25

each bin by referring to the context nodel determ ned

in step SFig.The9caitews mmeindteatmal3Tonsttpmictdon of the
step ST3 is used to generate the probability of
occaridiure st c0/derr dhrgprablbi Rilt ya cgened dnigortantthe second
30. 30 If, the nunber, of context nodels is extrenely 40
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Is inherited may be explicitly nmultiplexed into a bit

st rseaooad témbotdiane hdt ube iy dxes $aemtomﬁqxt model status

inherited for inportant context nodels
39 for the immediately preéceding slice multiplexed
into the header to the probability generation unit
30 so that the context model status is inherited
from the immediately preceding slice.

Fig. 20 is a flowchart showing a process
perfprmed by the.arithmetic decoding unit 27 of Fig.
19.

A difference between-thé flowchart of Fig. 20
and that of Fig. 14 is that, in step ST10 for
transm;ssion'unit decoding initialization, the
context model status 39 restored from the slice
header is output to the process of step\STB for
generating thelprobability of occurrence of 0/1 for
each bin by referring to the context model
determined in step ST1. The context modél status 39
output to step ST3 is used to generate the
probability of occurrence of 0/1 in the probability
generation unit 30.

If the number of context models is extremely

E

E



5

15 depending on the local condition that occurs in

vi deo. As has been described, according to the second

enbodi ment, for transm ssion of‘ﬁﬁnpressed video data

in transmssion units, the slice header data 20 has

the register flag, the initial register value 34 and
th%é@&b?“cﬁ?%@iﬁ#ab%?ﬁﬂéoﬂﬂﬁtéﬁtfﬁééémxbtatus in the
theretd, the ini'tial register flag designating

whes hee et hee 4 @girst £ t yaldiee eBdiagat bR Headr iddueeidc by slice
codi ng process is reset or not, and 25 the context
nmodstadeatsus Inf drnhsi oadadi catnngxthenodedtsexpravdel ing
status of the i mediately preceding slice. o
Accotginadlicant icopbrdiieies geo f e eodilfg wefhdwmiency
losing the continuity of the arithmetic codin .

pr g sberree teGitRd ef i G RALY ‘%‘SGSGSer?%%Qitﬁég,s\Rﬁitl"es 18
the resili.ence .to transm ssion 41 errors is inproved.
In“PHE€§€Gdﬁﬂegnbodinent, a slice structure is

assuned } SSI Qi Lt r ively,

present ﬁc{}gn%&g’n{}; sgéqgﬁz}#goglpp‘f\%%gbq}gét\'él%gSO}Eﬁogonal
CORfi GHERY AR LB ¥ £R i i dgatd apBpifedent a large
transm ssion unit. In the second enbodi nment,

I Ny eioen ihndinaténg ithe eeo@iexy medeimet ataisthht the
the immediately preceding slice is attached to a 10
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when bl ock C and bl ock B i mmedi ately precedi ng _ bl ock

C @amlyecdthel Ly feér enntexdesnoded ch@rnyhich the
efficiency is inproved through_ probabil,t dapt at i Qn
usiSP eBAt & Hﬁ&ﬁg}tﬁﬂeﬂ%quqnﬁxﬂ%}cigiﬁmﬂ%iFlplexed

nD%%tgtgt%ﬁgfsmfggmBgJ]gﬁg%w%ﬂgn%ég@us may be
selectively inherited for important context models
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
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
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

maintained, while the resilience to transmission



probability for block C. The coding efficiency with
which the transm ssion unit is coded is adaptively
controll ed such that the slice-to-slice

i nt erdependence is not disregarded but the context 20
nodel status for the imediately preceding slice is

fu'éé’r?fgl q_ééeegg{&gvg%s.e where the probability of

| oss of "sli a due to transm ssion errors is

extremel vt ophelNe68REXEmBRI mehat,USaf BN ild® structure is
i medi ately preceding slice is not used and the 25

sl iapstifed i£8 anterdapandesten sudisreguldediatavely, the
case where the probability of loss of slice data is

hi glredfehdr ringetnd: ibe hig sguadm ypyatpgd sthawilénto a

Fig. 18, the second enbodi nent has been descri bed 30
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nodel status for data in the i medi ately precedi ng
sl TR R EMASHERBd Yl Bach slice header in addition to
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in each slice header. Alternatively, the context

noeslerst whemn rkleick | @gafstebFogk 2B) immyetéatpprbyi gereceding
irrespective of whether the register reset_ flag and .
thblioftki 6 aegi Jocavgducimcdafdfiegens shicHgstthe coding

enbodi nrent are provided, so_that only 15 en .t.he
coﬁtféc‘tc?rﬁa‘é‘lysggt JmpEo¥ed | fhnaug f,Pr‘}Agég%%tY

COQEQStQEQ%nSE%Eﬁhi80%¥e£ S%ﬁdé?%, by exploiting the
context model status of block B in determining the
probability for block C. The coding efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-slice
interdependence is not disregarded but the context
model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the
slice-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

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

assuming that information indicating the context



informati on indicating the context nodel status for
data in the immedi ately preceding slice is attached
for use in decoding. 20 Third enhodi ment A di scl osure
wi Il now be given of the third nmbodi ment i n which
transm ssion units are constructed according to a

datlﬁ‘oﬁgrltiéti_é) 1120 {gf:”%tcf,zar’ &E{y"%&h &%@Qaqegfyaﬁﬁ'ecedlng

gr oupe accor I ng Ae exanpl e

@q%BLB%dﬂ%ﬂQWﬂébﬁéﬁeﬁJr@HbﬂNHfiEQ[Eéﬁhéﬂﬂﬁﬁra%dltlon
Revision 3, JVI-BI18r3 for a video coding schene

di scoisshd iredlistier desefeaflldly (AVE) tHel SQiIEGR MWEGgister
and | TUT VCEG The draft 43 discloses as nany data

it emslok acperdiimngt ype tase fherst apmbvadinkindcks in

a slice structure as showmn in Fig. 9, are grouped.
5TheAleeun@Ednt veada UBNE e gis&eshi Fe6@T nfgae‘; faréh ghe

slice, dat The slice 5 data (data unit) constructed
by Jd?JoEbiaﬁg TeIdStRe Vol Ut 4CORed18 Y LRckhes ThESE

?P?é‘@%?g' P Chaye ey ot Sy VBRBACER e b Pock
ﬂ@%f@ﬁ'%& £88$ﬁ§?2%g%aﬁggE@¥ﬂOHB&%I status for

TY notion v non-zero
OrﬁﬁﬁwnihtﬁﬁésﬁﬁﬂﬁgﬁﬁE@I§e?&é&%&ﬁh iy idlice is attached

macr obl ock) 15 4 TYPE 2x2DC ‘or t hogonal transform

10 codfif icheht slbiee (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-Bll8r3 for

a video coding scheme discussed in Joint Video Team

30 (JVT) of ISO/IEC MPEG and ITU-T VCEG. The draft
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5 TYPE_COEFF_Y orthogonal transform coefficient data

(2) 6 TYPE COEFF_C orthogonal transform coefficient 20

data (3) 7 TYPE ECS end of streamidentification

i nformati on For exanple, a sliceof data type 2 or

TYPE MVD is transmtted as slice data in which are 25

col [,0 tar, information. it . A
Cherasrefasr o JIRRY YA Yraga a8 p it ic ™ type as
Accen@iridl yreWhe F 88116 £E 3l CP ﬁﬁ%}%ygﬁrﬁ@@ﬁi¥V%s shown
is subject to decoding followng the kth slice of a
typenT¥Ig WD, ey ghewpetiextri@deles 30t shat Usatar unit is
notion vectors occurring at the end of 44 the kth

sl i tragismd tted mn t thleexPdrinntedf as hdaderdaafa t ffhe slice
k+lth slice carrying the TYPE_WD data, in order to

al |t ahd ddheextn plelcd et nuwt edabys gfonping is of one

arithnetic coding of notion vectors to be 5 inherited.

Fi gf?fg%asﬁ?om}éyaﬁs‘sx%nﬂ SWFhprs sthes® Heavmikelpy, for
the arithnmetic coding unit 6 according to the third
enbour e E?’Referring to Fig. 21, when notion vectors

are collected to construct slice 10 data of a data

type 2 or TYPE_ WD, the slice header has attached

they et 9pe Sitk t i
desi gnatPi ny TY%’E%N?D%CE%t gf?%tnng%él lﬁgtéé?ﬁger ehs%?der

fl ag PVYE PR PRADER had@H16¢ K Neca@@t exh fiRdRdtion
status for notion vectors occurring 15 in the

i ek dtelgy moéeedimfio smiadeiohen only orthogonal
transform coefficient data (2) of a data type 5 or
TYRE ®XPEEMVRrBotdd Re¥ett ®b construct slice data,

th% %&5% %%geEBP (non-zero ortho
_ gonal transform

coefficient pattern in macroblock)
4 TYPE_2x2DC orthogonal transform coefficient data
(1)
5 TYPE_COEFF_Y orthogonal transform coefficient
data (2)
6 TYPE_COEFF_C orthogonal transform coefficient
data (3)

7 TYPE_EOS end of stream identification information

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

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

status for motion vectors occurring at the end of



has attached thereto a slice start code, a data 20
type I D designating TYPE COEFF_Y, a context node
status reset flag and informati gy i ndicating the
context nodel status for orthogonal transform
coefficient data occurring in the i mediately

precrdi RG5! t8c5% Ab@l@1behowpl thp19i&8 HeAY8r a header
data and the conpressed data being nultiplexed into

t heo Satebik+ 18t aslicA ted PRYyiiMey YL hiehershECHVBadarta, in
data may be carried in a separate bit streamfor

of farder thanadilsst onhand¢héecanpredsdd daaa nayg hawatus
30 attached thereto ID information referring to the 45

corf @B pafkdi Hymetiice peddarg dafangeien YRCEOIN gtolbe

the arithnmetic coding unit 6 according to the third

5e HEATEL- i npl enented such that the transnission

unit 5 g erat5 n unit 35 reconstrfcts ctobl ock data
in a sITECEIT n2dcth QU i EriamRt BalF P Ei (3 AT

I ihed,.ab 4 | D.i;nf is .
SfERatAEh Ittt 30 Hihale oI BRIV 6 accoraing

| ealgNi PHeS A LB ACHMPSAANE A .t RdFErddldy ty¥Be F¥§.191, when
collected in slice data. Referring to Fig. 19, the
ar imdtnkbbdhc viaeodirRg ardi o 21 seeddli 8y orideriddtdslice
enbodinent is inplenented such that, for arithnetic

10 dedadiangp fa a cdatextt yipeel2 torb@ UBRJIMVD det benisieilcky header

al lowing 15 the transm ssion unit decodi ng
i nh@%| # EhaicdednitheBgtoo sosilfire hetasitt expdspded data

determ nation upit 28 of the data type |ID nultiplexed
ntY Aol Dl (s LABAToHD Sa Rk Rotidht oRt CRBHEE Xt BAR A

Z}?ﬁﬁﬁé@tﬁgsé?h%Téfda%H‘§§f%?ﬂ§¥18%‘%A %%J%&ng 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




20 transm ssion decoding initialization unit 37 to
notify the probability generation unit 30 of the
context nodel |earning status. Agshas been described,
according to the third enbodinent, a video signal is
subject to 25 conpression coding by being divided into

tr anspred pondins glaedhaac i aad:, predet erni ned
data types. The video signal belonging to the

transm sshefieuniingstoarFignetixal khecoded thmwéittikatcoding
coding is continued 30 across bounds of transm ssion
unieriby 6 mecotdigng46d nehead ol rdesmivodgmeme is

synpol _occurrence probabilité | earni ng status from
t hel BB BMS D t da fisH Bsitdi infih &l S5agedube 8 1t of Bilitg

to the data type.. Accordingly, .a high degree of erro .
55 LR PEBLo P CHir 40 AHECPNS CERFRG REFEOMLgCH data in
arithpetic codi | S.-Laproved .i nf ation Q. ;
V\hi%:hgggtcge a?g_ %%éuépléggglpcorgil&gl _ta%ﬁ%r é%agtjér kanfle%lﬁ_qhonlng
daty; { ¥Pe%e s VWi d hepbRid d EE@%HQ%”EE@SEBEiﬁP@gmation
slice 10 structures are organized according to a data
typies 8gnatl 1 AGSHES | @At £y p¥ deRdf R ESc ARt &k 80mMiel
organi zed according to a data type. In the exanple of
bi tl et rramgystat wccondivws pbad ivwgt hio dt Rebadbh t@nttype are
shown in Fig. 21, it is 15 assunmed that the header of
10 5| icsl Haca edria givkpe dtatype has attached thereto
a context npdel = status reset flag and information .
i ndi cat i REERET Idht Bt Fridlel 1$at bBeoaghtAngt igedecoding
i medi at ely recedin lice when the fl i,s off, .
Al B8t PUei3fCS64AR e ERthP ddT guPRTOR e he L8
b'ﬁﬁﬂf@ﬁgﬁ%@ﬁaéuch 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 determination 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,



according to the second enbodi nent shown in Fig. 18,

the header of slice data for a given data type nay

have attached thereto a context del status reset

flag and information indicating e context nodel 25
status of data in the inmediately preceding slice

whe fla ddj Ng t

el Do B f‘fh%éﬁ.tﬁ%qa o ey g S 88T Fnce

Al 1er BREIVE] ¥ ¢ yt 95@@ FRaRlu St 2t T € et é‘al@;gler
may be omtted so t e information iIndicating 30

t her eaRkaxis #Rdel $h 2tus écdgirdupeltharnd dvrdiaigl YA the
preceding slice is always attached for use in

deabalt ag type espantio vd iofg et rerhibh rdpgseer of esetror
flag and the initial register value are rovided. 5

5| n teeifliirencehdicughns hinad eabsdi tkat sodindo eﬁ:mauesncy of

gi ven _as an exanple of digital signals. The present
|nv%‘ﬁ%-F5‘H‘EI%l‘EqGéﬂJynﬁp|d-lﬁ chBPEQ%edi it af cofgnkguration in

for audio, t al nals or ctures

LD PEE N st 8 o o P AR e hoaCr S E G, 16 bt rmined
"14!%5ht. eSg are m xed. In the first and second

enbodr rent’s, "a“slice is given as an exanple of

digital sjpPpk dH&NERISY COmdimbhd NesElides that slice

enbodi nent, a transm ssion unit, constructed

1oacwﬂuagdﬁhgah&el%ﬁgh&iiwal ragcé@ﬁ:dqq{d; eebi Ry data type

15

20

25

30

in a slice according to a data type, is given as an
exapl 2. trAln enists Mehyunaint | negiedépi dname¢s may also be
constructed from a plurality of slices, i.e. a video

f r iEgapay ask QCQQﬁmSﬁgaﬁ@nEUMQtaTmyHﬁesem

invention also finds 20 an application in a storag

system /R thhg &xampde R uRtEeahst ¥ad of accordlng
tr@g”%ﬁ%'%hf?&téHHlement shown in Fig. 21, it is

assumed that the header of slice data for a given
data type has attached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Alternatively,
in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model
status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

the context model status of data in the immediately



constructed. | NDUSTRI AL APPLI CABI LI TY 25 As has been
described, a digital signal coding apparatus

according to the present inventigy is suitably used
for transm ssion of a conpressed " video signal in

whi ch a high degree of error resiliency is ensured
andp e £Pdhgg Lf {£61 60CYa {Rh 30 AbildWRERC i g d Sin
i mproved. 48°Clainms 1. A digital signal coding
appaeegioubi hg, iNAFébpledt Nged off OvhaltbdBN@lhd NtBgister
predeterm ned units tor conpression coding,
compebeitngf lag and hihtd cinadiirgl upietg f ot econya Esei R e
by arithnmetic coding, the digital signal partitioned

i ntRBrPNddedts, wherein said arithmetic coding unit

mul ti plexes information representing an arithmetic .
Scoding stERudhecElEBtnt e o gEhdird  eBbad bapats, video
uni %g s .been.coded, into data constit

S

SARbRe i ViR 48] G SRERELC THE dl4fisalk ghgpals . The
| Pgsahna di; | aji m.1,_wher.ej id,. .
COBPas RN BhUS ACEORTID LenaT Y TobiniigRB R S8 d1gital

di@i@ha@éﬂ@brpﬁ'&%??D%H%?E%ﬂr@iQWJPS Bbr sil1

determining a probability occurrénce of coding
syt surkaseddary dependansLadk fbe dicgital afidMliltimedia
coded on the signal included in one or a plurality of
10 adjddcgit atlr ansgnadioninniwisicB. thesdi gital mdixgrdl
codi ng apparatus according to claim?2, wherein said
ari t hnet ild coienf wnet lagud ngecin@r epdd diiment$, a slice
occurrence by counting a frequency, of occurrence of
codithgd $¥dbidS 2D #BaBPdi¢ af fsidial t@ddi fgIRddhar at us
ac di to .claiml erein t | nf.ormatiqn
PR 150 Thredit e b SR PAOMRRS - o 2
reﬂfﬁﬁém&%ﬁ%oﬁl%ﬁi@d!8@H$grwgﬁﬁgra%5§93?ﬁa to data
val Ue designating an afi thimet i c codi hg process
15 rep@lr i tAen 8§ for collecting data in a slice
according to a data type, is given as an example.
Alternatively, an image (picture) constructed from
a plurality of slices, i.e. a video frame, may be a
transmission unit. The present invention also finds
20 an application in a storage system. In this case, a
storage unit, instead of a transmission unit may be

constructed.

INDUSTRIAL APPLICABILITY

25 As has been described, a digital signal coding
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.



an initial register value included in the information
only when the register value is not reset. 5. A
digital signal coding apparatus for partitioning a
digital signal into predetermned units for
conpressi on coding, conprisif8: an arithnetic coding
unit for conpressing, by arithnetic coding, the
Clagngi tal signal partitioned into the units, wherein
said arithnetic coding unit determ nes a probability
of occurrence of coding synbols, based on dependence
of t.he digital <signaigtesdbd eighhe Sigtbing Ncipsiechtivs for

partﬁﬂﬁd?ﬁrqj plaur @.J.b‘il‘.a@f §9¢ﬁ'§f Nty ndd agﬁlbgcfesde%ﬂh@dt S units for

occurrenc counti ng

com‘?reesc?d'é’ﬁ’cg 5&“8&6??‘8%@%9 codi ng synbol s and
mA 2Pt ti¢ gspdinaturdt fep coppresaing, fyosubihmetic coding,

the |dHiarinialg sigaklS pa®CLUithdd iNEENtive Qinieds ! hiles@igSi on

Un'stali&as DepOnfoded. EBBQngat %Ig'q%s t %i'ﬁ:la[?ﬂe:f@e SlnfoFmatJ.on

uent tran ssi,on un
reprEsaiIng Sof% AC0EPRCESPAPREIDE SERERRY SOCGHEFER®, YR = given

transTigsien Wil ¢ bpsdwman cagedhd mircotiaba ldong titesingrysubsequent

tramimisgs onS uhAkor mati on representing a context nodel
status, a cont ext nodel bei ng a nodel that defines

de endence of t proba'tﬁllj of occurrence of data

ol's on info H gita SOALRG, FRPRTR %aeﬁerdmg to
Clalm dhabherejn said Fhethiefiicalceligmmiundddang thppsiaaldy codes
the atigdrtdilngilghalClmiraikionker dintd ol i, BPnddtdsmining a

r Ay r Ity
P °b§§%§?. fute P ekleg, o &F@fg ﬂﬁ%%g i 1i3ed of Hibenagnce of
algeoqerd of 8\1 eﬁl%adn petideig mpparek gsplurality
of aédé@ﬁﬂtngrﬁbsm‘eﬂsaiw MrMrerein the digital signal is a
vi deo signal and the transmssion unit is constructed

byscol | ecting ng sl. Slgo n a&é&( L c@rdlng to
y f the co r:;%} g nal . co
°1a“£p€a aity &EBF& ‘aca. ng, 'é+E.Jn°—Et &hgi prgbability
of ocngnq%b:ﬂ cgqU@@gng.agﬁgEqraan{cqu@ occurrence of coding symbols.

4, The digital signal coding apparatus according to
claim 1, wherein the information representing the arithmetic coding
status includes a register reset flag indicating whether a register
value designating an arithmetic coding process is reset or not and
an initial register value included in the information only when the
register value is not reset.

5. A digital signal coding apparatus for
partitioning a digital signal into predetermined units for
compression coding, comprising:

an arithmetic coding unit for compressing, by arithmetic coding,
the digital signal partitioned into the units, wherein

said arithmetic coding unit determines a probability of
occurrence of coding symbols, based on dependence of the digital
signal coded on the signal included in one or a plurality of adjacent
transmission units, learns the probability of occurrence by counting
a frequency of occurrence of coding symbols and multiplexes
information representing a probability learning status, occurring
whéen a given transmission unit has been coded, into data constituting
a subsequent transmission unit.



transm ssion unit is a video frame. 10. A digital

si gnal decodi ng apparatus for receiving and decoding

a conpression-coded digital signal received in

predeterm ned units, the received digital signal being

arithnetically coded for eac#9of the predeterm ned

units with updating a probability-of-occurrence table

assigned for each of coding synbols, said apparatus

conprising: an arithnetic decoding unit for

ari®hnetical |y JeecHigigad eovgprbsymtinglapbaghtesgretording to
claih Bhe yieatdirer the ed nfdirina tiBAr eidbrAdiRndinghMeké C probability
LeadlPGRALRALUTI {< M ALIIBR PoFEO fXhg B O0RESERMOL status,

de%odkn 0 t?géige etermn unit 1< started, base
2 CBRUSACI MGed iR nfomiAdalontRAL t ARThPeBcCERASIce of the
prokalitlidly ehocqimisalse of\dadfa eynbol emweitfbieatbobethat causes
variatiidrpliexatieapravhpaletyof data of the predetermni ned

unit. ' '

7. . The digital signal coding apparatus according to

c¢laim 1, wherein the digital signal is a video signal and the
transmission unit is a slice constituted by one or a plurality of

macroblocks in a video frame.

8. The digital signal coding apparatus according to
claim 1, wherein the digital signal is a video signal and the
transmission unit is constructed by collecting coding data in a slice
according to a type of the coding data. |

9, ) The digital signal coding apparatus according to
claim 1, wherein the digital signal is a video signal and the
transmission unit is a video frame.

10. A digital signal decoding apparatus for receiving and
decoding a compression-coded digital signal received in
predetermined wunits, the received digital signal  being
arithmetically coded for each of the predetermined units with updating
a probability-of-occurrence table assigned for each of coding symbols,
said apparatus comprising:
an arithmetic decoding unit for arithmetically decoding a compressed
digital signal of the predetermined unit,

wherein the arithmetic decoding unit initializes a decoding
process when decoding of the predetermined unit is started, based
on an initialized information of the predetermined unit of the
probability-of-occurrence table to be multiplexed at a header of data
of the predetermined unit.



