1 SPECI FI CATI ON DI G TAL SI GNAL CODI NG APPARATUS, DI A TAL SI GNAL DECODI NG
APPARATUS, DI G TAL SIGNAL ARI THVETI C 5 CODI NG METHOD AND DI A TAL SI GNAL

ARl THVETI C DECODI NG METHOD TECHNI CAL FI ELD The present invention relates to
a digital 10 .signal coding apparatus, a djgital signal decodi ng apparat us,
a digital signal arithmetic coding nethod and a digital signal a ithnetic
decodi ng net hod used for vi-deo conpressi on codi ng and conpressed vi deo data
transm ssi on. 15 BACKGROUND ART SPECIIFICABEMAL i onal standards for video

codi ng such as MPEG and | TU-T H. 26x, Huffman codi ng has been used for
entropy coding. Huffman coding 20 provides an optinun1coding per formance

when 1 ndi vi dual, j FEQETalY GnsY EhA) S8 8Pk er 80! Soe0E £l 2% oy dual

codewor ds. Optinumi pérfornance T's no owever eh asigna

such as a vi dem:@ogmwc e Rrhdupcabizedadd yachall qmwawmm he
probability of appearance of information synbols varies. Arithnetic codlng

i s propose@® asCeDENGhOETRIAD AdptisT@yRam ¢l EYALO ARETPMBEA] | ity of

appear ance
DECODING METHOD

TECHNICAL FIELD
The present invention relates to a digital
10 .signal -.coding apparatus, a digital signal decoding
apparatus, a digital signal arithmetic coding
method and & digital signal é:ithmetic decoding
method used for video compression coding and
conmpressed video data transmission;
15

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

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

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

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

30. representing a piurality of symbols as a single



of individual information synbols and is capable of 30 representing a
plurality of synmbols as a single codeword. The concept behind
arithnmetic coding will be outlined by referring to Mark Nel son, "Arithnetic
Coding + Statistical Mdeling = Data Conpr&ssion 5 Part 1 - Arithnetic

Codi ng", Dr. Dobb's Journal, February 1991. It is assuned that an
information sodL§8.QENErates information synbols conprising al phabets and a
nmessage "BILL GATES" is arithnetically coded. 10The probability of

appear ance of indi virdial c6hafedst 85 &ninddel Neknas ieha¥rif Fivﬂ]-l][l'bt?.s
indicated in a colum "RANGE" of Fig. 1, portions of a progabl ity Tine
defined by a seyhdaned, bi) refenmiggeky estidbl ishednf,or' Aespasid i

characters. 15$u$se uentlg, the characters are subject to a coding process.
First, the | ett®f 28" Y Stafddtimnk Nedgdrdg =t Ra tRoGAMP CpE6ritar yi ng a

range (0.2,5 0.8),Pnythe i Lt i fqr that chargcter. Therefore, the
letter "B corre’épor%ds tigltggﬂg‘este élo¢ba|§8ﬁ \/alﬂ&g‘ aﬁa%g LSOV\#QHFE}@JI'M t he
range [0.2, 0.Bdbruary 19®1¢ode "is sybsaeenthyc bhe PA9EmEL1%m 0- 3)
identified in the process of coding "B" is regarded as a new segnment [0, 1)
so that a sub-3@gyreat geo oy apbs0.16)fosmaddon fdwabbher eiomp Fhe iprocess of
arithnetic codi is a process of successively bounding rages on the

probabil ity |ihePPEBEES iRt Re WG TLR48 ' BAIFhSRREFSctdrs, the result of

arithnmetic codj 4Bl TES 18 30 represented as a Low val ue
"0 bor16g7egH ek Bhetddy FTEBadd. _

10 The probability of appearance of individual
characters is defined as shown in Fig. 1. As
indicated in a column “RANGE" of Fig. 1, portions
of a probability line defined by a segment [0, 1)
are uniquely established for respective characters.

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

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

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

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

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

30 represented as a Low value “0.2572167752" of a



segnent after the coding of the letter "S" is conpleted. A decodi ng
process is an inverse of the coding process. 5First, the coding result
"0.2572167752" is exam ned to determne a range on the probability line in
which the result |ies and determne a charagter assigned to the range. In
this case, we restore "B". 10Thereafter, Low value for "B" is
subtracted fromthe result and the resultant value is divided by the

magni tude of theegmeae ofriBr, JHOWEERSg %57%%@771%teIh'~%en ghl es us to
restore "1" corresponding to the segnent . The 15 process is
repeated until cdBiple®SEES" is restored by decodlng By perform ng an
arithnmetic coding as _described above, a nessage of extrene |length could be
mapped onto a mluﬂeﬂc&ﬁﬁﬂﬁGHQrP%&ﬂﬁéﬁ 205 i apl dimeneageowt i thies coding

i mpossible to %perate with infinite decinmal precision. Mreover,

mul tiplication and” o Vi'si on are necessary for coding and decodlng so t hat

T oo ane) ERLE MRS LTIS RGO AT, S AT Y 20
regi sters of awrxantiaged ttypedeifbﬁi'lnm/hé/aéu@adxﬁg@pﬁhoﬁl{@t§Q0%@1P9‘e§r of 2
so that multiplication and division are replaced by shift operations.
line in which the result lies and determine a
character assigned to the range. In this case, we
restore “B". 7 |
10 Thereafter, thevLow;value»fort“B“ is
subtracted from the result and the resultant value
is divided by the magnitude of the range of "B,
producing “0.572167752". This enables us to restore
"I corresponding to the segment [0.5, 0.6).fThe
15 process is repeated until "BILL GATES" is restored
by decoding.

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

20 implementation, it is impossible to operate with
infinite decimal precision. Moreover,
multlpllcatlcn and lelSlon arxe necessary for
coding and decoding so that heavy computational
load is imposed. These problems are addressed by

25 floating~point decimal computation using, for

codeword representation, registers of an integer

type. The - Low value is

approximated by a power of 2 so that multiplication
and division are replaced by shift operations.

30 Ideally, arithmetic coding according to the above-



30 Ideally, arithnetic coding according to the above- described process
enabl es entropy codi ng adapted to the probability of occurrence of

i nformation synbols. Mre specifically, when the probability of occurrence
varies dynam cally, the coding 5 efficiency higher than that of Huffman
coding is available by tracing the variation and updating the table of Fig.
| appropriately. Since the digital signal arithmetic coding nethod and
digital arithmetegcrébedi myroeehod ehab ey , eateond ngetdntghead #bakad a8 t

are configuredtgﬁgdescri ed above, each video franme, is divided into
segnents for trafsmPE8PGRH N thi P ORAVEYPRGE OdsyhRRPERRE RN (for

exanpl e, MPEG 2 sy st r ' r 0 [yi.ni m degradation 15
occurring in aniﬁ%f%gy-gﬁﬁ% %%8§§€§€§§&§augﬂé?t%ﬁ%sﬁgﬁﬁ%)lgiFgraf
Huf f man Codingdﬁﬁﬁtf@db@(kﬁﬁiéﬁdh@héa&ﬁﬁﬂ§yhmﬂhgoggw@§? of an integer
bit length so that transm ssion unit is imedi ately defined as a group 20

of codeword8. laff&k¢ianeyi ¢ iwiéngthsonehieat afSpbct fhacodedimgesplicitly
In addition, for resunption of

suspendi ng a codi ng process i s required.
codi ng, the pr5&§£§é#fﬁegﬁﬂ§ﬁf?Hégpﬁ&ﬁﬁﬁ¢FP?ﬁ%°%céﬂﬂrémﬁ?%ineaﬁhﬁﬂ

synbol s shoul d ke rese s 25 t its for establishing a code. As
aresult, the coding %f??@ﬁeﬁ%yah§§ iﬁ?#%?g% i'or to and subsequent to the

suspensi on. Another iableeriR® H¢gaddessegnhs taf}.aithﬁi/@%&carb@&%hamﬂi c
codi ng process is not reset while coding a video franme and 30 the“frane has

to be divided mstdoshedndudiiteisatharithmetic decoding method
+uu »10a: ageording to the related art are confiigured as
described above, each video frame is divided into
segments for transmission in units that allows
resynchronization (for example, MPEG-2 slice
stxucture) in order to minimize degradation
15 occurring in an entropy-coded video signal due to
transmission errors.

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

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

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

30 the frame has to be divided into small units such



5 as packet data for transm ssion, decoding of a packet cannot take place
w thout the imredi ately precedi ng packet data so that significant adverse
effects on video quality result when a transmission 5 error or a packet
| oss due to a delay occurs. The present invention addresses these

probl ens and has an objective of providing a digital signal coding
apparatus and a digital signal coding nethod capable of ensuring a high

degree of errorasOpresidt eNsy aambd Mpr aukRd.s& Lodlj ngeeldd Digney of
arithnmetic coding. The present invention has a further objective of
provi di ng a di ghéakesi grindécddikg mpparawid lemgt atdiegiiwmedigalecodi ng
nmet hod capabl e of 15 proper decodi in a situation where the coding

appar atus cont i Rﬁgge{i‘(}d’i‘ﬁgp%ﬁ §ds ‘&)g%ﬁoo%htar%ar%h?gvé\&&?%h advgrese
inheriting, instead.efsr - 1500, it | € CQding .St r | ier
transm ssi on uni tg grgst r?gr?g{r/%gc@)% p(#"{c])%égl{:h tlg%%tz%f? e‘gﬁlﬁ?lngass%%ag%%[ﬁ%&URE

OF THE | NVENTI drror or ld) pseqiedances i Hhead tb o4t aklgiygnedcGedi.ng
apparatus and a digital signal coding nethod 25 according to the present
invention, a digital Thei gnaesparttiiivasdliom addlessies cohppespetblbyems

ari heti o cod 1, hRLOLIRLD LR eseny g S0 LLLITEL £ coding staLys,
into data constid@i}g9a.3 3 P5e0YeNHnd a digital signal coding method
capable of ensuring a high degree of error
10-. .resiliency and improving a coding efficiency of -
arithmetic coding.

The present invention has a further objective
of providing a digital signal decoding apparaﬁus
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



6 transm ssion unit. Alternatively, a probability of occurrence of coding
synbol s may be determ ned, based on dependence of the digital signal coded
on the signal included in one or a plurality of 5 adjacent transm ssion
units, the probability of occurrence nmay begl earned by counting a frequency
of occurrence of coding synbols and information representing a probability
| ear ni ng status, occurring when a given transm ssion unit has been 10

coded, may be nuktinphededfbnt andaf a ReRshidatingla,subgecwpab 1 anenhgsi on
unit. Wth this, it is possible to continue coding across bounds of
transm ssi on unPESUBY enther P wpdingt saarksfl § gseyt beg,deheradmedy

arithnetic codi 15 status or the synhol probabi|ity |earning status.

Thus, a high deg‘gaggofo"er(r?)?einéiﬁq?%ngg acﬁlgﬁ*i?gvédl%%ab'ng’%?‘i’cPBncy
of arithmetic copend et tinbd eee" dancmendh & ghallalsebona decoding
20 apparatus and a didital signal decodi ng netho according to the present
invention, & dezddangny OCELSasE)Ss HEo hNutidld zethwher decrillng wfo a

transm ssion unit is started, based on information multiplexed into data
constituting tRCENEREMSS BAY2Daint eazned dif esennitddg @na afieymencycodi ng

status. Alternatjvel a probabiJity of synbal occurrence_used in decodi ng
t he transnismtﬁiuﬂthﬁﬁé% eiﬁdi%%?%@& ﬁmﬁﬁﬁgﬁoapﬂg%ﬁfgrpﬁﬁﬁﬁﬁssion
unit is starte e 4 nf Qr i st pl Is 0 constituting
t he transnissig%e€ﬁ§$ggﬁgL¢%p§e eﬁ?@%ﬁgﬂé'35ﬁgﬁfggégﬁffgﬁ%gugfobabiIity

| earni ng st at usscdhercarprepefdadigivah ixgnadniestovethn et hediméspgmay be
decoded, by determ ning a probability of occurrence of restored synbols,
based on défendi@deds @@yt Heedingilttalp Segest idetoddd ten adestiignettingchuded -
in one or a plu of .adjacent trapsm ssion units, and by |earning the

ralit
probability by ség?ﬁﬁ%ﬁ&_“é:f BRREMY B OPhE st ored synbols. Wth this,
proper decoding is pﬂi%ﬁﬂf%ig,ait is possible to continue coding

across bounds of transmission units by inheriting,
instead of resetting, the earlier arithmetic coding
15 status or the symbol probability learning status.
Thus, a high degree of error resilience and an
improved coding efficiency of arithmetic coding
result.
In accordance with a digital signal decoding
20 apparatus and a digital signal decoding method
according to the present invention, a 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



situation where the codi ng apparatus. conti nues codi ng across bounds of
transm ssion units, by inheriting, instead of resetting, the arithnetic
coding status for earlier transm ssion units or the probability |earning
status. 15 BRI EF DESCRI PTI ON OF THE DRAW NG$ Fig. 1 shows the
probability of occurrence of individual characters when a phrase "BILL
GATES" is arithnetically coded. 20Fig. 2 shows an arithnetic coding result
when the phrasea” Biylnb QATESE uirsy e ¢ & hipeta leah L ¥ icgdddka Fingng3 sshaws sg
construction of a video coding apparatus (digital sigpal coding apparatus)
according to a FPFSFQ%&%@? gtﬁé%w%ﬁﬁﬁﬁlzquﬁkﬁﬁﬁoﬁnF#Be ansitons a

construction of Qfo decqdi.ng 2pp t us §d| |taI aé ﬁﬁde'n
appar at us) accor Fné’ d?%ggFPrst gnggg %% ?%t@%na
construction of oaBu3q-&déhpet e £091R4 Iﬁb@lgf 'ﬂzﬂseé on8 de endeFrfcﬂe 6
Is a flowhart show ng processes performed by the arithmetic co%lng un
of Fig. 5. 5 o0f the digital signal decoded on the signal
included in one or a plurality of adjacent
transmission units, and by learning the probability
by counting a frequency of the restored symbols.
With this, proper decoding is possible in a
e 0 situation where the codimg -apparatusw—continues
coding across bounds of transmission units, by
inheriting, instead of resetting, the arithmetic
coding status for earlier transmission units or the

probability learning status.

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

the phrase "BILL GATES" is arithmetically coded.

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

25 invention.

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

Fig. 5 shows an internal construction of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 7 illustrates a concept of a context nodel. 5Fig. 8 illustrates an
exanpl e of context nodel for a notion vector. Fig. 9 shows a slice
structure. Fig. 10 shows an exanple of bit stream generated by the
arithnetic coding unit 6. 10,Fig. 11 shows gnother exanple-of bit stream
generated by the arithnetic coding unit 6. Fig. 12 shows anot her
exanpl e of bit stream generated by the arithnetic coding unit 6.

Fig. 13 shows an intéeFnal. donssractfilewoiaat Bhewihhnmptbiocaesed ng unit 27
of Fig. 4. Fig. 14 is a flowhart of processes performed by the arithnetic
decodi ng unit 2PSHEErged1dy Aike &3 idiumRtas idndindl uedidst ¢ ueti dhiet Bhe

?LL;E??ELC E?ding uniEig.agpqﬁgigggﬁgwﬁ%second %9 e o%inent 8% tQﬁ pr esent
. Fig. 16 is a’fldwc iy Pr 6ESEER p&Ff & e B¢ tthe
arithmetic codi p@aenf 6 of Fig. 15.
5 Fig. 8 illustrates an example of context model
for a motion vector.
Fig. 9 shows a slice structure.
Fig. 10 shows an example of bit streanm
generated by the arithmetic coding unit 6.
co o wki0os v o Fig. 11 shows another-example of bit 'strean
generated by the arithmetic coding unit 6.
Fig. 12 shows another example of bit stream
generated by the arithmetic coding unit 6.
Fig. 13 shows an internal construction of an
15 arithmetic decoding unit 27 of Fig. 4.
Fig. 14 is a flowchart of processes performed
by the arithmetic decoding unit 27 of Fig. 13.
Fig. 15 shows an internal construction of the
arithmetic coding unit 6 according to a second
20 embodiment of the present invention.
Fig. 16 is a flowchart showing processes
performed by the arithmetic coding unit 6 of Figqg.
15.
Fig. 17 illustrates a context model learning
25 status.
Fig. 18 shows an example of bit stream
generated by the arithmetic coding unit 6 according
to the second embodiment.

Fig. 19 shows an internal construction of the

30 arithmetic decoding unit 27 according to the second



Fig. 17 illustrates a context nodel |earning 25status. Fig. 18 shows
an exanple of bit streamgenerated by the arithnetic coding unit 6
according to the second enbodi nent. Fig. 19 shows an internal
construction of the 30 arithmetic decoding gnit 27 according to the second
9 enbodi nent . Fig. 20 is a flowhart show ng processes perfornmed by

the arithnmetic decoding unit 27 of Fig. 19. 5Fig. 21 shows an exanpl e of

bi t strean1geneﬁﬁﬁ§ﬁibweﬂﬁe arithnetic codlng unit 6 according to a third
BEST MODE FOR CARRYI NG OQUT THE

enbodi ment of the pregent venti on.
| NVENTI ON 10Her ei naftgf" ‘d@?"a 1% Bt FRIGRIBRt S W PP B§°é’>&ﬁ%Pﬁed by

describing the Bastrdmeql 8 Ga[d Yhpg ¢ VEY c

the attached drgmnngs Flrs q%%od%ngnt ‘%ED§|P31 en%ﬂgl 39: ?9 gppfégént

i nvention is pré%ented using an exanple, disclosed in D. Marpe et al.

"Vi deo Conpression Usi ng Context-Based Adaptive Arithnetic Coding",

| nt ernati on Flg 21 shows an example of bit stream
generated by the arithmetic coding unit 6 according

to a third embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
- 10 + - Hereinafter, details of the invention will be
explained by describing the best mode for carrying

out the invention with reference to the attached

drawings.
First embodiment

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



Conference on I mage Processing 2001, in which 20 arithnetic coding is
applied to a video coding schene where a square area of 16 x 16 pixels
(hereinafter, referred to as a nmacrobl ock) produced by uniformy dividing a
video frame is a coding unit. 25Fig. 3 showgya construction of a video
codi ng apparatus (digital signal coding apparatus) according to the first
enbodi nent of the present invention. Referring to Fig. 3, a notion
estimation rafieteReextingcds 2 BRldodg vest ar fir{ive maaib0f the 3D
macrobl ocks of an input video signal 1, using a 10 reference inmage 4
stored in a fraf®tiepdr ¢oBdPe s Hbipon wokitpehsaoinet g t 7 acdnempoctsl a

tenporal predicted |ymge . 8 .based on the tion vector, 5 extracted by the
notion estimati gﬁelfjrﬁcfg?.d A"Sa%%bgrgétg 547 gEPE MHeECH JiGFEPEnSe bet ween

the [nput vi deocsivanaldaang Uee PRETLCHPCL IIRE B ANGuRYLPY S jhe

di fference as an tenpora Iction error sign A"spati‘al Pprediction
unit 10a ref®rssubihecdOri BpUtdyt deaisicNah &4 iTT e @cJBREIWEEnatIRAt i al
prediction error signal 11 by making a prediction fromspatially

nei ghbori ng ar ed8put aviiieen svdaieadl f Lagmd A Bedprgdibdbedetiaragaabi amdini t
12 selects a node, capabl e of co ing a target macrobl ock_nost 15 efficiently
and out put s codPﬁﬁpwgﬁﬁ'FH?oﬂﬁﬁﬁ% eRge it FBdé TRV EPREdhetéed@e node
determ nation ugggokzégggﬂglogﬁ of a notion conpensation node for coding
the tenporal prediction &rror signal 9, a skip node for a case where the

notion vector 5is A spatial prediction unit 10a refers to the
10 input video signdl-1 so as to generate a spatial
prediction error signal 11 by making a prediction
from spatially neighboring arxeas in a given video
frame. A coding mode determination unit 12 selects
a mode capable of coding a target macroblock most
15 efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction exrror signal 9, a
skip mode for a case where the motion vector 5 is
20 zerxo and the temporal prediction error signal 9 has
a4 null component, and an intra mode for coding the
spatial prediction error signal 11.
An orthogonal transform unit 15 subjects the
signal selected for coding by the coding mode
25 determination unit 12 to orthogonal transform so as
to output orthogonal transform coefficient data. A
guantization unit 16 quantizes the orthogonal
transform coefficient data with a granularity
indicated by a guantization step parameter 23

30 determined by a coding controller 22,



20 zero and the tenporal prediction error signal 9 has a nul
and an intra node for coding the spatial prediction error signal
An orthogonal transformunit 15 subjects the signal selected for coding by
the codi ng node 25 determination unit 12 to;qrthogonal transformso as to
out put orthogonal transform coefficient data. A quantization unit 16
quanti zes the orthogonal transform coefficient data with a granularity

i ndi cated by a quanti 2atiionvetrep paramef.ert23BOudéterld nedl hyca £odi ng

controller 22. 1

conponent,

11.

An inverse quantization unit 18 subjects

1
orthogonal transtothPe88eH cf EAPSFALR 190 8dddetieR bnrekea guainehxatitn unit

16 with the gra i i y. the quantizati e a

5 inverse orthogg%a %%gn 6%%#§%ﬁ?lf§1sﬁgﬁicﬂggt%éggrﬁﬁﬁgdﬁﬁ

coefficient datamsubgecead gy +AKCSRAMARLIAR]] 00 BY ?ﬂﬁéﬁy?ﬁ
ut pu

quantization unit 18. A switching unit 52 selects for

e

raneter 23. An

frpdaEi by m
§iﬂ%®d?&

predi cted i mige igrrpat okrtdre ¢he afott oan & focenpensat 10N sbjed e he
spatial predicted ingggp%g output fromthe spatial prediction unit 10a, in

accordance with

switching unit tot
so as to generauaix |pgal adecedesdninioa 2itaBd sfofestkhe
image 21 in the frame nenory 3a as the reference 1 nmage 4.

FocRn F APEMet ¢ A £ iqa bubatomuhiecsdichgt aode

a ance . adds th , i gnal he 15
i tehing unit 85 Redsdt SF 4R Wl ofhBne o EpBe AT bUBAL M ¢ 10

%

cght

An a

Pl 0fe

coding unit 6 stfesisakopiregiicted image 8 output from the motion

10" compensation unit 7 or a spatial predicted image 20

output from the spatial prediction unit 10a, in

accordance with the coding mode information 13

output from the coding mode determination unit 12.

An adder 53 adds the output signal from the

15 switching unit 52 to the output signal from the

inverse orthogonal unit 19 so as to generate a

local decoded image 21 and stores the locally

decoded image 21 in the frame memory 3a as the

reference image 4.

20 ~ - An arithmetic coding unit 6 subjects coding

data including the motion vector 5, the coding mode

information 13, an spatial prediction mode 14, the

orthogonal transform coefficient data 17 to entropy

coding, so0 as to output a coding result via a

25 transmission buffer 24 as compressed video data 26.

The coding controller 22 controls components

including the coding mode determination unit 12,

the quantization unit 16 and the inverse

quantization unit 18.

30 Fig. 4 shows a configuration showing a video



data including the notion vector 5, the coding node information 13, an
spatial prediction node 14, the orthogonal transform coefficient data 17 to
entropy coding, so as to output a coding result via a 25 transm ssion
buffer 24 as conpressed video data 26. The coding controller 22 controls
conponents including the coding node deterid nation unit 12, the

quanti zation unit 16 and the inverse quantization unit 18. 30Fig. 4 shows a

configuration showing a video 12 decodinqﬁgﬁgaratus (digital signa

decodi ng appar atg@€P4 r8PREFEE thel Ot §digfent 8FCOKELBEesent
( ng appatart ; APt . . ! f
| nvention. Re e%ﬁggga%flt gacéor%':.x?%' Lhmeti & ¢qdl @Gd‘?‘ﬁét"t“ﬁé%ﬁ% g’rr'lfrr\g;ééteor

entropy decodin SO as to restore paraneters inc

5, the coding npeesenforimébARibh . tRereRMiy Red £4ioq ,mge 14, the
ort hogonal coefficient data 17 and the quantization step paranmeter 23. The

inverse quanti zatibhmeniic 18odAnsubjetts 2tthep erttvogonatneaelfy cierlo dahy 17
and the quantization step paraneter 23 restored by the arithnmetic decoding

unit 27 to PnvetReRHuiSt TS LOKE el AROEETES ol PRIgohbn gt tdwsfoetieon t 19
subj ects the orghogonal. transform.coefficient data 17.and.15 the
JePE8 P Fh3 5 SPRIGTT Rl o BRERAYLER 4 FvElse

guanti zation step p e

orthogonal trangfi i1 predidedIPlioBCIPENEAL! Qthiblopdestores the

tenporal predicted I mage 8 using the notion vector restored by the
arithmetic decaedieff boillerdy.dét30 Ispaindl tprediabinan et o0k feptores the
spatial predicted imge 20 fromthe spatial prediction node 14 restored by
the arithneticpPddcgehgru@id. 2%he inverse quantization unit 18

; 10 subjects the orthogonal coefficient data 17 and the
gquantization step parameter 23 restored by the
arithmetic decoding unit 27 to inverse quantigzation,
The inverse orthogonal transform unit 19 subjects
the orthogonal transform coefficient.data 17 and

15 +the quantization step parameter.23 thus inverse--
quantizea to inverse orthogonal transform.
The motion compensation unit 7 restores the
temporal predictea image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a

J 20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
lé'rest§red by the arithmetic decoding unit 27,

A switching unit.54 selects for output the
temporal predicted image 8 or the spatial predicted
25 image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
signal éutput from the inverse orthogonal transform
unit 19 to the output signal from the switching

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



A switching unit 54 selects for output the tenporal predicted i nage 8 or
the spatial predicted 25 inage 20 in accordance with the codi ng node
information 13 restored by the arithnmetic decoding unit 27. An adder 55
adds the prediction error signal output fromthe inverse orthogonal
transformunit 19 to the output signal frorh®he switching 30 unit 54 so as
to output a decoded imge 21. The 13 decoded inage 21 is stored in a frane
menory 3b so as se ney at redi cted afr
subsequent to tﬂ%gaggggéﬁgﬁégg%%21%§A§5§§g¥fg%$o§ ﬁ#ﬁﬁgﬁo&giéurlvgﬁegp t he
5 operation accegditag Heo #Bedf ithstgenbediten . predictddsimaldle pperation

of the video coding apparatus and the video decodi ng apparatus wll be
out | i ned. frame (b Oaghiems: ofot héeopEatded dmadwe Rildeo 10 coding
appar at us The input image signal 1 is input jn units of macrobl ocks

derived from divi si of dteFRENARRD  Yiddo ¥9EnBE. IreSoPlodRti mati on
unit 2 of the vieRat3Ud'daB0RYALYT 28! TR 0P IR "RhLOR 1 %ATHO!

First, the operation of the video coding
apparatus and the video decoding apparatus will be
cutlined.

(1) Outline of the operation of the video

10 coding apparatus -

The input image signal 1 is input in units of
macroblocks derived from division of individual
video frames. The motion estimation unit 2 of the
video coding apparatus estimates the motion vector

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

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

20 the motion vector 5.

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

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

The spatial prediction unit 10a refers to the

input video signal 1 so as to generate the spatial

30 prediction error signal 11 by making a prediction



15 5 for each macrobl ock using the reference inage 4 stored in the frame
menory 3a. The npotion conpensation unit 7 constructs the tenporal predicted
i mge 8 based on the notion vector 5 when the notion detection unit 2
extracts 20 the notion vector 5. The subtractor 51 receives the
tenporal predicted inmage 8 fromthe nDtionléonpensation unit 7 and

determ nes a difference between the input inmage signal 1 and the tenporal

predicted imagerBon23 pHies $¥BLT 3Gl QfnRd il RHtS A e giLf the
tenporal prediction eﬁ%nls?g?alsfﬁto fhe%go I ng nné% dé?erﬁ?%gfggﬁounit'
12. Théragpati al prediction unit 10a refers to the input video
signal 1 so as to generate the spatial 30 prediction error signal 11 by

maki ng a prediction The feemisuntiedeydediegiborahdodr csitn 12 gt eerctisdeo
frane. The coding node.determnation unit 12 selects de capabl e
of coding a tar%elf‘ogrﬁc?"&ﬁ%&enﬁé P H’lgciaeﬁié}flgﬁﬁdmcﬁﬁlb?l)?goﬁ% BB8tng
mode i nfor mat i off £ 3t @ pichiey ak L igh Bl odi-Rg Y &3 g &0 by

t he code node deter%ingtpﬁﬁ uh?tqﬁélﬁ%?ng @nqu%aéﬁﬁotlon cg§g§ﬁ§g§%gﬁnnode
for coding the 2mor ahepredi¢hmest &r roodingnain Pt @ ,Skilpe meéeicl0 for a
case where the notion vector 5 is zero and the tenporal prediction error
signal 9 has a ffi¢cEsfpdient heasd dm nadea deduerndnado mgunid: sbhati al

predi cti on oT e Shgnghel b s VICROIL SE LOR, S JBLLR" IS £U0, 17EE, the

the temporal prediction error signal 9, a skip mode

10 for a case where the motion vector 5 is zero and
the temporal prediction error signal 9 has a null
component, and an intra mode for coding the spatial
prediction error signal 11. When selecting the
motion prediction mode, the coding mode

15 determination unit 12 outputs the temporal
prediction error signal 9 to the orxrthogonal
transform unit 15 as a signal that requires coding.
When selectiné the intra mode, the coding mode
determination unit 12 outputs the spatial

20 prediction error signal 11 to the orthogonal
transform unit 15 as a signal that requires coding.

When the motion prediction mode is selected,

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

25 as information that requires coding. When the intra
node is selected, the intra prediction mode 14 is
output from the spatial prediction unit 10a to the
arithmetic coding unit 6 as information that
requires coding.

30 The orthogonal transform unit 15 receives the



15 determ nation unit 12 outputs the tenporal prediction error signal 9 to
the orthogonal transformunit 15 as a signal that requires codi ng. Wen
selecting the intra node, the coding node determination unit 12 outputs the
spatial 20 prediction error signal 11 to the_orthogonal transformunit 15
as a signal that requires coding. Wieh’t he notion prediction node is
sel ected, the notion vector 5 is output fromthe notion estimtion unit 2

to the arithnetigi ol ngnHR tr g8 ras | QLABL it h@ﬁer%q;am? G 9.
When the intra node is selected, the intra prediction node 14 i's out put
fromthe spati aldgiredrtbadiamitni@a ito, téebgeicttseihe eddimgl ugict 6 as
information that requires_coding. 30The orthogonal transformunit 15

receives the 19IiMfEPnahat faysfped ot ngutpsrha Heheodias hbaat

determ nati on unj subj ects the signal .to arthogenal transform and
outputs the res&l%taﬁg%??gogorn%'fs Pgﬁ‘sg’o?%%bgﬁelngi e ‘?% at® t‘b{’fahe 5

quanti zations Unigyakf:izat ionl Ny JHaR%G zation unit 16 receives the

ort hogonal transform coefficient data fromthe orthogonal transformunit 15
and quantize& the orthipgogaladthnaftdiom cogiti dieentecdaiaew tthe 10

granularity indicated by the quantization paranmeter 23 determ ned by the
codi ng control | @Fthpgonal tmang feRrmnganef tediend chmtrofimam 22heo cont rol

Lhe auanti zati 0B 34y i £ Hn FPoAPRICPL! 25° 0 Y68nRILIESN R0t N0
orthogonal transform coefficient data with a
10 granularity indicated by the quantization parameter
23 determined by the coding controllex 22.

By allowing the coding controeller 22 to
control the guantization 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 guantization
step parameter 23 is adjusted in accordance with

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

25 that the guality is improved.

The inverse guantization 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 quantization with the granularity indicated by the



15 quality is ensured. Cenerally, the volune of arithnetically coded data
stored in the transm ssion buffer 24 for transm ssion is exam ned at
predeterm ned intervals so that the quantization step paraneter 23 is

adj usted in accordance with 20 the residual;cvol ume 25 of the data that
remain in the buffer. For exanple, when the residual volume 25 is |arge,
the coding rate is controlled to be |ow and, when the residual volunme 25 is

relatively smal granhd xcodicowy sakee iPaconbr@ld eflsfo be high so 25 that the
quality is inproved. The inverse quantization unit 18 receives the

ort hogonal transformiwefinegpese darhhogofradm thangdanm 2znion Wit 16 and
subj ects the or onal transformcoeffjcient data 17 to | nverse 30
PRBIREY, I a0 PEDAGRA L bt Ay T SRt LERt IR &R ep

guanti zati on w

paraneter 23. gupie ' r I t.r, Nigt, 19 jects the
or t hogonal transfo?myggag‘ P?/cgl gﬁygﬁﬁ%%ﬂg}‘g&tﬁégﬁinlﬁ\y/e%leelqjdgg%r}a?i on by
the inverse quaatitilatitdoninkhits 19 t8Vehse ¥ d hogenalgddansform The
switching unit 52 selects for output the tenporal predicted i mage 8 output
fromthe notiontEdAPERSA-i on unit 7 or the spatial predicted i mage 10 20

out put fromthe spatgﬁl predichhon unit 10a, in accordance with the coding
mode information 13 GCtpitY Frofite WRYENG Inddl eet Br APTat? BHEPHH tthe. when

the codi ng ”DdQéﬁﬁgfﬂﬁtb@Eég%Lqu%ﬂ§§et9eoutput from the motion

compensation unit 7 or the spatial predicted image

10 20 output from the spatial prediction unit 10a, in -
accordance with the coding mode information 13
output from the coding mode determination wunit 12.
When the coding 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 10a.

The adder 53 adds the output signal from the
switching unit 52 to the output signal from the
inverse orthogonal transform unit 19 so as to
generate the locally decoded image 21. The locally

25 decoded image 21 is stored in the frame memory 3a
ag 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

30  information 13, the spatial prediction mode 14 and



notion prediction node, the switching unit 52 15 selects for output the
tenporal predicted inage 8 output fromthe notion conpensation unit 7. Wen
the coding node information 13 indicates the intra node, the switching unit

52 selects for output the spati al predictedl§nage 20 output fromthe
Spatial 20 prediction unit 10a. The ‘adder 53 adds the output signal

fromthe swtching unit 52 to the output signal fromthe inverse orthogonal

transformunit Ihesoashbgogailerat enkFo twcabby rdeGaded dgage 24. ¢ghe
| ocal ly 25 decoded inmage 21 is stored in the frane nenory 3a as the

reference i mage ARy rodindisedcboditol i on pregisctd enc fobeslibsageent
i thnetic coding unit 6_subjects coding data

frames. The a

i ncl udi ng the n&ﬁ%rf"b@e%ﬁ g peodddig ¢ Houd t3y it et FéM smisghen
spati al predict L¥f@pde,;14and.y, 17 gonal trgﬂ? orm coefficient
data 17 to entropy codi ng gccofﬁ%ﬁao?g&§%%%%9dggg¥¥be %tggtand out put s

t he codi ng r®esult via(nmedwﬁmﬁﬁéssto&ﬂ@ﬁéﬁéra%ﬁﬁht@g ep@presged vi deo
data 26. 5(2) Qutline of the operation of the video decodi ng apparatus

The arithnetic B&E60dig uabPaXatnesei ves the conpressed video data 26 from

éhe vi deo coding app;&gtug aqgggubiects the received data to entropy 10

ecodi ng described |atf, *&d™ g% ?egﬁﬁ%g%ﬂg Motiitor? VeEB6re BV eg hgheodi ng

R, SR s TR T R
apparatus and subjects the received data to entropy

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

15 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

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

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

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

When the coding mode information 13 restored

30 by the arithmetic decoding unit 27 indicates the



15The inverse quantization unit 18 subjects the orthogonal transform
coefficient data 17 and the quantization step paraneter 23 restored by the
arithnmetic decoding unit to inverse quantization. The inverse orthogonal
transformunit 19 subjects 20 the orthogonal transform coefficient data 17
and the quantization step paraneter 23 thus ¥thverse-quantized to inverse
ort hogonal transform When the coding node information 13 restored

by the arithneti,c decodigﬁ?unih 27 indicates the 25 notion prediction node
the notion conpedtat foffoiHTt ¥RPesiRA B adhP R edpEidionr Bkt eliOPnage B

using the notion vect 5 t byt J tig odi unit 27,
Wien the codi ng ﬁ%deé?ﬁfoﬁ#g§igh%%§a¥%s gfggbégggyI%Hggér?fﬂ%%§ﬁggdé%%ﬁing
unit 27 indicat e@amea11%]:&@1&@imﬁanoabe-lsaoa&égk;om&di gii o unit 10b

restores the spatial predicted inmage 20 using the spatial prediction node
14 restored by Bhd trmehdst idededddinguoiitt 27. 5A di fference between the

spati al preﬂ%ction unit, 10a of the video coding apparatus and the spati al
prediction uhit 10b of B LPHES FedRIENG Ak &t § 351 aPal L fikd itdve

o) CoR a0 LR SRS BB DD 14 e o

avai | abl e spat| abapriogh Chira 1@€esn P18l o BT EHlY 2Bt dodOh 11

limted to generating the spatial predicted i mage 20 fromthe spa rard

predi ction nodeappatteetuss ig viemat}5Wiei bl ttle ngpumiila b4prelerésibhe

tenporal unit 10a is capable of performing a step of most

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

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

i 20 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, receiving the predicted image
from the switching unit 54, adds the predicted

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

The decoded image 21 is stored in the frame

memory 3b so as to be used to generate predicted

30 images for subsequent frames. A difference between

’



predicted image 8 restored by the notion conpensation unit 7 or the spatial
predicted i mage 20 restored by the spatial prediction unit 10b, in
accordance with the coding node information 13 20 restored by the
arithmetic decoding unit 27. The switching unit 54 then outputs the
selected inmage to the adder 55 as the predi%%ed | mage. The adder 55,
receiving the predicted imge fromthe switching unit 54, adds the

predicted 25i mage .t p | Gld Lrar.si gpal tputy £ r o the. i nverse
ort hogonal trans gr%%atr}?% %gqg%t%ggtgao%trgé nﬁ]tﬁhggglecoded J|£')rragg.ﬁ;21. The

decoded i mage 2%iifFedied bRtwedl iR videomeIdnPbaspasatiwsbanused to
generate predicted 30 i mages for subsequent franes. A difference between

19 the frane nefide asiBze ade Rl ioonshpps dat nhe rdiset eheel Fethweeh inle

vi deo codi ng aggﬁratus and the video decodi ng apparatus respectively
hosting the mentPPedeBIB}eArit hmetic codi ng and decodi ng A detail ed

descriPLLOn L1 rov £, O e STkl W s B anddigor o secor ding,
the arithmetic codi nga uétal 1¢fd Fi@scy ik Boane id Yegodi BE RFIDEGRS dfS
perfornmed by the
arithmetic coding and decoding according to the
features of the present invention. A coding process
is performed by the arithmetic coding unit 6 of Fig.
10 "3 and a decoding process is performed by the
arithmetic decoding unit 27 of Fig. 4.

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

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

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

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

after binarization. The coding unit 31 executes

30 arithmetic coding based on the probability thus



arithmetic decoding unit 27 of Fig. 4. Fig. 5 shows a construction of the
arithnmetic coding unit 6 of Fig. 3. Referring to Fig. 5 the arithnetic
coding unit 6 conprises a context nodel 15 determination unit 28, a

bi nari zation unit 29, a probability generation unit 30, a coding unit 31
and a transm ssion unit generation unit 35. 2%he context nodel deternination
unit 28 determ nes a context nodel (described |ater) defined for each of 20

unit 28 det context mdel (described | at for each «
mde. | nf or et | o T4 LN Cpat a1 VBreR LT oA RodR 10 AR0 TS 7 Phaduhal 25

transform coef fitientadaisa dife Theibigiarhgat ko uiitBRecanvesbg My til evel
data in accordance with 25 a binarization rule determ ned for each of types

of codi ng data. Sineupdobsgbidusyeydrer atndncanistt :30ctassidgns a probability of

occurrence of bhgyr% vgl esgéo or 1) for individual binary sequences after
bi nari zati on. TH& tobF &édﬁ¥ 31 LERBER B85 38 B Mt et Fo 88 thlmAaged on the

probabi |1ty shus 20 ganeraeds Ing {da0Rglasialyihl geuatien unit 35

i ndicates the timng wh e arithnetic I Nng° shou be suspefided and
constructs data pxonsoiiedl Ny athealdsHSiehed iwnido@inyh@ it 9o R g¢ 651 s
a flowchart show ng processes

1) Context mode determination process (step
ST1).

A context model is a model that defines

10 dependence of probability of occurrence of data
symbols on information that causes variation in the
probability. By switching between probability
states in accordance with the dependence, it is
possible to perform coding adapted to the

15 probability.

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

20 which ctx is applied changes depending on the
condition,

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

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

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

30 Adaptive Arithmetic Coding", International



performed by the arithmetic coding unit 6 of Fig. 5. 1) Context nbde
determ nation process (step ST1l). A context nodel is a nodel that defines
10 dependence of probability of occurrence of data synbols on information
that causes variation in the probability. swi t ching 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 nodel. tBnfiekerdcedoh NakygdabdcE®Ok nigsS 25ELIEdheOnld 0P8 x& 2
avai l able for ctx are defined on an assunption that the probability state

of the data synbokslt hh@bewhischr €t eviastappl | @dmolidngesvdependiimyg an t he
condition. In video coding according to the first enbodi nent, the value for

ctx is swi t ched™RF&RRHRC to another in accordance with _
Nl N A RN e U
nodel for a gmtyestwect®yr bhexadpl 8 huohakeeddPnpPedictidhrpe et
al . "Video Conpression Using Context-Based 30 Adaptive Arithnetic Coding",
I nternational error mvdk(c), a difference between the motion

vector for block C and a prediction thereof from

its spatial neighboxs, is coded. ctx_mvd(C, k)

indicates a context model.

10 mvdk(A) indicates a motion vector prediction
error for block A and mvdk(B) indicates a motion
vector prediction error for block B. mvdk(aA) and
mvdk(B) are used to define an evaluated value ek(C)
evaluated for switching between context models.

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

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

25 estimate.

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

and the orthogonal transform coefficient data 17,

30 The context models are shared by the arithmetic



21 Conference on I mage Processing 2001. The context nodel here is rel evant
to a notion vector in a macroblock. Referring to Fig. 8, for coding of a
notion 5 vector for block C, a notion vector prediction error nvdk(c), a

di fference between the notion vector for blggk C and a prediction thereof
fromits spatial neighbors, is coded. ctx_&%d(c, k) indicates a context
nodel . 10nvdk(A) indicates a notion vector prediction error for block A
and nvdk(B) indiceati®sy aa ARk @ o/eCtRE PiRdStE QR ifly O ﬁ@kal@kﬂ;ckaﬁ? gk (A)
and nvdk(B) are used to define an eval uated val ue ek((g eval uated for

swi t chi ng bet weetitdmesixicndeeicsiidgThe ievdl Vae €d thad ueidkeCd dawliidalges a
Generally, if ek(C is snall

variation in notion vectors in the nei%hbors. i .
mvdk(C) Wi Il haftBPRX&H$ - nBdys tARREeKE MEEAYL | detggeinptipd bp bt 28l y
that mvdk(C) wi e nityde. 20 or.di ngl the propability of
occurrence of sé%bgﬁézﬁﬂr%gé%%gﬁﬁgh%%aégﬁégyﬁgg %pfﬂ%i%%ﬁ'bgséﬁggﬁcgﬁ( . A
context noded ifo@ee fepigdef ifHd $€t§pe of coding data.

Selection, from a context model, a probability
estimate variation is described as a probability
generation process in 3) below.

2) Binarization step (step S8T2)

10 The coding data is turned into a binary
sequence by the binarization unit 29 so that a
context model is applied to each bin (binaxy
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 S§73)

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

25  binarization of the multilevel coding data and the
setting of a context model applied to each bin are
completed. The bins are now ready for coding. Each
context model includes variations giving an
estimate of the probability for 0/1. The

30 probability generation unit 30 refers to the



of variations of probability estimate. In this case, there are three
variation sets of probability 25 estimate. Aside fromthe notion vector,
context nodels are defined for coding data including the codi ng node
information 13, the spatial prediction node;44 and the orthogonal transform
coefficient data 17. 30 The context nodels are shared by the arithnmetic 22
coding unit .6 of the video coding apparatus and the arithnmetic decoding
unit 27 of the viaebedécadidyl apparatnisnedhéncedaxt smdealo des et nati on
unit 28 of the arithnetic coding unit 6 of Fig. 5 selects a 5 nodel defined
for a type of cdoifiMgrd@iheathe profabddiitan, ofr @A EBADEL 9DdRY 1 &n

probability esti € vaﬁiation I's described as a probability generation
process in 3) below. E} Bi nari zation step (step ST2) 10The coding data is

turned into a binary §§9Qe@esﬁ¥wrsh%rp'é‘ﬁ£ﬁz§§‘é' U UBhk 2 SCuklidly & £PREEX
nodel is applied to each bin (binary location) of the binary sequence. The
rule for binérizk{on feri sareotdance Mithet peodeniei 8itys dilséri buti on of
val ues of the coding data. A variable-length binary sequence results. By
codi ng each bi n BhtaRHLl bt ydigererptden) ath i hg3thaetprmiags €bei ng data

toarithmetic cQyidiadd§ PR Shcl U P iR Wiy, 6% o,
selection of the probability. The probability
determination unit 30 accordingly examines options

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

4) Coding process (steps ST3-~-ST7)
As a result of the step 3), the probability of

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

20 The actual coding data 32 (0 ox 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 8T5).

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

30 subsequently coded using the same variation of



20 reduced so that conputation is sinplified. Thus, binarization has a
merit of sinplifying a context nodel. 3) Probability generation process
(step 5T3) As a result of the processes 1) and 2) above, 25
bi nari zation of the nultilevel coding data and the setting of a context
nodel applied to each bin are conpl eted. Thé& bins are now ready for coding.

Each context nodel includes variations giving an estimate of the

probabi lity for O/dnahei3q Mobahl CEALLARAY { 030 Lo & he
23 cont ext nndelﬁéeternineg in s?@% §%¥‘g§9a§§%§%§En a?z t‘%ég%%ﬁgﬁﬁ ity
of occurrence ofo®/1 is epalddd. sbi &hsf stwsspaspexaipleyofothe eval uat ed
value 5 ek(C) for selection of the probability. The probability generation

unit 30 deterni MECERECROE @t B/ Valse undatad &k( Q). 3hdwn G 7 F2g. 8 for
sel ecti on of thquﬁgp bili%ﬁ'iﬁbe probagbiljty determ pation unjit 30
accor di ngly exam nes optFon§ 10" h¥afeaiidr+ th&féaﬁ%bﬁﬁtnﬁﬂﬁ$l?€ferred to
and determ ngs Wiy y@riat ke o cPhARAY iy 83 LIPISET Sl P HERY SO
codi ng of a current” bin.

pessible.

An arithmetic code 33 generated by the coding
unit 31 from the coding data 32 (0 or 1) is fed to
the transmission unit generation unit 35 and

10 multipléxed into data constituting a transmission
unit as described in 6) below (step ST6).

A determination is made as to whether the
entirety of a binary sequence (bins) of the coding
data has been coded (step $T7). If the coding has

15 not been completed, control is returned to step 8T3,
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-STY)

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



4) Codi ng process (steps 8T3-8T7) As a result of the step 3), the
probability of 15 occurrence of 0/1 necessary for arithnetic coding is
determ ned and identified on a probability line. Accordingly, the coding
unit 31 perfornms arithnetic coding as descrjbed with reference to the
related art (step ST4). 20The act ual codingé ata 32 (0 or 1) is fed back
into the probability generation unit 30. The frequency of occurrence of 0/1
i's counted to UpdRE 4 heyVab %d@ﬂt@ffypré)%@hhﬁta}fnge%éﬂﬁk%d Ne f DR eGONY EX1
nodel used (step ST5). 25For exanple, "it is assuned, that, when a total of
100 bi ns have beerntdodeticailly aompiratssond oflapmabahit i tyieeduppbed A

gi ven context nodel, the frequency of occurrence of 0/1 under that
variation of prBbadtiiRtgxdag witlehi ethers nedis, dafeh AUF$ 3B subsequent |y
coded using the rihation of . 24 probability estinmate, .the frequency
of occurrence OV%?%%SN%b %\?egnsfig tRa % RYBBSES % %?cg(ggurrence of 0/1
is updated 1t Ot24hsu®LonACRHUE BB d4U SaMaGhaN £5% %frfdr?éxﬁ%s}%q{ ng 5
adapted to the actual probability of oCcurrence is possible. n
arithnetic codemd3 @genez atedbly gdetdadicngedinihtdl Wirdost beacolé R tatm 32
(O or 1) is fed to the transm ssion unit generation unit 35 and 10

nul tipl exed i nt® datcondhi exEitiyley ofarkil sEromeuinibs igedenrowad aisn )

bel ow (step 5T6g1ice structure produced by grouping a plurality of

macroblocks in raster scan order.
10 Fig. 9 illustrates a slice structure.

A macroblock is encircled by dotted lines.
Generally, a slice structure is used as a unit for
resynchronization in decoding. In a typical example,
slice data are mapped onto a payload of a 1IP

15 transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header

20 portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto

25 an RTP payload in units of MPEG-4 slices (video
packets).

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

30 apparatus when a packet loss occurs. If the coding



A determnation is nade as to whether the entirety of a binary sequence
(bins) of the coding data has been coded (step ST7). If the coding has 15
not been conpleted, control is returned to step 8T3, where probability
generation for each bin and subsequent steps are perforned. If it is
deternined that the coding process is conpl ébed, a transm ssion unit
generation process descri bed 20 bel ow i s perforned. 5) Transm ssion

unit generation 0 tens STB-.5T9 . Ar i i.c .cading turns a
plurality of seéﬁéﬁ%géégg%éﬁ |H§igg§éc%ﬁ%% éssfﬁﬁrégggégégr&le 25 speci al

consi deration thairshaukd o &if VERe! @ 1% vhFgR4SINBd e | Sabpdlo Pr §8GQAed
i mge should be created in units of frames so that a frane nmenory 1s

updated. This i gldiepding dsvimdeo sbgsalble ekamactertizedshp sognent
predi ction between franes 30 and frane-hy-franme djsplay. Therefore, it is

25 necessary t&4ifEht 1Y 2a aduhtar f thet e ef efoghiRg | aPRATARE cal | y

conpressed dat a. §g4aff§hpurpose of nmultiplexing with other nedia data such

. no o
as voice/ audl o an e purpose of packet 5 transni ssion, the conpressed

data for transm ssionpgRy thaMe FQabearitt i@nehd &oakl tH SERhGre than a
frame. An exanple of sub-frame unit is knowmn as a slice structure produced
by grouping a pltdred idyyofy ivear abl beks is pasperxriscabeocvderi iAFigs 9
illustrates a slice structure. A macroblock is_encircled by dotted
lines. General | $Pt ¥ ¥evdthattlyr BeF@ QisbyIad 0 A t LRERdaRRBHERf &2at | on

1 o0 ng, Ll Y001 SpnBhGF, 5L Batis FEPRR U R,
?Za?“- ?.ietr)rew/rllmh bader] abivRbYit 551 48! §hArd rRh el AN IE SRheR ARl S¥ %
located in Slice 3 above or Slice 4 below.

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

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 lnitial 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



transport protocol (RTP) is often used. An RTP packet has a tinme stanp
attached to its header 20 portion. Slice data for video may be mapped onto
a payl oad portion for transm ssion. For exanple, Kikuchi et al. "RTP

Payl oad Format for MPEG 4 Audi o/ Visual Streans”, RFC 3016 describes a

met hod for mapping the MPEG 4 conpressed vi4dkeo data onto 25 an RTP payl oad
inunits of MPEG 4 slices (video packets). RTP packets are

transmtted as UDP packets, Since UDP _does .not.support. retransni ssion, Ihe
entirety of sli @é’c(?p ‘g“h%ytﬁott eeaghrg deeérbba‘f‘%é‘mfé&afpraé‘g%ﬁ%%v\hn%nag%pé’c et
loss occurs. |f aiple LU HHa28 A FYPSeEHEN v ShiyC At aqd st agndi LEgned on
informati on of the discarded slice, apprdpriate decoding Is not poSsible
even i f the subsdguerds sdhceMdatea sperud jatal he, dedadieigthpparatus 5

normal |y. For, this reason, it is necessary to ensure that any given
slice i s properP§s@ddvieltynoift s aht i P&t B ke Rode trPesHi®i R to any
interdependqgce For exangle, it shoul.d be ensurid thq} Slice 5is 10 coded
Wi t hout using i RSP HHIBR BEGUT obks THeRTEE 1 Jé? ite 3 above or Slice

4 bel ow. 1hee /By ON§ERRE HelbbAMRT £o60diiRg r?éiiahg&cé/?abﬁ\é%Ver,
it is desirable to adapt the probability of occurrence of synbols to

surroundi ng 15 bamdiils ahsldy eepidihtedn the process of dividing a
probability line. To code Slice 4 and Slice 5 independent of each other,
for exanple, a regi stBrenathe mepiesbatiidyy a0 EodOidt P 6f S&didhndeit@ dadi ng
are not maintaiped, when arithnetic codi of the 2Q | ast_pacrobl ock in
Slice 4is conpﬁéggd.ﬁﬂﬁe FRETS CRR{E E&ﬁ%ﬁﬁp P AR AFinitial

state so that CQELRGqaS-dES! 8bt &hat Nthldl TI@Yngl ledFSid MPRSY RS tO exploit
correlation that exits between the end of Slice”4 and the head of Slice 5,
adaptively controlled in units of transmission.
The transmission unit generation unit 35

according to the first embodiment receives a
transmission unit designation signal 36 at the end

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

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

More specifically, the transmission unit

25 generation unit 35 multiplexes the arithmetic code
33 derived from the coding data 32 seguentially
into bits that constitute the transmission unit
(step 8T6). The transmission unit generation unit
35 determines whether coding of data for

30 macroblocks that fit into a transmission unit has



25 resulting in a |lower coding efficiency. Thus, a general practice in the
design is that resilience to unexpected |oss of slice data due to

transm ssion errors is inproved at the cost of a decrease in the coding
efficiency. 30The transm ssion unit generation unit 35 27 according to the
first enbodi nent provides a nethod and an éﬁbaratus for inproving the
adaptability of the design. Mire specifically, where the possibility of

o of sl ice datafuentg: s dnSH S3baR BIOLS (s AKd T ERBRYA Db son

I nt er dependence between I ces I sregard but is fully exp

When the possi buhiitty déskgastdfos! s£gnaat a4 s(bkeh dms el dapaendenee shet ween
slices may be 10 disregarded so that the coding efficiency is adaptively
control led in udetemtirednshiadsionding to Thelddandne senbanatiy gdneration

unit 35 according to the first enbodi ment receives a tLaPS I SSi on_uni_t
f Al 1

desi gnati on si ghdPMFE LTS LRE ST 1508F A1t RERP SV egentrol
transm ssion; unit Q%%QPEEHO%S'SQQ ab1 S Prophdeq as é‘eﬁ%%ﬂ??‘.{,}%’}@' 'n

t he vi deo codi ng appar at us. e transm ssion unit generation un
generates transgrssl Woneks o er t hhidonivik e epadanegsot 20 the
arithnmetic code 33 received fromthe arithmetic coding unit 31 in
accordance w t hpehdardmeédg of the input of the transm ssion unit

desi gnati on signal 36.
9 9 When it is determined that the coding to build

the entirety of a transmission unit is complete,

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

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

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

20 to indicate that the register should be reset.

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

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

30 Fig. 10 illustrates a bit stream generated by



More specifically, the transm ssion unit 25 generation unit 35 nultipl exes
the arithnmetic code 33 derived fromthe coding data 32 sequentially into
bits that constitute the transmission unit (step ST6). The transni ssion
unit generation unit 35 determ nes whether coding of data for 30

macrobl ocks that fit into a transmission ufit has 28 been conpl eted, by
referring to the transm ssion unit designation signal 36 (step ST8). Wen

it is determ neghbhatr 00809 it0 LygidAqt haantérety of a transm ssion unit
has not been conpleted, control 5 is rfeturned to step ST1 so that the
determ nation of a com exhomodeln andgsubequent. dst dpsadee pertfoorfod.

Wien it is determned that the coding to build the entirety of a
transm ssi on unfPRpPEessipilevdder §hecer it ssp6AUHRE fefidi&S ohtaditt 35

constructs a he r fqr. the subseguent transn ssi.on unit as.desgcribed bel ow
(step ST9). 89891. e ﬁﬁ?ﬁS§§g5r5$f8§sqiféggﬁg?%¥r}%ggtlp!aé‘indicating
whet her a regi Sigbvedl Uehe MG il dPELIRRIES RaRu@PaDiltiy1lhd® into
segnentation status, i.e. an arithneti€ coding process for codeword
representation,tistéoblid betreset dmly hehpexttlie aneniissi®n vesiet |flibe
initially generated transm ssion unit, the register reset flag is set 20 to

indi cate that t¥RdiegitaertBaRéultdhderegdster should nqhebgnites3Bt provi des
0.be used to

initial i st | , ich, i i t i st I, t
o el ot eoaiR et e bR e 88 SR e R e d B B e oo on
unit, only 25 whep-the .60 $EEr Jcﬁ?tgimgli@ |- catas @t 1bhe o gl §t 86

shoul d not be reset. As shown in F , the itnitial register value Is

provi ded a$fan marintalweat)i stren et e1g Bésked f r ohnet her epdiihggumilti@d to the
transm ssion unit generation unit 35. 30Fig. 10 illustrates a bit stream
generated by ©c¢curs, by using the register reset flag and the

initial register value included in the current

slice header data. Accordingly, the coding

efficiency is prevented from becoming low.

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

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

25 using TCP/IP that provides relatively high
reliability. The compressed wvideo data is
transmitted using RTP/UDP/IP characterized by small
delays. In accordance with the separate

transmission scheme of Fig., 11 for transmission of

30 headers and transmission units, the data



29 the arithmetic coding unit 6. As shown in Fig. 10, slide header
data for conpressed video slice data includes a slice start code, the

regi ster reset flag described in "1" 5 above, the initial register val ue
mul ti pl exed into the bit stream only when EHF regi ster reset flag indicates
that the register should not be reset. Wth the added information
descri bed above, slice-to-slice continuity for arithnetic coding is 10

mei ntai ned even ek P88 @l JdEn T RESJIUMD S bCRRLE WSt By using the
register reset flag and the initial register value included in the current

slice header datartAccoodedglintd heldosisng efficiency is prevented from
becom ng | ow. 15Fig. 10 shows the slice header data and the conpressed

vi deo slice datatxﬂrﬁsﬁupﬁ[ﬂ%&%ﬁsiMﬁ?%?%1§XW§Qﬂ%l§?Feéﬂs?£€éP&HQ@eIy
as shown in Fig. wfhe slice header data m i i separate bit
stream for of fli é“]etrréaen%?rflgﬁn&ne a ﬁoﬂﬁetxhte %%ﬁ%?ﬁsg)gédévgggo%sla\f% 8aat a my
have attacheg thegglo |£nhorg®iéRnNsnelay rdRg &q ger §0kbesponding slice
header data. Referring to Fig.” 11, the streamis transmtted in accordance
with the | P pronedghbcihenheaderasiate iesstuvmastrhibttedl @5oddinmg &P/ bP t hat

provides relatively high reliability. The conpressed video data is
transnitted usi fidiReP/QDP/ Pp answredr insdergndeatl el hh& athakcor dance

et S0 b oo DS BRI Bhe " artdy B0 ViaRag! 31 on of
coding efficiency.

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

15 partitioned for transmission prior to RTP
packetization. According to this separate
transmission scheme, the fruit of arithmetic coding
processes is consistently obtained without being
affected by the conditions occurring in a circuit,

20 Therefore, a bit stream produced without the
constraints of the slice structure can be
transmitted, while ensuring a relatively high
degree of resilience to errors.

In an alternative approach shown in Fig. 12, a

25 layer above may be used to indicate whether a
syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a register reset control flag, indicating whether a
syntax comprising the register reset flag and the

30 initial register value is to be used, being



30 transmtted using RTP/UDP/IP need not be partitioned into slices.
Use of slices basically requires resetting of interdependence (context

nodel ) between a video 5 signal for a given slice and signals for

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

| ndependent of the other slices. This wll Yri ng about a drop in video .
coding efficiency. 100nce it is ensured, however, that the initial register
status is transpg,t T - Qﬁﬂp ' o8 vi.dea: signal s may
be coded by ful %%&%%‘A]’l}?%ﬁgq{aﬁega%alﬁleib e c%ﬁ%gg?ler%c]ite shi Epjéé%garre.

Resul tant aritheeiguealdy €66gd: Ual agmay paaidH) pakt idd ongdebors + 4maagNi ssi on
prior to RTP packetization. According to this separate transm ssion schene,
the fruit of arithnmetEercedianp beocwbsas it tondiedtermipedbtiat abdthiet hout

bei ng affected bg t he condi&Lons occyrring in a Eircuit 20 Therefore, a
bit stream prodGeEE Witt HERE Lify cbhstPH Rt of “RRE %I1Y18® 8t ruct ure can be

transmtted,s whi. Vig a L,vel i degr ; il fpce to
errors. In an a|#gP%§§¥§%ﬂngP§§%ﬁﬁéh%ﬁ%%ﬁ?ﬁ?g391§$”§;&§%?5V%§ above may
be used to indi cakettigidereqidny eaHYUPeget e viegest eledesgtefl ag and
the initial register value is to be used. Fig. 12 shows a reglster reset

control flag, ihHecaeigis ket versat sgpndraconpt fgi dg thetr &g stediceset
flag and the 30t112itt it"f‘lle rz?gigig',%rez}/anl.geailswe}yos bgeg%e{‘:d,agel:g% head of a
s§lice throughout the video sequence. In this case,
10 the register reset flag and the initial register
value need not be multiplexed on a slice-by-~slice
level.
By controlling register resetting on a video
sequence level, overhead information otherwise
15 +transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+ith frame) in a video sequence.
Fig. 13 shows an internal construction of the
arithmetic decoding unit 27 of Fig. 4.
The arithmetic decoding unit 27 comprises a
transmission unit decoding initialization unit 37,
25 a context model determination unit 28, a
binarization unit 29, a probability generation unit
30 and a decoding unit 38. The transmission unit
decoding initialization unit 37 initializes, for a
transmission unit received, an arithmetic decoding

30 process, based on added information related to an



31 nultiplexed into a header attached to a video sequence conprising a
plurality of video franes. For exanple, when it is determ ned that
the circuit quality is I ow and stable video 5 transm ssion may be possible
by consistently resetting registers throughout a video sequence, the

regi ster reset control flag is set to indicge that the register is always
reset at the head of a slice throughout the video sequence In this case,

10 th t fl th ti.al i st d t be
mil 11 pl oxed on AToMEETHsFRGd AEvend BRchite ﬁ%é""rﬁée&%&r "Betting on
a video sequencechavsly &a&aﬁeﬁewi Sl Oy OF RERW P IRchtansibL g or

each slice is redu In Size exanpl e, a speci CIrCUIt

condition (for eyampler daspeciified ea@wtiﬁyengnwmdmmenlthdxmétib%- The
regi ster reset control flag may of course be attached to a header of any

desired video 2BeFitade (Nt hher aved ing| e de abefoirmad: Vo ed Iseduence.
Fig. 13 sh0@§ an i nternal construction of t e ari hnetlc decoding unit 27

of Fig. 4. Spafid I R F RddCitd R BTy W |?r2§ rﬁﬁ?§8§@¥q¥ansn155|on
uni t decodi ng 'Ekﬁh%lf‘ozﬁxg'gé‘etf'}'l f’% 23 & £014 €k Weﬂ:edgg @El' B uni t
% F odi ng

28, a binarization unit a proba Ity generation unit a de

unit 38. The trasgpdISiON i bhsdac®diBgeiriingl hzaldmexdi hxo3.i7el pitializes,
for a transm ssion unit received, an arithmetic decoding 30 process, based

on added i nf or nekpERdr divatellet v igheo coding apparatus and the video
decoding apparatus, for the identified type. The

10 binarization unit 29 generates a binarization rule
defined for the identified decoding data type. The
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1) in
accordance with the binarization rule and the

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

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

Fig. 14 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Fig.

25 13.

6) Transmission unit decoding initialization
process (step ST10)

As shown in Fig. 10, the status in the
decoding unit 38 is initialized before arithmetic

30 decoding is started, based on the register reset



32 arithnetic coding and included in a header. The context nodel
determnation unit 28 identifies the type of data, i.e. identifying whether
the notion vector 5, the coding node information 13, the 5 spati al

predi ction node 14 or the orthogonal transformcoefficient data 17 is to be
restored by decoding, so as to determne a &dntext nodel, shared by the

vi deo codi ng apparatus and the video decodi ng apparatus, for the identified

type. The 10 biggrizati n ﬁnit 29 generates a binarizatign rul e defined for
the identified M aktg typkt IeHe LR BHABEK NP Ytferd At MOh hAPE eXR i ves

the probability; C e i or, in.accaqr e wWth the
binaPizatiLnlrﬁﬁgkgﬁ&%%%é %§$g§%¥gggqﬁﬁggf§9%hgu gkg |ng %£S§g§8(§%¥?%rns

ari thmetic decodim@ pbaseHeok ddis Peabakidét yrihus aanerated 59 s elther
restore the notion vector 5, the coding node information 13, the spati al
predi cti on nodethg airpitbesr Mogonalindiapst dng ddef facithmeQidatadihg n
accordance with the binar se%yence resultingFfron1arithnEtic decodi ng and

the binarizali oR"PASES 15 reseligr pphs UhpPoldifart Cdhéititg Y3pscelss
performed by thecar tt,hr‘@ﬁéci%%.ctoagﬁiiTgr\é@fs@grobaﬁ'ugg ?élzﬁ_d}ot us®s. As

Transm ssion unit decoding initialization process (step

shown in Fig. 10, theystabutdde tieadacafepgruinat38ohsSpiridéaki,zed before
arithmetic 30 decoding is started, based on the register reset 33 flag and
the initial regbénarizituboss pudeepbexat i probeddh ttvngsirestanioni t such
as a slice (steg sTIO, the register reset flag designating whether the
regi ster val ue PhBFERT ng the arithmetic coding

10 These processes are performed by the context
model determination unit 28, the binarization unit
29 and the probability generation unit 30 shown in
Fig. 13. These processes are identified as steps
ST1-ST3, respectively, in the flowchart and the

15 description thereof is omitted since they are
similar to the context model determination process
5T1 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 STL1)
The probability of occurrence of bin to be

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

25 (step ST11l), in accordance with the arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparatus, the decoding unit 38 counts
the frequency of occurrence of 0/1 so0 as to update

30 the probability of occurrence of bin (step 5T5),



5 process is reset or not. Wen the register value is reset, the initial
regi ster value 34 is not used. 7) Context nodel determ nation
process, binarization process and probability generation process 10These
processes are perforned by the context nodel determ nation unit 28, the
bi nari zation unit 29 and the probability géderation unit 30 shown in Fig.
13. These processes are identified as steps ST1-ST3, respectively, in the

flowchart and the 15 description thereof is omtted.since.the re simlar
to the context Frgae ed’é’tde’rrhgnﬁf‘il&nh%ff O€B§§?‘§Fl TR f‘Ff“iseg:}é@ }éﬁg“’per oRess
1), the binarizgtjonRr 2 A6 LEhgd 535 ¢ DR PROGETS: £ r%%
probability genergt?§%t§§§%£s§§5?§ |de%§b ié§§asbgo t he procgsg ii?ﬁ t he
video codi ng appatebih definedShbyArii8nBliinG decotiog prudcesgsisdep 8T11)
The probability of occurrence of bin to be restored is identified through

the processes 15T¥}).The decoding unit 38 restores the value of bin 25
scri hed

(step 8Th), .in accordance with_ the arifhnmetic decoding process d
mtr1refereﬁbetC)théiwﬁhﬁeHa&Hﬁ 9h 518 H95Y°L8 H%%M%ﬁ oﬁgﬂfi¥%egideo

Cpond SEOaL el e ANFUSNY| 08 WihipgPupoika ek eelsn ok i ence
34 The decodi ngpatt bra8 didrihes egnfikashile vt aeioh hiulé gstareed by
conparing it with a binary series
process identified as step ST3 for generating the
probability for 0/1 of each bin and the subseguent
10 processes are performed for a second time (steps
sT3, sT1l, STS5, STi2).

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

15 indicated by the matching pattern are output as the
restored data. If the decoding is not complete for
the entirety of transmission unit such as a slice
(step ST13), the context model determination
process of step ST1 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



pattern defined by the binarization rule (step ST12). 5If the value of bin
restored is not confirnmed as a result of conparison with the binary series
pattern defined by the binarization rule, the process identified as step
8T3 for generating the probability for 0/1 of each bin and the subsequent
10 processes are perforned for a second tinés(steps ST3, 8T11, STS, 5T12).
If the value of bin restored is confirmed by successfully matching it with

the binary seri tt.ern def ikn Y. l.nari zaf i r d 15
i ndi cat ed by thgéﬁg?éﬁﬁﬁg}ga%%fe?ﬁegraef%EP%&Q%;S %g@g S#Joxfoe%ég%t'a%ﬁ? t he
decodi ng i s not codhhet efDicibacentid eqy ik d1wE8 ) &HiiQe Whe such as a
slice (step ST13), the context nodel determ nation process of step STl and
t he subsequent pfetéddencrm tpetpemfsutihedipapeatedry distiimpheventirety of
transm ssi on un“; ésddecodgg. As ha§ been deﬁcribed, according to
the first embodi neRTA*PE 3% ah&RPdHahT of O86RprEtsBYSY & HhP4 S

transm ssionsunits su | kG t Sl headagr; t .

regi ster flag and the%Phﬁ?qilEgggﬁéfggbégﬁﬁghgﬁ'a%tggﬁé t%%?gﬁg?nfﬁels
regi ster reset fdsagudedi gratd ngruhetieds 86 urelt St R0 t\ealnier i 9dilgat i pget he
arithmetic coding process is reset or not. Accordingly, it is 30 possible
to perform codi RFS%eAbutlNoxRhgonhd s 38qually applicable to a

configuration in which a video frame is a
transmission unit.
10

Second embodiment
An alternative configuration of the arithmetic
coding unit 6 and the arithmetic decoding unit 27
according to the second embodiment will now be
15 described. In the second embodiment, not only the
register value indicating the status of a codeword
from the arithmetic coding process but also the
status of learning of a variation of probability
estimate in a context model is multiplexed into the
20 slice header. The status of learning occurs in the
probability generation unit 30 as the unit updates
the probability of occurrence of each bin.
For example, referring to Fig. 8 in the first
embodiment, in order to improve the arithmetic
25 coding efficiency for block ¢, information on the
motion vector for block B above block € is
exploited to determine a variation of probability
estimate. Accordingly, if block C and block B are
located in difference slices, the information on

30  block B should be prevented from being used to



continuity of the arithnetic coding process. The coding efficiency is

mai nt ai ned, while the resilience to transm ssion errors is inproved.
Decodi ng of resultant codes is also possible. 5In the first enbodi nent, a
slice structure is assuned as a transmssion unit. Alternatively, the
present invention is equally applicable to 3 configuration in which a video
frame is a transm ssion unit. 10 Second enbodi nent An alternative

configuration of at.t.h | C i i a jthnetic decodi ng
unit 27 accordiﬁgg€%r@%g%ég§%% gﬁ%é%ﬁﬁ%ﬂ%§m§FlQﬁ%ﬁ?ﬁ%ggggdescribed. In the
second enbodi ment, nothGRl Ynd&Esr eGiagt egnaabuasjrfqdiéﬁthagetﬁtey status of a
codeword fromthe arithnetic coding process but also the status of |earning
of a variation dfoyroedbiilni tay dss igat @hiara tbet gaolmadal ity nufti pl exed
into the 20 slice header. The status of |earning occurs in the probability
generation unit SSFWsEPRESUAI® ADABELY &l PREBIMUNGY BF 18 A r ERAE ft
each bin. Fog e , referring to Fig. 8 in the first enbodinent, in
order to inprove the arithnetic 25 coding efficiency for block C,

information on the nDALeB B @Iy | Okl afke Bnab@uthdh 0akn® isrévRlided to
determ ne a variation of proba |¥|ty estimate. Accordingly, 1f block C and

bl ock B are | ocaeddiddh anfif arermgepstates, fdre imporomtingnthe

adaptability of the design. The coding efficiency
with which the transmission unit is coded is

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

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

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

20 embodiment.

A difference between the arithmetic coding
unit 6 according te 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
33 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 Frig.

30 15.



30 bl ock B should be prevented frombeing used to 36 determ ne the
probability of occurrence. This neans that the coding efficiency is | owered
in a design where the probability of occurrence is adaptively determ ned
using a context 5 nodel. Accordingly,azhe second enbodi nent provi des
a nethod and an apparatus for inproving the“adaptability of the design. The
coding efficiency with which the transm ssion unit is coded is 10

adaptively controlled mcbmaeﬁtiatm&slaggz@bﬁéwe lantef depgRdeNELoN the
respect of arithnetic coding is be disregarded but fully exploited in a
case where the probubblanty of Fags &f s¢coeddat@ toetthe tfansti ssion errors
is extrenely lIow and the slice- 15 to-slice interdependence may be

di sregarded in &ERE1MEe thethrdodNei F?“&fe’f’bs’§°81e]slﬁ'é'ét§ét & 9 sthiagh.
Fig. 15 sh i | t t] t i i i it 6
coording to t e SLEE L NS REREAYE ' Be Y SRTC ik (OBhBtal b

according to the second

arithmetic cedi ~haiNpt o BELPL E NG 5t & dderseey srbodimeny r agd ey in,
arithmetic coding unit 6 shown 1n Fig. 5 according to the first enbodi nment

is that the prolaiithe25 geneiayi etamas 30 detatepscanconiaxtt nedel
status 39 to be nmultiplexed into a slice header to the transm ssion unit
generation unit P&pbability gpperpdijan supidncfir 28shkdwidtReakesprigeess

performed by th@é?ié@ﬁ%%ﬁ%fxg}gga%Tfié&O%s@fhagglin a context
model, is multiplexed into the slice header in the

10 header construction process (step ST9) in the
transmission unit generation unit 35 for
constructing a header for the next transmission
unit, in a similar configuration as the register
value that occurs in the binary arithmetic coding

15 process of step ST4.

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

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

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

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

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



37 An immedi ately appreciable difference fromthe flowhart of Fig. 6
according to the first enbodinent is that the context nodel status 39 that
occurs in the process of step ST3 for generating 5 the probability of

occurrence of 0/1 for each bin, i.e. the learning status 39 that occurs in
the probability generation unit 30 as it u tes the variation of
probability estimate in a context nodel, is nmultiplexed into the slice

header in the 1@ hqadgy geRstr yﬁghsgogr ocess Gt el PdNol B NEGHLENSY SSioNn
unit generation unit 35 for constructing a header for the next

transm ssi on unithe ipre@bsbdiliary cpof,i gureat | @8cas ddrece egEsvoer vajye that
occurs in the binary arithnetic coding 15 process of step 8T4. Fig.
17 illustrates St&offexdt) moBBE Itarmfngssimusun Atdasgremm tdpmidiibe3di ven

f th i t text model. .| ear.ni tatys 39 using Fig 17,
20Fi g 17 Shows 5 0T Chofe el 64 APE T ALl oot bf HeE B BER 4t L)k b

Lransm st o5 Unih. +hef il gk rRie] ¢ ibX isath ORLY (AEEs L Sofletidyad, for each
probabi ity 1'n ctx varies nmacroblock” to macfobl ock.
25The context nodel Stiagusl®9 islashenitead 4rbita 4t AOSN S 40k 1Y, t he
next transm ssion unit. This means that the final status ctxk(n-1) for the
the arithmetic coding unit 6 according to the
second embodiment.

In the second embodiment, the slice header for

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

15 embodiment shown in Fig. 10.

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

20 wvwhether the initial register value is multiplexed
oxr not.

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

25 Fig. 18 shows the slice header data and the
compressed video slice data being multiplexed into
the same bit stream. Alternatively, as is described
in the first embodiment, the slice header data may

be carried in a separate bit stream for offline

30 transmission and the compressed data may have



kth transm ssion unit is made to be equal to the initial status of ctx in
the k+lth transm ssion 30 unit, i.e. the probability p0O, pl of occurrence
of O, 1 in ctxku(n-1)=0, 1, 2 is nmade to be equal to the probability pc,
p of occurrence of O, 1 in ctxk(n-1). The transm ssion unit generation unit

35 transmts data indicating the status of g¢xk(n-1) S5 in the header of the
Ki-lth transm ssion unit. Fig. 18 illustrates a bit stream generated by the

arithnmetic coding unit 6 according to the second enbodinent. In the second
enbodi ment, theasliacth drtad@e foto 1@nt e forpaedsad yvedex singe tdat@ahBas
information indicating the context nodel status of the preceding slice
attached theret@oriresquandiiony toline didatexst datt &ode, the register reset
flag and the initial register value accordjng tq the first 15 enbodi nent
shown in Fig. 10. . Fi0+1 05 FEPFEr At | Vet EORA T APEdT BF CARE REoRBe
embodi ment, the,regingtiariLe jncd udg Qn, j gdicatd ony. of er
the context m)d%{: sglg\teﬁfsl(?sa%:lc{‘#%ﬁggﬁuﬁ ingtj?1 In %ggint%?on(?t gﬂgnvg]gégnd.
indi cation af 2&mpbatikeintbea Riifabrea@stigetdldie themdtiphaead or not.
A flag other than the register reset flag may indicate whether the context
nodel status isteaptiiplexedicr 2ActcceB@Eigg 18oshkdws £ Beogid cembesdaieat a

and the conpressed video slice data being nultiplexed into the same bit
stream Alterndt?9efde &rishaedkepdgconting pitddt 2hbAGSRPELNEGhE )] i ce

e ot e DB PRGNl A B 10 Ra e

transmission unit decoding initialization unit 37

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

15 from the immediately preceding slice.

Fig. 20 is a flowchart showing a process
performed by the arithmetic decoding unit 27 of Fig.
19.
A difference between-the flowchart of Fig. 20

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

25 each bin by referxing to the context model
determined in step ST1. The context model status 39
output to step ST3 is used to generate the

probability of occurrence of 0/1 in the probability

e
generation unit 30.

30 If 'the number of context models is extremely



39 attached thereto ID information referring to the corresponding slice

header dat a. Fig. 19 shows an internal construction of the
arithnmetic decoding unit 27 according to the second 5 enbodi ment. A
di fference between the arithnetic decodi ng it 27 according to the second

enbodi mrent and the arithnmetic decoding unit 27 according to the first
enbodi ment shown in Fig. 13 is that the transm ssion unit decodi ng
initialization barye37 dOrof ithe @f i t heeldom tegadinbg alnidt € vaccps dipg to
the second enbodi ment delivers the context nodel status 39 for the

i medi ately predédrgg hstgdermintippdnedsi mo everheadercavselde hy obabicle ty
generation unit, 30 .so that the .context nodel, stat uséiieﬁ i nherited 15 from

the i medi at el yPBREEEF ngt B t&d-P case, goptept| Bogdahd RAV ISR ng a
f y ! N o . g o
process perfor ”Eggﬁ%f.ﬁeﬂlﬁﬁ{' I:Bmfojgbg;é%%' NG Upht 260 nd! SEifél?c Jlﬁhfzg that |

di fference between. owchart . 20 20 and that of

in step STIOG fonayraessebeoftedNido denadi Athé Nhkkakiizadédns tldhay £ opkext
nodel status 39 restored fromthe slice header is output to the process of
step ST3 for gemelbipPA@xerk.probability of occurrence of 0/1 for 25 each

bin by referring to Epe cont ext, nodel . determned in stgp ST1. The cont ext
model “status 39 out pdi®% o®¥RE® 1S PETIOM YoC RS ARt RET Batity of

occurrence of O/ dahB et P\ QBRI £ SOREIAL | 0D URII30. 2 39LE: gl number of

context nodels is extrenely arge, carrying of the context” nodel status
in the slice hepslietibmt riafdugRe ahwveehead aeysed lbneslicetheadefise In this

case, context . nmodels providing significant contribution to the coding
efficiencyl? status may be inherited for these context models

only. The type of context model for which the
status is inherited may be explicitly multiplexed
into a bit stream so that the status may be
selectively inherited for important context models

15 depending on the local condition that occcours in
video.
| As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data

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

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

30 maintained, while the resilience to transmission



5 may be selected so that the associated status is multiplexed. For
exanpl e, notion vectors and orthogonal transform coefficient data represent
a large portion in the entire coding volune so that the 10 status may be

inherited for these context nodels only. TQﬁ type of context nodel for
which the status is inherited may be explicitly nultiplexed into a bit
stream so that the status may be selectively inherited for inportant

cont ext nodel s égrgggqujngmggowhgilocal condition that occurs in video.
As has been described, according to the second enbodi nent, for transm ssion

of conpressed video dat atha brearsndsenbodimest,t he sslice kdadectdaka i20
has the register flag, the initial register value 34 and the context nodel
status i nfor mat }dRUBLCadRdat k&Pt DB omiunhf - r BitRIeR 2 F 1Y esi §R&t i ng

whet her the regj al.ue indi.catin rith i { DO.process is
reset or not, ggﬁégénxhéﬂg%%Fg%%rhvﬁ%IEgﬁggﬂg}iﬁggpﬁﬁ%ﬁ%%gi% |5%ting t he
context modgl siah¥sgefrdiieo hMBdidl eby Rr ecRib8grglhante. idcgordingly, it is
possi ble to perform coding wthout losing the continuity of the arithnetic
codi ng process.tdapswdeisngef inditency is 30 mai ntained, while the

resilience to transmssion 41 errors is jnprove In the second

d.
embodi ment, a slice 3t M%yéﬁ@‘&%sﬁﬁ@d’da‘én%nhaﬁé’rﬁ_%’éméﬁ%ﬂﬂ t.
Alternatively, fxb%@é%ﬁ% J:H&e?to' OMeks GIUAl] VspRRWLAPEELEQ @ S ' the

configuration in recha¥ideo frane”1's a transmssion unit.
second embodi MBfiimed PR} | PReRAI LAY BY e £oONhexacmEal v afus of the

i mredi ately preceding slice Ts attachéd to a
- 1¢ current header. Therefore, referring to Fig. 8,

even when block C and block B immediately preceding
block C are located in different slices, the coding
efficiency is improved through probability
adaptation using context models, by exploiting the

15 context model status of bleck B in determining the
probability for block C. The coding efficiency with
which the transmission unit is coded is adaptively
controlled such that the slice-to-~slice
interdependence is not disregarded but the context

20 model status for the immediately preceding slice is
fully exploited in a case where the probability of
loss of slide data due to transmission errors is
extremely low. The context model status for the
immediately preceding slice is not used and the

25 slice-~-to-slice interdependence is disregarded in a
case where the probability of loss of slice data is
high.

Referring to the bit stream syntax shown in

Fig. 18, the second embodiment has been described

30 assuming that information indicating the context



10 current header. Therefore, referring to Fig. 8, even when block C and
bl ock 13 immedi ately preceding block C are |ocated in different slices, the
coding efficiency is inproved through probability adaptation using context
nodel s, by exploiting the 15 context nodel 43tatus of block 13 in

determ ning the probability for block C. The coding efficiency with which
the transm ssion unit is coded is adaptively controlled such that the
slice-to-slice Raterdependencdoirs dwtadiisr ddee detimbdti. attel goprexde@@ngodel
status for the ipmedi agtely preceding slice is fullx exploited in a case
wher e the probaBttFey 36t QBgécgfe%l%%leeéﬁtha HhikCEo telaé&b‘fd 38j 88l biEdpe i s
extrenely | ow. e nt X I atus fqr t i di.at e receding slice
i s not used andI?hg%%S ’%ﬁ%%gg% éﬁs(%scééei Etlgrgde‘%g%dgﬁge l%‘sl%lyggegaer%‘éﬁgﬁﬁ a

case where the padhabialdddr@inhoss ofnel ifae Hat embs diin®ht Referring to the
bit stream syntax shown in Fig. 18, the second enbodi nent has been

descri bed 3@ asaduhimgatthiatelnf ot i oagiledicoat fegethd lecont extl 4 nodel
status for data,ip the imediately preceding slice is attached in each
slice header in*34bieitoFaDl$herr st er areBidingdgtand A hel it al

regi ster val ue ' e, first. di_nen Al ternatively, the
regi ster reset ?ﬁggagﬁgg?%g“gynPfiéﬁﬁ+§g?§té¥?v§Pﬁg_5%%€$d?ﬁ8 to the first
embodi nent may Lef&phhtdG0ihAd M gt BB d O FBLkOMd ¢l Caliatdsd heoy
context nodel status for data in the immediately preceding slice is

attached 10 in @&zh $hi thaechuerdidtel papreslgdinhe sdditexismadet ashatus

reset flag ésee_Fi . 21) may be provided irrespective of whether the
regi ster re et#4eéaﬁﬂdsﬁm9?nhﬁﬁﬂe#egﬁé?&*ﬂéﬁbﬁeéﬂcmﬁﬁ%gcp@qqﬁ¢first

Foset f1ag s AN ElackE ObaR had t8Ek A0S a0 el B e

reset flag is e. the c )

information i ngGakidedt He A 00k 8%k iRRded rsialdisn&or LUl arddikhe ) nediatel y
preceding slice is attached for use in decoding. 20 Third enbodi nent
A discl osure wiillagqoande thie/eim bt itlle tdgid tenbodaeet dacobidhg to
Lransm Sson U A s o tpod inant are plovided, adhat' onry O™
15 when the context model status reset flag is off,
i.e. the context model status is not reset, the
information indicating the context model status for
data in the immediately preceding slice is attached
for use in decoding.
20
Third embodiment
A disclosure will now be given of the third
embodiment in which transmission units are
constructed according to a data partitioning format
25 in which coding data are grouped according to a
data type.
The example explained below is taken from
Working Draft Number 2, Revision 3, JVT-Bl18r3 for

a video coding scheme discussed in Joint Video Teanm

30 {JVT) of ISOG/IEC MPEG and ITU-T VCEG. The draft



25 in which coding data are grouped according to a data type. The exanple

expl ai ned below is taken from Wrking Draft Nunmber 2, Revision 3,
JVT-B118r 3 for a video codi ng scheme discussed in Joint Video Team

30(JVT) of ISOIEC MPEG and I TU-T VCEG Theygdraft 43 discloses as many
data itens of a specific type as there are nacroblocks in a slice structure
as showmn in Fig. 9, are grouped. The resultant data unit is transmtted in
the formof slicakistatasefhassiigeySddataa (taha wi tg cpastirtuct edyby as

grouping is of one of data types 0-7 such as those shown bel ow, for

exanpl e. 0 T > IHEADER m&ﬁnﬂhﬂPﬁkﬁmﬂncﬁ §ﬂMﬂ?fﬁ%@@Ftﬂ¥Q.aS Shown
i.nf.or mat i,

TYPE_MBHEADER | ock,head f d
TYPE /D ot i on Medtet - 37 THBE GHEP BBO Aot Sors Ot NEGBndr (4 anerar the

coefficient pat tt@éhérﬁ‘x%%ﬁ"%&%ﬁe@o‘% m CE_ g&%@% YL H290RY e LERY LT M

coefficient data (1) 5 TYPE FF_Y orthogonal transforn1coeff|0|ent dat a
(2) 6 TYPHa@GERRI £k ar ulhdgonat o hkanaior eucosf fgoeptnd0 vat af( Pnd

TYPE ECS end of streamidentification information For exanple, a slice of
data type 2 or of data types 0~7 such as those shown below, for

example.

0 TYPE_HEADER picture (frame) oxr slice header
10 1 TYPE_MBHEADER macroblock header information
(coding mode information)

2 TYPE_MVD motion vector
3 TYPE_CBP CBP (non-zero orthogonal transform

coefficient pattern in macroblock)

15 4 TYPE_2x2DC orthogonal transform coefficient data

(1)
5 TYPE_COEFF_Y orthogonal transform coefficient

data (2)
6 TYPE_COEFF_C orthogonal transform coefficient

20 data (3)
7 TYPE_EOS end of stream identification information

For example, a slice of data type 2 ox
TYPE_MVD is transmitted as slice data in which are
25 collected as many motion vector information items
as there are macroblocks fitting into a slice.
Accordingly, when the k+lth slice of a type
TYPE_MVD is subject to decoding following the kth
slice of a type TYPE_MVD, only the context model

30 status for motion vectors occurring at the end of



TYPE MVD is transmtted as slice data in which are 25 collected as nmany
notion vector information itens as there are nmacrobl ocks fitting into a
slice. Accordi ngly, when the k+lth slice of a type TYPE two is
subject to decoding followng the kth slicegpf a type TYPE_ WD, only the
context nodel 30 status for notion vectors occurring at the end of 44 the
kth slice should be nultiplexed into a header of the k+lth slice carrying

the TYPE_ MWD dattdekhtbr §drice ahpowd Hee coni&itp iexded feaoniaghetatars for
21 shows

arithnmetic codi of, notiqn . .vecfors to be 5 inherited. Fi g.
an exanpl e of biQ)tgf s‘f?%a%ﬁéﬂ’er%ﬁ%ﬂebfatwjﬁﬂt it i Y RBAMNG hrEae in
according to thegjuyd i Ref L Fiyg. e tion
vectors are collé%?%% nggﬁiggii?esﬁéﬁféﬁgdggg%% %§%5P§Q¥£dggﬁ 8¢
TYPE_MD, the slficce dieathnchasc atbashed dheneteod Stde€oshanis c9de, a data

type ID designaping TYPE_MWD, a context nodel status reset flag and
i nfor mati on 9 ndit@&E Nt efe context nodel status for notion vectors

occurring 15 in the ignedi t.el receding slice. When_ only orthogonal
transform coefficientf 9" %1 3%5%5 an €éxample of bit stream

generated by the arithmetic coding unit 6 according
to the third embodiment. Referring to Fig. 21, when
motion vectors are collected to construct slice

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

15 in the immediately preceding slice.

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

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

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

30 attached thereto ID information referring to the



data (2) of a data type 5 or TYPE CCEFF_Y are collected to construct slice
data, the slice header has attached thereto a slice start code, a data 20
type I D designating TYPE COEFF_Y, a context nodel status reset flag and
information indicating the context nodel stgatus for orthogonal transform
coefficient data occurring in the i mediately preceding slice. 25Fig. 21
shows the slice header data and the conpressed data being nultiplexed into
the sane bit st EHReAPPEGHAY vel §cet headétedadader data nmay be carried in
a separate bit streanhf%r offligg 45 cori spondigg sl ice header data.
Referring to Fig. 15, “EH&EXrtthnkPi &4 g'uﬁqe BEEHPE L t 6odHeng hird
enbodi nent is iﬁQﬁﬁﬂa@tggc%Hﬁﬁiﬁ?antQﬁuirﬁﬂighsﬁﬁﬁyo&Qh%ni gﬁgeration unit
35 reconstructs nacrobl ock data Tn a slice Inaccordance wth the data
partitioning ruliepdescehbed ahnvie, tRatt hatet beanRDé 5 BRt iwani desi gnati ng
the data type and the context nodel |earning status corresponding to the
data type ar® 10€8SiTaeies iuwnitite deconsefuctingnaorbbdod9, daha in
arithnetic deco%inﬁ.unit.27 ac%ﬁ%ging to fhe tnird enbodi ment is |

i npl enent ed such fAASSiOP FHGTHRINE Sd&Ebu? nhea Gkt eRE Tfodel opd e used
is determned b | Qyu sm_ssi nity, decqdi initialization
unit 37 to noti?34%%3”%%%fé§?&ﬂ§ﬂ%§@§été%%1ﬁ§??oﬁ”ﬁ%ifﬁzéﬂ%f”ﬂh%kaa?h type

| D mul tipl exed datdgrhet shcehealleta aRdhd hgngortextesndelkd apsgkRg st atus
39 is inherited across bounds of slices by allowing the 20 transm ssion
decodi ng i ni ti al PRENIIANE uRER tIE tao noespENGEngr dloalihét dagenetppor reni t

30 of the Gentexs; TRdgled e2hNNY S 254%A .

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

15 the transmission unit decoding initialization unit
37 to notify the context model determinétién unit
28 of the data type ID multiplexed into the slice
header, and the context model learning status 39 ig
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,



As has been described, according to the third enbodi nent, a video signal is
subj ect to 25 conpression coding by being divided into transm ssion units
grouped according to predeterm ned data types. The video signal bel ongi ng
to the transm ssion unit is arithnetically coded such that coding is

continued 30 across bounds of transnission?%its by inheriting, 46 instead
of resetting, the synbol occurrence probability |learning status fromthe

earlier transni §keR-upidsal %&!&wgg 260 A 6§ 0 ol 9AE A cley Pe.

Accordi ngly, a high degree of error resilience Is ensured and the coding
efficiency of aprbbagiili€pdiiRe drsindgpsewnedid nf pononfheguratlaey n whi ch
data are grouped according to predetermnm ned data types. Wi | e

the third enbodfiensrdssunes umdit stlze grosipedt ares e dr fanitded
may al so be

acoording 10,3 $5k3 SYiS SopdehaB 7100 Hikdn, delees LRSI 0,
according tg thgekRhGd RIDOIEMRA SHOMN LY Rife €ddaihly 'Sfficiency of
arithmetic coding is improved in a configuration in
which data are grouped according to predetermined
data types.
While the third embodiment assumee that slice
10 structures are organized according to a data type
as a transmission unit, video frames may also be
organized according to a data type.
In the example of bit stream syntax according
to the third embodiment shown in Fig. 21, it is
15 assumed that the header of slice data for a given
data type has attached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Rlternatively,
20 in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model
25 status of data in the immediately preceding slice
when the flag is off, in addition to the register
reset flag and the initial register value.
Alternatively, the context model status reset flag
may be omitted so that the information indicating

30 the context model status of data in the immediately



15 assuned that the header of slice data for a given data type has attached
thereto a context nodel status reset flag and information indicating the
context nodel status of data in the imedi ately preceding slice when the
flag is off. Alternatively, 20 in a sinilar,fonfiguration as the bit stream
syntax according to the second enbodi nent §%omn in Fig. 18, the header of
slice data for a given data type may have attached thereto a context nodel

status reset fl @gedrwldinfosnetd®nisndiigaldddat8gcpy exbrmadel 23 status of
data in the imediately preceding slice when the flag is off, in addition
to the registerdegsatifyag iamkdpectiviel alf repgesher vahaerelitstaati vel y,
the context nodel status reset flag nmay be omtted so that the information
i ndi cating 30 tﬁ&sc?d‘ntgkiignﬁd’éi that §3isA afat BePh SHRY | Hifredicatarg 47
precedi ng sliceyiga s attached for use in decoding, irrespective of
whet her the register reset flag and the initial register value are
provided. 5! the firsh tReoudhrdbi cd WA PBAILS MhE8QidF4 S ¢l as
an exanple of digital signals. The present invention is equally apﬁllcable
to digital signdf&afdrs agiilven disgidal esiagneles 66r dsiid it pil ceurgass 1 €li, gimtrad
signals for texts and nmujtinedia 10 digital signals in which these are

i xed. | PPFRE &MY st YRS td&bnES e RBGGI Inbnt 8 ppd kg akde $yidbaise lan

exanpl e of digit (Molg t ] SSJ yni-t. bn e third _enbhodi nent, a
transm ssion uni ?{Jnég%s?é%& égr&;crgpbr%?ﬁé%%ol d%%gn%gspar{)f;_t isé"ming for
collecting datapistar¥dd ceqageed “Qiigﬁafl dat@r t YRSt d SaHHVﬁ\'ﬁla\,silﬁ‘in.ia
exanple. Alternatively, an inage (picfure) constructed froma plurality of
slices, i.&0 addgébaflr anegnady b avhiahstilsss enaurd tmiXhd.present

invention also finds 20 an application in a storage system In this case, a
storage unit, insteadTofthet fddshk sanen Smﬁqn%?l‘%@‘%{a‘ﬂ@flﬁﬁm etl.slice

is given as an example of digital signal
transmission unit. In the third embodiment, a
transmission unit, constructed according to data

15 partitioning for collecting data in a slice
according to a data type, is given as an example.
Alternatively, an image (picture)} constructed from
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.



| NDUSTRI AL APPLI CABI LI TY 25As has been described, a digital signal coding
apparatus according to the present invention is suitably used for

transm ssion of a conpressed video signal in which a high degree of error
resiliency is ensured and the coding efficiency for 30 arithnetic coding is
i nproved. 48 CLAIMS 1. A digital deco%ing apparatus for receiving a
conpression coded digital signal in prgdeternined transm ssion units for
decodi ng, conpri sing: initialization unit for initializing a

pr obabi ¢ Am®f occurrence based on information nultiplexed into data
constituting said transm ssion unit, when decoding of said transm ssion
unit is started, a binarization unit for generating a binarization
rul e determ ned based on a type of decoded dat a; a probability of
occurrence generation unit for providing the probability of occurrence of
synbol gederfatddiihylt Kecbdnagi aapaoatusl Byr anded vdegodi ngmpne $ s fon

executing arit tj.c .decodin ased on.the probability.of .occurrence thus
Gonor st od. -2 odRE e P A R et R At et S R e SR i
wher ei n t he fhgidealodiinghakomsrasvhgleo signal and said transm ssion unit is
a slice constituted hy one or a plurality of macroblocks in a video frane.

0 :
3.A digital decodiid retRaa-pPor rttet A nigtidiGdmsriedsFoRrebaky! HiFygi ¢ &l
signal in predetaiiceed kEaNsAT S8 4S ot i9aeedungn+608RF 4 Si NQ:

constituting said transmission unit, when decoding of said
transmission unit is started:

a binarization unit for generating a binarization rule
determined based on a type of decoded data;

a probability of occurrence generation unit for
providing the probability of occurrence of symbol generated
by the binarization rule:; and

a decoding unit for executing arithmetic decoding

based on the probability of occurrence thus generated.

2. The digital signal decoding apparatus according to claim 1,
wherein the digital signal is a video signal and said
transmission unit is a slice constituted by one or a

plurality of macroblocks in a video frame.

3. A digital decoding method for receiving a compression coded
digital signal in predetermined transmission units for
decoding, comprising:

initialization step for initializing a probability of
cccurrence based on information multiplexed intc data
constituting sald transmission unit, when decoding of said
transmission unit is started;

a binarization step for generating a binarization rule

determined based on a type of decoded data;



initialization step for initializing a probability of occurrence based on
information multiplexed into data constituting said transm ssion unit, when
decoding of said transmission unit is started; a binarization step for
generating a binarization rule determ ned based on a type of decoded dat a;
49 a probability of occurrence gtﬁeration step for providing the
probability of occurrence of synbol erated by the binarization rule; and
a decoding step for executing arithnetlc decodi ng based on the probability

of occurrence thus gensnauedy 4¢ E@@ugwﬁé@gesd&zaélo%e%c&%n%&ret hod _
according to claim3, wherein the digital signal 1s a video signal and said

transn155|onpiﬁﬁ%d%ﬁgaihﬂ|D@@bébm%@tYu@édO@@MQﬁﬂﬁQﬁ of plymballi ggnetrated
macrobl ocks jp @, ¥ideQ a8 o rule; and

a decoding step for executing arithmetic decoding based on

the probability of occurrence thus generated.

4. The digital signal decoding method according to claim 3,
wherein the digital signal is a video signal and said
transmission unit is a slice constituted by one or a

plurality of macroblocks in a video frame.



