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, aidigital signal decoding
apparatus, a digital signal arithmetic coding nmethod and a digital signa

a. ithnetic decodi ng nethod used for video conpression coding and
conpressed video data transm ssi on.SHABCBRCKGROUND ART In

I nternational standards for video coding such as MPEG and | TU-T 11. 26X,
Huf f man codi ng has been used for entropy coding. Huffman coding 20 provides

an optimum codj f Qr.E | ndj vi luik & O i S are to be
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guar ant eed whefh@o sk §0alnSpiKRARS B Vb feorakonel agxhi hiksrimealiczed onthe t
the nrohair” information synbols v Arithnmetic coding is proposed as a

met hod that CODING METHOD AND DIGITAL SIGNAL ARITHMETIC

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 a digital signal é;ithmetic decoding
method used for video compression coding and
compressed 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 pexformance when
individual information symbols are to be
represented ag individual codewords. Optimum
performance is not, however, guaranteed when a
signal such as a video signal exhibite localized

PR vt ot den ooy that fhe oeoabhabhilibhy o of anoearsnos of

iﬁﬁ@rmatiom symbols varies.

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

30. xepresenting a plurality of symbols ag a single



adapts dynamcally to the probability of appeal 2 codeword. The
concept behind arithnetic coding will be outlined by referring to Mark

Nel son, "Arithnmetic Coding + Statistical Mddeling = Data Conpression 5 Part
1 - Arithrmetic Coding", Dr. Dobb's Journalj4 February 1991. It is assuned
that an informati on source generates Information synbols conprising

al phabets and a ssage "BlILL GATES" is arithnetically coded.
10The-probabiI??yegPrgﬁpearance of individual characters is defined as

shown in Fig. 1. Asdqyndicafedyin “sRANGE: 1 8F S Gind: rti.ons of a
probability |line defined by apseéﬂ%ﬁ?h?g?rl are ﬁ%i&ﬁ% yn%syggﬂigﬁ%d for

respective chanacténed ¥sSubsgquantdy, tbhgaghanssl eos arasubhfeh 1o a
codi ng process. First, the letter "B" is coded. This is done in the form of

identifying a Gehyea(0. Stot 3y tdgaheiphebalid it yDatne Cloorp tat iohar act er .
Ther ef or e, thq?le_t r"%f;x)re%ponds éo 20 a set of Hh%r val ue and a Low
value in tRe r&Hy ?072,’b¥%§me T oRLbBEequett 1 yPOoPRe & aigerpela 0. 3)
identified in e codli "B IS € d.as; ment [0, 1)
Sc) that a sugﬁggaﬁé%? ?%Epgla?qug% %%3??Fﬁng?P%€c% iﬂ@“ﬁ%ﬁg§§§6%%ss of
successi vel y boundi aggkagess oast he prohabi bidt ¥ Jdne: « GOL{{?:B@Q%%“ ng the
process for the characte result of arithnetic coding of "BI'LL GATES' 30
represent ed astiPhahets wanda2BEXEGYgE2" Baflla GATES" is

arithmetically coded. _

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 uniguely 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" subseguently, the range [0.2, 0.3)
identified in the process of coding “Bv is regarded

ag a new segment [6, 1) so that a sub-segment (0.5,
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s ddant il
arjithmetic coding is a process of successively
bounding rages on the probability line.

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

30 represented as a Low value "0.2572167752" of a



3 segnent after the coding of the letter "S" is conpl eted. 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 determ ne a charaéter assigned to the range. In
this case, we restore "B". 10Thereafter, the Low value foris subtracted
fromthe result and the resultant value is divided by the magni tude of the

range of "B", OANEhRO 2B OF216/47525 41 kU $ £nahles dis restorg "1"
corresponding to the seéhentz(0§%, %96%.@%he 1598r§besgg?s %ipe%%ed unt i
"Bl LL GATES' i sagmsleted by decoding. By performing an arithnmetic coding as
descri bed above, 'a nessage of extrene |length could be napped onto a single

codewoid. In actual 20demtaient gtionesist is anpdasidieet o opehat eod i g
infinite decinaldfrecision. Moreover, multiplication and division are
necessary for #IHHY° 8nd decodi ng so that heavy conputational |oad is

| Tposed, These Problegesare prdr sasedyly 20110l ol 81 9w Lcqgputation
usi ng, for codeword representation, registers of aneget = o
examined to determine a range on the probability

line in which the result lies and determine a
character assigned to the range. In this case, vwe
restore "“"B". T .

10 Thereafter, the«Low.value-forﬂ“B“ is
subtracted from the result and the resultant value
is divided by the magnitude of the range of “Bv,
producing *0.572167752". This enables us to restore
"I" corresponding to the segment [0.5, O.G).fThe

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

By performing an arithmetic coding as
described ahove, 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,
multiplication and division are necessary for
coding énd decoding so that héavy computational
load is imposed. These problems are addressed by

25 fivating-point decimal computation using, for
codeword representation, registers of an integer

The : Low value is

type.
approximated by a power of 2 so that multiplication

b
o

and division are replaced by shift operatioas.

30 Ideally, arithmetic coding according to the above-



type. TheLow value is approxi mated by a power of 2 80 that nultiplication
and division are replaced by shift operations. 30 Ideally, arithnetic
codi ng according to the above- 4 described process enabl es entropy coding
adapted to the probability of occurrence of, information synbols. Mre
specifically, when the probability of occurrence varies dynamcally, the
coding 5 efficiency higher than that of Huf fman coding is avail abl e by
traci ng the vardestd ohbadd pupdat & 89 etntab tabl endrofpiyg. cbdappr gptdptekdy o
Since the digital signal arithnetic coding nmethod and digital arithmetic
decodi ng net hod el T akadrdi Hyy t 8Lt RE BT B eEcal kR eERRGIRI as

decodi ng met hod adnd Hi 19t RE T RtRe guted as_
[ uni st hat PRSP e RaH GIPSRUTON A 1o oHB) coPRpbaos A Hha Bl 8 £%' "

structure) in @cdairi@nblenivi Zefeaiadali o 19,060 rkBg iy an _
entropy-coded video signal due to tfansm ssion errors. Huffrman codi ng maps

i ndi vi dual Bodiefd isybhbnby hinfleerodéwor dshof e iHd£Heanbicod Emgt hsso t hat
transm ssion unit is imediately defined as a _group 20 of codewords. In

arithmetic codif¢iimbeeby drpaing tdodev?bi-ad&is cp PPy vafspehting e

codi ng processth%l&g uLred. In addition,.for.resunption of coding, the
process of |earfing thé prébabl | FPPEEP ottt ufr&nce of earlier synbol- shoul d

he reset: so as thesgadieng i6d f1§58RG N8RS T8¢ 1 Phinek 10 @9d;gubsequent
to the suspension. Another problemto be addressedwhen an arithnet’ic coding
method and digital arithmetic decoding method
- u% »10s ageording to the related art are configured as
described above, each video frame is divided into
segments for transmission in units that allows
resynchronization (for example, MPEG-2 slice
structure) in orxder to minimize degradation
15 occurring in an entropy-~coded video signal due to
transmission errors.

Huffman coding maps individual coding symbols
inte 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
cacurrence of eavliey symbols should be resel so as
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the coding efficiency may suffer prior to and
subsequent to the suspension. Another problem to be
addressed is that, when an arvithmetic 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
Affects on video quality result when a transmission 5 error or a packet
| oss due to a delay occurs. The present i nvention 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 erroradOphexidd eNgyaand # NPF M LRA s L8| ngeridd Lhegney of '
arithmetic coding. The present invention has a further objective of

provi ding a di gpéakesi gratndecadinyg mppaeratuid lamdt atdiegi tmhedilgriad Lylecodi ng
met hod capabl e of 15 proper decoding in a situation where the codi ng

appar at us cont i RE@§ edddichgP aEKk6ds dvundECoft Rat ahsAPLdi g bhi e veyse
i nheriti , f tti , th it i i t f
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transm ssi on uni
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appacodi ng method 0 C.a gnainto unpressed by arithnetic coding Information
representing an eticTdodi pgestkattusinvestiimmegafiersges these problems
and has an'objective of providing a digital signal
coding apparatus and a digital signal coding method
capable of ensuring a high degree of error
10+ .resiliency and improving a coding efficiency of -
arjithmetic 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 probabllity

20 learning status.

DISCLOSURE OF THE INVENTION
In accordance with a digital signal coding
apparatus and a digital signal coding method

L3 T s B 4 ES i LS N _%Mf DERSSOL LDV LAy 8 it d v da

gsignal 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



transm ssion unit has been coded, may be 30 nmultiplexed into data
constituting a subsequent 6 transm ssion unit. Alternatively, a
probability of occurrence of coding synbols nay be determ ned, based on
dependence of the digital signal coded on t@e signal included in one or a
plurality of 5 adjacent transm ssion units, the probability of occurrence
may be | earned by counting a frequency of occurrence of coding synbols and

i nformation repgesgRhiRgG &P ahaki | IAytE%raruﬂgaﬁat WS pASsHELIING. PheR a
given transm ssion unit has been 10 ‘coded, may be nultlplexed into data

consUthlngeaammSEﬂu@aetﬁﬂnem&xn@nsyanls may Wethkldthespined s

possi ble to continue codi ng across bounds of transm ssion units by
i nheriting, |mﬁ%ﬁﬁdopﬂréﬁﬂ?ﬂﬁQDQ%eoéaﬂhﬁﬂd%ﬁ+¥ﬁﬁeﬁ%ﬂ%ﬁalﬁ?QEﬁs@atus

the synbol babi, | t | t t d f
Cesi T ence and HiE, B COLRGaS 110 SRS o i PR kOB resul t.
In accor dange Maﬁaéegltglé@énéfa%aél@ﬁcaﬁ'ﬁ% 20 gEPar-iys, and 3, digi tal

si gnal decodi ng nethod according to the present invention, a déecoding
process nmay beodwmrabnaajmmgnbdecnﬂaﬂge@fhyt¢@msnnssyam Gimietqi snsyart ed

based on information o
of occurrence of coding symbols and information
representing a probability learxrning status,
occurring when a given transmission unit has been

10 coded, may be multiplexed:into data constituting a
subsequent transmission unit.

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

15 status or the symbol probability learning status.
Thus, a high degree of exrror resilience and an
inproved 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 initiallzed when decoding of a
transmission unit ig started, based on information
multiplexed into data constituting the transmission

5 unil and represeptiiyg a0 alithmeillc oeding slatus.

Alternatively, a probability of symbol occurrence

used in decoding the transmission unit may be

initialized when decoding of a transmission unit is
started, baged on information multiplexed into data

30 constituting the transmission unit and representing



y, a probability of synbol Occ used in decoding the transm ssion unit may
be initialized when decodingion unit is 7 a symbol occurrence probability
| earning status, the conpressed digital signal received in the units may be
decoded, by determ ning a probability of ocgurrence of restored synbols,
based on dependence 5 of the digital signal decoded on the signal included
in one or a plurality of adjacent transm ssion units, and by |earning the
probability by gogphbeg addeguencye ofrbbanicst oyedesymhotg. sWeitnshi s,
proper decoding is possible in a 1-0 situation where the coding -apparatus
-conti nues codi higeacrops drouads ddfg trahssilggioh wAPEd Ve FAhdéliaingits

instead of resettin the ari tic.coding status for er_ transm ssi on
units or the pr%%bgﬁ q%%?ﬁir”&}’st%%& B ER @Ewali”’r#'éﬁ YOF° ¥HE
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shows an ar bt hn@f i €heodiing £ £8Ulkti gen a@adﬂw@sen"mﬁd.ﬁﬁﬁEﬁlls
arithnetically coded. Fig. 3 shows a construction of a video coding

appar at us (d|glL@TIsdgdahdcodnngOapparaﬁusyibmtﬁraﬁngﬂibaﬁeﬂf? Fi g.

4 shows a construction of a video decodi ng apparat us (dlglt gnal
decodi ng appar at T} SBES R Mgt P Uhe #PHsPYenbdar ferits propabiiaty

by counting a frequency of the restored symbols.
With this, proper decoding is possible in a
w10 gituation where the coding .apparatus«—continues
coding across bounds of transmission units, by
inheriting, instead of resetting, the arithmetic
coding status for earlier transmission units or the

probability leaxrning 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)
saccording to a first embodiment of the present
Fig. 4 shows a construction of a video
decoding apparatus (digital signal decoding
apparatus) acceording to the first embodiment.
Fig. 5 shows an internal constructlon of an

30 arithmetic coding unit 6 of Fig. 3.



Fig. 5 shows an internal construction of an 30arithnetic coding unit 6 of

Fig. 3. 8 "Fig. 6 is a flowhart showi ng processes perfornmed by the
arithnmetic coding unit 6 of Fig. 5. Fig. 7 illustrates a concept of a
context nodel. 5Fig. 8 illustrates an exanple of context nodel for a notion
vector. Fig. 9 shows a slice structure. Fig. 10 shows an exanpl e of

bit stream generated by the arithnmetic coding unit 6. wlO-,Fig. 11 shows
anot her . exanpl e- of bi Fitst & epdn gemaaicth by khewaing hpebice codisng unit 6.
Fig. 12 shows anot her exanple of bit stream generated by the arithnetic
coding unit 6. Performed b gtha3aghidenenicncardiaty condtr yct®n fofg ans 15

o hret o decoding, upkt, 2% o Fiigtnat % e 4 R gL 005
internal constrygldon, of the
5 Fig. 8 illustrates an example of context model
for a motion vector.
Flig. 9 shows a slice structure.
Fig. 10 shows an example of bit stream
generated by the arithmetic coding unit 6.
© w0+ oo wFig. 11 shows another- example of bit ‘stream
generated by the arithmetic coding unit 6.
Fig. 12 shows another example of bit strean
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 flowchaxt 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 rigqg.

i5.

Fig. 17 illustrates a context model learning

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

Fig. 19 shows an interpal construction of the

30 arithmetic decoding unit 27 according to the second



arithmetic coding unit 6 according to a second 20 enbodi nent of the present

i nventi on.

arithnmetic coding unit 6 of Fig. 15. Fig 0 17 ii.

Fig. 16 is a flowhart show ng processes perfornmed by the
| ustrates a context node

| ear Fig> 18 shows an exanple of bit generated by the arithnetic coding

unit 6 according to the second enbodi nent - Fi g.
construction of the 30 arithnetic decoding unit 27 according to

i nt er nal

19 shows an

the second 9 embbdidientnt. Fig. 20 is a flowhart show ng processes
perfornmed by the arithmetic decoding%unit 27 of Fig. 19. 5Fig. 21 shows an

exanpl e of bit strearf §®neldt éf by

evEhiathned PO W Nt 8RS %8> Accor di ng

hird embog] - i
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describing the pest node for carrying out the invention with reference to
the attached draw ngs. First enbodi nent
5

- 10

15

20

30

Fig. 21 shows an example of bit stream
generated by the arithmetic coding unit 6 according
L6 a thicd embodiment of the present invenvion.
BEST MODE FOR CARRYING OUT THE INVENTION

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

Pirst embodiment

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

by uniformly dividing a video frame is a coding

unih.,

iy, T oabhows o oonagterogebioan of on o oidon

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 forxr each of the

macroblocks of an input video signal 1, using a

YI.NG OUT



15A first enbodi mnent of the present invention is presented using an
exanpl e, disclosed in D. Marpe et al. "Video Conpression Using
Cont ext - Based Adaptive Arithnetic Coding", International Conference on

| mage Processing 2001, in which 20 arithnetjc coding is applied to a video
codi ng schenme where a square area of 16 x 16 pixels (hereinafter, referred
to as a nmacrobl ock) produced by uniformy dividing a video frane is a

coding unit, appaffaiisnéd Gidade Si 98Rb Qi D aPRHAMdISheA6Rqf A8 RY 4O the
first enbodi ment of the present invention, Referring to Fig, 3, a notion
estimation unit mM2tehanr acomparart Donveatidr 5 fonsganicioé the SOporarobl ocks
of an input video sjgnal 1, using a 10 reference inmage 4 stored in a frame

1
menory 3a. A nDPirﬁrﬁ“c‘b%_@néé‘ﬁ%g%nP?S?%dh%tFU@t ot 1 RAPBLAT ¥ edi ct ed
i mge 8 based °@x%qgﬂppé§°§QYQ9L§rmgt?éﬁ{?%éfgmg%i%ﬂf ggikog.gg%lnatlon

unit 2. A 5 subtractor erm nes a erence ween 't he i'nput video

signal 1 ands theupradisted isMRGE:BeaNd nQU PAt § iR i {éer BRARy@SnaR he
tenporal prediction error signal 9. A spatial prediction unit 10a refers to
the 10 input vi depudi gnéfiet sdasalolgenet atecapspatiatepr édizcg&on amror
signal 11 by nmaking a prediction fromspatially neighboring areas in a

gi ven vi deo fraffBrPAtodtR§ Fode YREBEM ot | DR GSMP R sePE@Ei Gt fpae

capabl e of codi I obl ock nmost 15 efficiently and outputs
codi ng node inf%?ﬁ%ﬁi%%gqéﬁﬁ?%é node sel ected by the code node

determ nation unit 12 bghagione pfeaitmiion gaTRENSAL | pBrinde £8r +§Qdi ng
the tenporal prediction error signal 9, a skip node for a case where the
mot i on vectldr 5inpu20 wedecasddrelt dnmsar ad ¢ predigeticanater ar spgnaki9 has a
nul | conponent, and an intra node for coding the spatial prediction error
signal 11. prediction error signal 1I by making a prediction
from spatially neighboring areas in a given video
frame. A coding mode determination unit 12 selects
a mode capable of coding a target macroblock most
15 efficiently and outputs coding mode information 13,
the mode selected by the code mode determination
unit 12 being one of a motion compensation mode for
coding the temporal prediction error signal 9, a
skip mode for a case where the motion vector § is
20 zero and the temporal prediction error signal 9 has
a null component, and an intra mode for coding the
spatial prediction error signal 11.

An orthogonal transform unit 15 subjects the
signal selected for coding by tﬁa coding mode
determinatlion unit 12 Lo crvhogonal Transiorw 2o as
to output orthogonal transform coefficient data. a
guantization unit 16 guantizes the orthogonal
transform coefficient data with a granularivy
indicated by a quantization step parameter 23

30 determined by a coding controllexr 22,



An orthogonal transformunit 15 subjects the selected for coding b.coding
node to output orthogonal trarfficient data. A quantization unit 16

guanti zes the orthogonal transformcoefficient data with a granularity

i ndi cated by a quantization step paraneter 30 determ ned by a coding
controller 22 11 An inverse quantization unit 18 subjects orthogonal
transform coefficient data 17 output fromthe quantization unit 16 wth the

granul arity indicatedahy itihee gantfizat ¢ PR astiem Pk aFetier A 58815 i nverse
orthogonal transformunit 19 subjects the orthogonal transfofm coefficient

data subj ected tortlhwerse lquanshgdbiron dyeflid.dinvet sdaquaritl zatic@gmwni t 18.
A switching unit 52 selects for output the tenporal predicted i nage 8
out put fron1theﬂﬁﬁ@dﬁhfoﬁﬂﬁ$%h§éﬁ¥ﬂﬂlHW%t71&'%ﬂEBaﬁWﬁ P¥ 2ERdtAgd! Eymge

20 tput f t; - Lal I cti it oo d ith th
coding mode | nf Gt ok s HucohE PR hee EaRg hEle PHOTIRE R ot (AP

12. An adder 553 jad#sr 4 Beo@utHBo fhdnalr 44 9bi-he P Wi tchiyigh 8Bkl 52,40 the

out put signal fromthe inverse orthogonal unit 19 so as to generate a | ocal
decoded i nage 2¥rdrtbstords tiens foald ywaetdded d¢magéa2k isnl heckreane: o

menory 3a as the reference image 4. 20 , An arithnetic coding unit 6
subj ects codi ng*d&td § nBREd nh? f Ré Ot bnt P&ctidiV BT Sh& "eott hgakdden

oo et gt S8 Lo, LSRRG TBRAp, g EHOR0R! ol BRI
a temporal predicted 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, sc as to ocutput a coding result via a

sion buffer 24 as compressed video dava 26,
The coding controller 22 controls components
including the coding mode determination unit 12,
the guantization unit 16 and the inverse
guantization unit 18,

30 Fig. 4 shows a configuration showing a video



conpLes The coding controller 22 controls conponents including the coding
node determnation unit 12, the quantizationand the inverse quantization
unit 18. 30Fig. 4 shows a configuration showing a video 12 decoding
apparatus (digital signal decodi ng apparatus) according to the first

enbodi nent of the present invention. Referri2ng to Fig. 4, an arithnetic
coding unit 27 perfornms entropy decoding 5 so as to restore paraneters

i ncluding the nption vector 5, the coding node information 13, the spati al
predi cti on nodelecRdiRg arRIdEBHNS codfBitdideht S dgra 1 7d8RAMHY quant i zat i on

ot hoganal - coePHT EAE A & 950 5HE et QUi A0 FoT SUBRCRATAHRE of Tt he
restored by th%fggégqe@d%égggggng}ugkgr%@gé)Eequg;_qqu%h;ation. The
i nverse orthogonal transformunit 19 subjects
' arithmetic coding unit 27 performs entropy decoding
5 80 as to restore paramreters including the motion
vector 5, the coding mode information 13, the
spatial prediction mode 14, the orthogonal
coefficient data 17 and the quantization sfep
parameter 23. The 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 quantization.
The inverse orthogonal transform unit 18 subjects
the orthogonal- transform coefficient'data 17 and
15 the quantization step parameter‘ZB thus inverse--
quantizeé to inverse orthogonal transform.
The motion compensation unit 7 restores the
temporal predictea image 8 using the motion vector
5 restored by the arithmetic decoding unit 27. a
/20 spatial prediction unit 10b restores the spatial
predicted image 20 from the spatial prediction mode
ldrrestéred by the arithmetic decoding uwnit 27.

A switching unit 54 selects fox output the

temnaral nredicted images B oy the gwmatial nredicted
I8 8 4 (5 . ¥ Dy et e

25 image 20 in accordance with the coding mode
information 13 restored by the arithmetic decoding
unit 27. An adder 55 adds the prediction error
signal output from the inverse orthogonal transform
unit 19 to the output signal from the switching

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



t he orthogonal transformcoefficient data 17 and 15 the quanti zation step
paraneter 23 thus inverse-quantized to inverse orthogonal transform

The notion conpensation unit 7 restores the tenporal predicted i mge 8
using the notion vector 5 restored by the arithnetic decoding unit 27. A 20
spatial prediction unit 10b restores the sﬂétial predi cted i mage 20 from
the spatial prediction node 14 restored by the arithnetic decoding unit 27.

A swi tching uni &eééd%%efﬂéggorz 10U££Ugt5*}%c{ &ROL & L PL efieniilfds LMage 8

or the spatial 1nage ccordance w th the coding node. | nfiormation 13

restored by theaaritbhmr! i¢sdaced Nge HBirh t27.a APraddert S afdsd heor a
prediction error signal output fromthe inverse orthogonal transformunit

19 to the out putrsignalulisequend swt thienge3todinidt iswage ad .to output a
decoded image 21. The 13 decoded image 21 is stored in a_frame nmenory 3b
so as to be used to gerf?afeE @il ¥idd iMRePPord W FRafE dubRequent to

orroged B FILARCREE A Ll A PE B Bbat cmc ol o

apparatus and the video: glecoding @ppaksativs; Wkl che: outlikbedoding
apparatus and the video decoding apparatus will be
outlined.

(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
vectoxr 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 temporval predicted image 8.

L5 The subptractor 51 then outpuns the axlisrsnce, the
temporal prediction error signal 9, to the coding
mode determination unit 1Z.

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

30 prediction error sigpal 11 by making a prediction



(1) Qutline of the operation of the video 10 codi ng apparatus The i nput

I mage signal 1 is input in units of nacrobl ocks derived from division of

i ndi vidual video franes. The notion estimation unit 2 of the video coding
apparatus estinmates the notion vector 15 5 for each macrobl ock using the
reference inmage 4 stored in the frame nennﬂ% 3a. The notion
conpensation unit 7 constructs the tenporal predicted i nage 8 based on the
notion vector n Dt |k gn t Lon_unit Xt ract g, h |on
vector 5o o rHRENebAR SR R O S d AR S earbr i Thbge 6
fromthe notionfegrpensation unit 7 and determ nes a difference between the
I nput imge signal 1 and the tenporal prediction error node determ nation
unit 12. The spati al Teediet idd megbe 8defralrnoina biphe wbdi nd210e 1 ¢4throm

spatially neighboring areas _|n a given, video frane T?e ﬁgding node
det erni nation Uhi?°48 S&RARLSa Ofod® LhRgbPe G €0Hi A F IR §E MRF bbl ock
nost 5 efficiently and outputs the coding mode information

12 to the avithmetic coding unit 6, the wmode
selected by the code mode determipation unit 12
being one of a motion compensation mode for coding
the temporal prediction error signal 9, a skip mode

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

15 determination unit 12 outputs the temporal
prediction error signal 9 to the orthogonal
transform unit 15 as a signal that regquires 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 72 to the avithmetic coding unit &

£ & anformation that regulres coding. When Lhe intra
mode is selected, the intra prediction wode 14 is
output from the spatial prediction unit 16a to the
arithmetic coding unit & as information that
reguires coding.

30 The orthogonal transform unit 15 receives the



5 efficiently and outputs the coding node information 13 to the arithnetic
coding unit 6, the node selected by the code node determ nation unit 12
bei ng one of a notion conpensation node for coding the tenporal prediction
error signal 9, a skip node 10 for a case where the notion vedtat 5 is zero
and the tenporal prediction error signal 9 has a null conponent, and an
intra node for coding the spatial prediction error signal 11. \Wen

sel ecting the nqtj redicti « the,codi 5 t.er m natjon unit
12 outputs the téﬁ%%?gleg%gdfggﬁggggfréguéfg a?g§ﬂfgfﬁ%ecg?fﬁgggﬁgﬁe
transformunit Yetascwishghaln thaltr agui resnpsedicRg.cMbenigalect{gg the
intra node, the coding node determnation unit 12 outputs the spatial 20
predi ction erroexilgngdndl tto darmheforwhegohabutpanst drine umes Whtasta signa

that requires coding. Wien the notion prediction node is selected, the
motion vector 59FFRARPRR LT EHARRECKRSL iCeEELPAeRdn ddFE 20 ke

arithnetic cgdi i & [ i-on node is selected, the intra
prediction node%%fHﬂ%l%€¥%§P B&g%g?%g°spatial prediction unit lea to the

arithmetic coding unitwé gsddf Qpmetian (hat rnequidesi¢edi ng;30The
orthogonal transformunit 15 receives the 15 signal that requires coding
from t he codi ngowtde atet i mcnstn ®houmi ted@f £ subjeedt siahe Sirgmal the

ort hogonal transform and out puts the resultant orthogonal transform
coefficient dat 8*EFAIPBL qEERISECTBN WhE 18, ahck YRARLAZRT ohhenit 16

e b LML RIS PUSRELL LD 8k JAPR VIS 6700
wth a 0 granvlarity indicated by the quantization parameter
23 determined by the coding controller 22.

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

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

20 the residual volume 25 of the data that remain in
the buffer. For example, when the residual volunme
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

<5 Lhal the guality is improved.

The inverse guantization unit 18 receives ithe
orthogonal transform coefficient data 17 frow the
guantization unit 16 and subjects the crthogonal
transform coefficient data 17 to inverse

30 gquantization with the granularity indicated by the



10 granul arity indicated by the quantization paraneter 23 determ ned by the
coding controller 22. By allowi ng the coding controller 22 to contro
the quantization step paraneter 23, appropriate bal ance between a coding
rate and 15 quality is ensured. Cenerally, .tthe volune of arithnetically
coded data stored in the transnission bufféP 24 for transmission is

exam ned at predetermned intervals so that the quantization step paraneter

23 is adjusted yoaa&GAdanee WibB 3hthRekeY dual volune 25 of the data
that remain in the buffer. For exanple, when the residual volunme 25 is

| arge, the coding ratihé siceatrsel |cdthogbedlow ands fwiren dihetr 6 dual

volunme 25 is reIaLLver smal | ,coCL s controlled to be high so qua
The inverse quafbPZ&ETEn WM t © 18 DOSIRR § és Ll HFY B gBASIE GFahsndr Mata

coefficient dat I t.he quantization unit 16 and suybjectC ort hogonal
16 quanti zat i ongls“t?j Sfcé%;&ar}‘e? e?’H§§.r eq}lﬁ?:eérlszea%]r?lﬁoggn;{lm? r aR¥FFf unit 19

subj ects the orghegenalattiraAnsi QLm aaef£iCiigile 48d 3o rthoSili £t ed to inverse
guanti zation by the inverse 5 quantization unit 18 to inverse orthogonal

transform trnefewnmt.ching unit 52 selects for output the tenpora
predicted image 8 output fromthe notion conpensation unit 7 or the spatial
predicted i mage 10 283GutPUItFhéma HED SpatiZals Pl edr et ifer uPPE PG, thea

cgeor dance, w U ihogd 9 IPHE. LU RLLOR 3 BuLPUE SO Renaad 9 moce
motion predicticmpedeatlitth sy iehiinG #Nthed%patial predicted image
10 20 output from the spatial prediction unit 10a, in
accordance with the coding mode information 13
output from the coding mode determination unit 12,
When the coding mode information 13 indicates the
motion prediction mode, the switching unit 52
15 selects for output the 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 ocutput 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
decadad imaga 21 iw stored bu bthe frame newmcoy da
ag the reference image 4 80 as to be used for
motion prediction for subseguent frames.

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

30 information 13, the spatial prediction mode 14 and



15 selects for output the tenporal predicted inmage 8 output fromthe notion
conpensation unit 7. When the coding node information 13 indicates the
intra node, the switching unit 52 selects for output the spatial predicted

i mage 20 output fromthe spatial 20 predict oy unit 10a. The adder
53 adds the output signal fromthe smﬁtching unit 52 to the output signa
fromthe inverse orthogonal transformunit 19 so as to generate the locally

decoded i mage 2kndherihBGRnbS & P8 LY BNENCEiaTRge; dy804a% o O Peyysed for
notion predictiosubsequent frames. The arithnetic coding unit dat a

i ncl udi ng t he netritomopectodimg theceadiingg mode s3Gipyd odaBtirdm @, leher
spatial prediction node 14 and 17 the orthogonal transform coefficient
data 17 to entr &R Ut-AY tacddreli pgdtia stepsudéscribeh fat & g isstiput s

t he codi ng resul iat transm ssion buffer 24 as the conpressed video
data 26. 5(2) Oﬁﬁﬁ%ﬁfc?gtﬁg opET aF PBR *G1= £ RE Vfdgﬁadgﬁgﬁi d ‘appar atus The
arithnmetic dgcoding uppg %ﬁnfﬁgﬁévg§ tee COpRLGSSEO, Vhdee dat@; 46 from the
vi deo codi ng apparatus and subjects the received data to entropy 10
decodi ng descri bed:ddates, appasatosrestore the notion vector 5, the coding

mode i nformation 13, the spatial prediction node 14, the orthogonal
t ransf orm coef fi ci ent TH&t & YBA HRYL fe dR@Ad i ngt ivoni 8t ép p@&RRYes 2de 15The

Lnverse quantt 2abh kil Lol § ) eGLe A N CFLBRIIRL 140 sy gRelfictent
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 gquantization
step parameter 23.

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

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

When the coding mode information 13 restored
by the arithmetic decoding unit 27 indicates the
wotion prediciicon mode, Lhe motlos compensation
unit 7 restores the temporal predicted image B
using the motion vector 5 restored by the
arithmetic decoding unit 27.

When the coding mode information 13 restored

30 by the arithmetic decoding unit 27 indicates the



guanti zation step paranmeter 23 restored by the arithnetic decoding unit to
i nverse quanti zation. The inverse orthogonal transformunit 19 subjects 20
t he orthogonal transform coefficient data 17 and the quantization step
parameter 23 thus inverse-quantized to inverse orthogonal transform Wen

t he codi ng node information 13 restored nnetiisc decoding unit 27 indicates
the .Ul:4muL LQU conpsat unit 7 restotes the tenporal predicted inage B the
notion vector .5 restored by the ¢ decoding unit 27. Wien the
codi ng node i nf difetd oMOER 1 ebhier 60 301 By PHEBEFTRPEL i @ndécdling unit 27
indicates the 18 intra e atial, ,prediction unit 10b, restores

de, th .
the spati al pre&ﬁ&te%r?ﬁ_a %Séﬁgitn‘f h8r§ﬁiéﬁta?dprl&ﬁ%?i of ARikngs4 the
restored by thef%%&%ﬂ?ft?gmﬂ? 8?%8% %ﬂ53e2igi5féghBE%L§“B§ ket ween the

spatial prediction unit ao e video codi ng apparat us” An hn spati al
prediction unitaiQhoiethe \deeeddecpdings: @waratus is that, while the

spatial prediction unit 10a is capable of performng a step of nost 10
efficiently+dentifyikhgdtifef spanical predicen dhaode a4l kommedacicdton of
avai l abl e spatial .prediction nodes, the spatial prediction unit 10b is
limted to genePAtitng T he dpdthial Vredi ct el “itthge® 26 4ot t Ré* S pat al
prem‘“ion'ﬁmeséétwﬁﬁ b%éﬁf@@ion unit 10b of the video decoding
| apparatus 1is that, whi}e the spatial prediction
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 fronm
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 spatial prediction 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 salected‘image
tc the %dﬁér 55 as the predicted image.

The adder 55, receiving the predicﬁed image
Trom the switohing unit 54, adds the oredipssd

25 image to the prediction error signal ocutput from the

inverse orthogonal transform unit 19 so as to
obtaln the decoded image 21.

The dedcoded image 21 is stored in the frame

memory 3b so as to be used to generate predicted

30 images for subseguent frames. A difference between



15The switching unit 54 predicted inage 8 restored conpensation unit 7 or
the 20 restored by the spatial accordance with the coding 20 restored by
the arithnmetic selects the tenporal by the notion spatial predicted i mage
prediction unit 10b, in node information 13 decoding unit 27. The
switching unit 54 then outputs the selected® mage to the adder 55 as the
predi cted i mage. The adder 55, receiving the predicted i mage the 25i mage

to the predicti errol gnal output_ from | Qv «qrit.hogonal. fransform
unit 19 so as thSbgéi hee§edoded %ﬁa&qul%QTﬁéﬁgéggagdg?ngégg21 is
stored in the {2 crencdBBRN e SOHBS ViDS boad P geperatiar $radiact ed

30 i mage for subsequent franmes. A difference between _
the video decoding apparatus respectively hosting

the memories.

5 {3) Arithmetic coding and decoding

s detailed description will now be given of
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 binarxization
wnit 29 converts nultilevel data in accordance with
45 a binarization ruie detepmined Lo ata ol types on
coding data. The probability generation unit 3¢
assigns a probability of occurrence of binary
values (0 or 1y for individual bilpaxy sequences
after binarization. The coding unit 31 executes

30 arxithmetic coding based on the probability_thus



19 the frame nenories 3a and 3b consists in the difference between the

vi deo codi ng apparatus and the video decodi ng apparatus respectively
hosting the nmenories. 5(3) Arithnetic coding and decoding A detailed
descriptionll now be given of arithnetic coding and decodi ng according to
the features of the present invention. A cotfng process is perfornmed by the
arithnetic coding unit 6 of Fig. 10 3 and a decodi ng process is pe ferned

by th ith .
const ructf on of SHELTT PRRetiie (Bt d oty SepdrdiH neRas ay

5, the arithnetiigcodsfgsurinte 6 LATRE $ASeR A8t %;mﬂ@h& deyeny nation
unit 28, a binarization unit 29, a probability generation unit 30, "a coding

unit 31 and a tﬁhﬁuﬁésbensumge@@eéramdnnunstnﬁhtghéacentext nodel

determ nation unit 28 determ nes a context,K nodel (descrlbed | ater) defined
for each of 20 GRS HEBF10Fpes bF aBBAIRF HaPaitidt WF n§hehd HoiPen vect or

5, the codi node i nformation 13, at al_.pr 14 and the
or t hogonal P?ansforn1%ogffftlent dgﬁa . e 6ﬁﬁ§$+§ k?@ﬁaﬁﬂf 29 converts

nul tilevel data;ﬂe’liﬁ&@@ééaﬁ?e W & ha@@t-gh@eprgb@“bjdiﬁ? generati gn assigng a
probability of occurrence of binary values (0 or or individual binary

sequences after bi narixat‘:bmxrteT:he"modiengi&miarnﬁilcaxmut eso3C @i {lsrmadp C
codi ng based on the probability thus 20 generated. The transm ssion unit

generation unit®
A context model is a model that defines

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

15 probability.

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

20  which ctx is applied changes depending on the
condition.

In video coding according to the first
embodiment, the value for ctx is switched from one
to o another Ln acoordance with interdependence

L5 petween ¢oding data Loy a given Macrobiock and
c¢oding data for a nelighboring macroblock.

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

30 Adaptive Arithmetic Coding®, International



indicates the timng when the arithmetic codi ng should be suspended and
constructs data constituting a transmssion unit at the timng. 5Fig. 6 is
a flowchart show ng processes perforned by the arithnetic coding unit G of
Fig. 5. 1) Context-node determ nation process (step ST1l). A context nodel
is a nodel that defines 10 dependence of prédbability of occurrence of data
synbols on information that causes variation in the probability. By

swi tchi ng betwe .qggp' [ Sl C n j t hot e dence, it
is possible to §§P$3%n16%%i%é a 5% %dpkgcﬁﬁggﬁgapggha il?%y.(gﬁpEQXQFig. 7
illustrates a ceseept WireoRexie N®Eght Wb R Omotich bveaty rdatm synmbol is
assuned. Options 0-2 available for ctx are defined on an assunption that

t he probabilitymstatodlgdckhe data synbols to 20 which ctx is applied
changes dependi ng on the condition. In video podin& according to the
0

first embodi nent, thYAPEE I texFig s\t ched Ut Be to rfbthéP™ n
Coc e o 200 B8R SAP Lo G on, peo U pEeplaetenies an
D. Marpe et al.erVodeouDRpEgssipnatsirag Lant ext-tBased 8QeAdaptiye
Arithmetic Coding", Internationa
vector for block € and a prediction thereof from
its spatial neighbors, 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(dA) 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 larde 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

£ estimatea.

Aside from the motion vector, context models
are defined for coding data including the coding
mode information 13, the spatisl 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 block C and a prediction thereof
fromits spatial neighbors, is coded. ctx_rAfd(C, k) indicates a context
nodel . 10nvdk(A) indicates a notion vector prediction error for block A and

dk(B) indicat npt.i.on,. t di Gt f . K(A d
TOK(B) are usedora Mol et ay Sual Tared oirne shrey CRFtarsy ML g

bet ween cont ext aBéentat 16 The @Mpl ¥at ad ivalue ek(€hd ndigabes s y@ihation
in notion vectors in the neighbors. CGenerally, if ek(C is small, nmvdk(C)

will have a snaRppra@fit@ideThlef kil Op xits moataye, diett dxgnimwa bipinkelyithats
mvdk(C) wi Il hav | ar ge, magni t ude. 20QAccordj ngly, the, probabiljty of
occurrence of s?ﬁbglhéa it hb 8 _ l"sh%ﬂﬁdl“ﬁeé%“b_% épﬁ%yﬂa °bése‘5cff30?|c§l%(@). A
cstimte. i thQaedsale PRERE A8 ArbRelL AR e R Lhr By obabi 111y
‘e fromthe notion vecipEc e extoRdel s feadef inade{ or acodidgagatia «
including the coding , nodeillation. 13, the spatial prediction node 14
estimate variation 1s described as a probability
generation process in 3) below.
2} Binarization step (step ST2)
10 The coding data is turned into a binary
sequence by the binarization unit 29 so that a
context model is applied to each bin (binarxy
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 S5T3)
As a result of the processges 1) and 23} above,
&5 Bruarization of Lhe mulitilevel 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 varlations giving an
estimate of the probability for 0/1., The

30 probability generation unit 30 refers to the



22 coding unit .6 of the video coding apparatus and the arithnetic decodi ng
unit 27 of the video decodi ng apparatus. The context nodel determ nation
unit 28 of the arithnetic coding unit 6 of Fig. 5 selects a 5 nodel defined
for a type of coding data. Sel ection,,froma context nodel, a
probability estimate variation is describedzas a probability generation
process in 3) below. 2) Binarization step (step ST2) 10The coding data is
turned into a bicaiyegsequenrtel biecthendined i zat saepnst1290sad hab a cont ext
nodel is applied to each bin (binary |ocation) of the binary sequence. The
rule for binari Z&nopate thecpopbahdd iy hof hecganerances ol s@ /iLbutt on of
val ues of the codi data. A variable-length binary -sequence results. By
codi ng each bin § A of directly subjecting the nmultilevel coding data
to arithnetic coding, «the f Qi vigsi 0 baki .ty Line, | 0
reduced so that corrpuf%?i'onwir%ﬁéfq%plaﬂiée%%ug@%&stb%i ﬁg% %glta!loﬁrl\gh%g ?dni?.gt
of sinplifyihg a&kant exd rmeael ect3pnProababhéi py ogedtes atikgn prigsess (step
ST3) As a result of theesl) and 2) above, setting of a context nodel
appl i ed to eachBiabalrel t6ipletedr 2The bitnsi tir 8 tnole ¥ eady. rfest tbdi ng. Each
cont ext nodel includes variationsﬁgiving an_estimate o é%hggProbability for

0/1. The 30 proBdBiityeHedérti® ofittri 307 eFer & %W’E‘L EonfeXt®hodel
0L oed b SRS 8 1y SSDELAA L pLobSHY Ehbyel peeuyrence o
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 ST3-5T7)
As a result of the step 3), the probability of

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

20 The actual coding data 32 (0 or 1) is fed back
into the probability generation unit 30. The
frequency of occurrence of 0/1 is counted to update
the variation of probability estimate in the
context model wsed (step 5T5L).

e e

AU LD dpmumoed, Ao, Wasno o4 o woitsl

PR A
¢f 100 bhing have been coded using a variation of
probability estimate in a given context model, the
freguency of occurrence of 0/1 under that variation
of probability estimate is 06.25, 0.75. When 1 is

30 subsequently coded using the same variation of



5 ek(C) for selection of the probability. The probability generation unit
30 determ nes the eval uated val ue such as ek(C) shown in Fig. 8 for
selection of the probability. The probability determ nation unit 30
accordingly exam nes options 10 available in the context nodel referred to
and determ nes which variation of probabili%y estimate is to be used for
coding of a current bin. 4) Coding process (steps ST3-ST7) As a result of

h 3), th bil] f. 15 f 0l f
ar | thot i o codt R3GICet b S0 ARACE Aot T | SO ORoR Tl ihbr Py 4 PRgS

arithnmetic coding 1s

Accordingly, thercoding ¥pkhidh PEET ehER ald bb@bcioﬂia? ag descri bed
with reference to the related art (step ST4). 20The actual coding data 32

(0 or 1) is fedopaskrianoet he probabil upyd agernker abi 6n Mt 80.75The frequency
of occurrence of 0/1 is counted to update the variation of probability
estimate in theACoEdndotel tiskd rerdgrdry. 8fLic0 P hsCRABeen coded

[T equency of - ocBUPPIRL &1 DI Mgah eane U bf L ESossh P Ery st it o s
0.25, 0.75. Wiepyksii$:130, subsequently coded using the same variation of 24
probability estimate, the frequency of occurrence of 1 is updated so that
the probability of ocouraehcdnodt €1 ciesiaupnt gdnba L 247py0.tABR. cAadargdi ng
to this nechanism efficient coding 5 adapted to the actual probability of
occurrence is pB8dith|3d from the coding data 32 (0 or 1) 1is 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 ST7). If the coding has

15 not been completed, control is returned to step §T3,
where probability generation for each bin and
subseguent 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
ST8-5T9)

Arithmetic coding turns a plurality of
seguences of coding data into a single codeword, A

45 spevial consideration that showld be given to a
video signal is that a decoded image should be
created in units of frames sa that a frame memory
igs updated. This is because a video signal is
characterized by motion prediction between frames

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



An arithnetic code 33 generated by the coding unit 31 fromthe coding data
32 (0O or 1) is fed to the transm ssion unit generation unit 35 and 10

mul ti pl exed into data constituting a transm ssion unit as described in 6)
bel ow (step ST6). A determination is jpade as to whether the entirety
of a binary sequence (bins) of the coding dat a has been coded (step ST7).
If the coding has 15 not been conpleted, control is returned to step ST3,

where probabi | i hyc@enela) i P8 fiQle £RER PN HNGh §HRFE I e EHERS: #08s in
performed. If it is determ ned that tKe codi ng process is conpleted, a
transm ssi on unakigémesialdohlpr ecesprdeserd bedt3a0 Felrowhs perfposedos

5) Transm ssion unit generation process (steps ST8-6T9) Arithnetic coding
turns a plurali®Bypléf ngedy igih colingg dutalpndeta siwghe aodeword,

n that shbe given.to a video signal is,that a decod i shoul d be
createdir1unitg°5F%é%%é DSSWﬁu£55 %ﬂﬁn?%@ﬁ%??i%?tﬁ%ggg& This is
because a V'Bjeot§hﬂ%?did§,ssi&ﬂ‘?r% ErE3ae 6 TR QLR &b 61 ke ek veen oy anes
30 and frane-by-franme display. Therefore, it is 25 necessary to identify a
boundary bet weenafr &n®s: i v abit et ¢ Calily ebnpnessed dag asmkEorl ¢ he tpuwrpose
of nmultiplexing with other nmedia data such as voice/audi o and for the
purpose of packét £5ameenghi ssikemp t fecfoptlesEsangatd $br 1€ HEMVEsaGN amay

bt rame unit FRRom ACRYEE S ERR GBI pp BaNEIT &y SgPAI Kb 4T of

plurality of naﬁgggbgghﬁg¢§ &ﬂ§5§53§g§nsqy rord@Fi.g. 9 illustrates a slice
C

structure. A nmacrobl o is encircled by dotted lines. Generally, a
slice strudtQure i s ugeryasgailnlids toateasynchiomiezadt oncitmoecoding. In a
typi cal exanple, slice data are napped onto a payload of a IP
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 paylcad of a IP
15 transport packet. For real-time IP transmission of
media data such as video which is relatively less
tolerant of transmission delays, real-time
transport protocol (RTP) is often used. An RTP
packet has a time stamp attached to its header
20 portion. Slice data for video may be mapped onto a
payload portion for transmission. For example,
Kikuchi et al. "RTP Payload Format for MPEG-4
Audio/Visual Streams", RFC 3016 describes a method
for mapping the MPEG-4 compressed video data onto
ain REP paviovad Lu units ol MPEUG-4 slices {vides
packets).
RTP packets are transmitted as UDP packets,
Since UDP does not support retransmission, the
entirety of slice data may not reach a decoding

30 apparatus when a packet loss occurs. If the coding



15 transport packet. For real-tinme IP transm ssion of nedia data such as
video which is relatively less tolerant of transm ssion delays, real-tine
transport protocol (RTP) is often used. An RTP packet has a tinme stanp
attached to its header 20 portion. Slice dq; for video may be mapped onto
a payload portion for transm ssion. For exanple, Kikuchi at al. "RTP

Payl oad Format for MPEG 4 Audi o/ Vi sual Streans", RFC 3016 describes a

met hod for mappigig duiss MPEGnd GONPEEsaad: ¥i 180 -l 1018 9e 8&¥m packets), RTP
packets are transmtted as UDP packets, Since UDP does not support;
retransmni ssion, i mmdtieny odf tShécdidatarday mdiioeachpprdgoodang 30
appar atus when a packet |oss occurs. If the codin 26 of subsequent slice
data is comﬁtiSW@&Qﬁﬂgnﬂérﬁﬁﬁ(ﬁP%Flﬂifcﬁgéérd%j%ﬂ?c%?@ﬁﬁﬁ%ﬁﬂﬁate

decodi ng is not _passi bl e, even i.f the syhsequent sljce ive at the
decodi ng appar atsﬁ‘slc? of hal fafrllyoﬁf £hi %q}%gg%ﬁ?dﬁtdqcsaﬁéégg?a%y to ensure

t hat any gi wen ggfﬁ%jﬁyproperly decoded in its entirety without resorting
to any interdependence.” For exanple, it should be ensured that Slice 5 is
10 coded wi t hout usi ngointarinatdonsofh: matt obkocks:essary to ensure

that any given slice is properly decoded in its
entirety without resorting to any interdependence,
For example, it should be ensured that S8lice 5 is

10 coded without using information of macroblocks
located in Slice 3 above oxr Slice 4 below.

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

15 conditions or to maintain the process of dividing a
probability line. To code Slice 4 and Slice 5
independent of each othexr, 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 ap initial state so
that coding is restarted. In this way, it is
impossible to exploit correlation that exits

betwesn the end of Siice 4 and the head of Slice &,

&% wesuliting Lo a lower voding efficiency. This, &
general practice in the design is that resilience
to unexpected loss of slice data due to
transmission errore Ls lmproved at the coest of a
decrease in the coding efficiency.

30 The transmission unit generation unit 35



| ocated in Slice 3 above or Slice.4 bel ow For inprovenent of
arithnetic coding efficiency, however, it is desirable to adapt the
probability of occurrence of synbols to surrounding 15 conditions or to
mai ntain the process of dividing a probability line. To code Slice 4 and
Slice 5 independent of each other, for exaﬁﬂle, a register val ue
representing a codeword of arithnmetic coding are not naintai ned when

arithnmetic codin f t.he 20 | ast C I | h: SLi.ce I.S; et r
Slice 5, the reafqgl:% rd:}“lnsg rgge?%teo%flggi %?ugdC'Es]lflgfa{el%sgﬂrtdﬁ’;]f&&gggianglﬁlgts:hga
restarted. In thha WY .apdabkatuPOssE bk @ ph® exPhothecdabBAbAN 1Rt oXits
between the end of Slice 4 andof Slice iesuitie9 ,Lua general practice in
the design is thae desildencHore uwexpedtied]bgs whegld dehgata due to
transm ssion aroved at _ 27 according tqg the firit enbodi nent provides a

met hod and an app&fdtud ¥y PAPrRAHgOENE 't ABFR WPt The design. More
speci ficall ¥% \A@gg%sgnr}eﬁqooggi (Qi Iri ty. ogsl %%&droémé 'gcgo t a due to 5

transm ssion errors is'éx”renéfyc1dML”|nter ependence between slices is not
di sregarded but;h$efllldpe exphokt ehtwean Mhenethespossi bilktygiriiess of
slice data is high, interdependence between slices may be 10 disregarded so
that the codi ngbetfiia ehcylyscagdptivelly controlled in units of

t ransm ssi on. . . .
When the possibility of loss of slice data is

high, interdependence between slices may be
10 disregarded so that the coding efficiency is
adaptively controlled in units of transmission.

The transmission unit generation unit 35
according to the first embodiment receives a
transmission unit designation signal 36 at the end

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

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

More specifically, the transmission unit

b generation unit 35 nmuitiplexes the auitimelic code

33 derived from the coding data 32 sequentially

into bits that constitute the transmission unit

(step 8T6). The transmission unit generation unit

35 determines whether coding of data fox

30 macroblocks that fit into a transmigssion unit has



The transm ssion unit generation unit 35 according to the first enbodi nent
receives a transm ssion unit designation signal 36 at the end 15 of a
transm ssion unit. The transm ssion unit designation signal 3.6 is provided
as a control signal in the video coding apgﬁratus. The transm ssion unit
generation unit 35 generates transm ssion its by partitioning the
codeword of 20 the arithnetic code 33 received fromthe arithnmetic coding

unit 31 in accoae@ﬂgg;a%gfefc@%,t Y Nge 0k NG d NPyt t@le thead §AHH S§HON unit

desi gnati on signal ecifically, the transm ssion unit

generation unituditmddd PhexescIs deghued fe ops thp o ng Whta Ix is
sequentially into bits that constitute the transm ssion unit (step ST6).
The transmi ssi ofetiginm igeper hhiadn aad i n85 tgethat b e Wihdt et TE6d Myfof dat a

f 30 bl ogcks that fit int t 1,SSI it 8 b
corpi ot od. by T EFEPERHE bOBhE T arbht s3tn AT et 3n STgharels

(step 5T8). dwengi ggﬁfkgﬁéqbn%%é¢mémgoﬁdmkﬂth@déjé@@eﬁmﬁﬂé%ioﬁf a

transm ssion unit has not en conpleted, control 5 is returned to step ST1

so that the detern:natd:oneet aoceant extimedels andeatbseguent asteeps are
per f or med. When it is determned that the coding to build the
entirety of a tpandwisidn unit is conplete, 10 the transm ssion unit

generation unit 35 caonstrucgts .a header f.or the, subsequent .t.ransm ssiaq nit
as described bel ow (Sien sib 13 ‘ge‘_“er!if‘.“ﬁ% thée éé’q%r‘ééfi&é‘é’ a7 efi’st
reset flag indicabi R WELPET o 1L 5L AL M4 difo nMiirCit: 125 deshgiiad €8 2
probability |Iine segnentation status, 1.e. an arithmetic coding process for
codeword repr esentatixGhskislidbaiiesegdnetheioaxtudiandfi siont yaictes | n

the initially generated transmssion unit, the register reset flag is set
20 to indicate @hheadsr régistde shvobddbeneskransmission 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

&5 Wiren the regisitéer reget Liag Lndicates Lidaw Lae

register should not be reset. As shown in Flg. 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 denerated by



2. The unit 35 provides an initial register value, which indicates a

regi ster value to be used to start arithnetic coding/decoding to

bui | d/ deconpose the next transm ssion unit, only register should not be
reset. As show the initial register value i, provided as an initial reg: 34
fed fromthe coding 29 the arithnetic coding unit 6. As shown in
Fig. 10, slide header data for conpressed video slice data includes a slice

start code, thethegiastisthhesdlc fdagingsamiitedsin 5 above, the initial
regi ster value nultiplexed into the bit streamonly when the register reset
flag indicates that the Bgvst eknshbdld ot Heéidesdieader dglih fnE added

i nformati on descri bed aboye, .sJice-to-slice conti ug% for arithnetic
coding i s 10 mof RRRESEP ek ViR FOLECoF AR BPECETY 81 PedSecuraY thy
using the regl§@338nquhafLégfg¥g£h§eb@g|§da5ewé§é¥iy@gygdrmduded in
the current slice header datd. Accordingly, thé coding efficiency is
prevent ed friom decowi,nghewinliiH gl 20gibawsr t halsld ceuwheagérexdat aiand t he
conpressed video slice data being nultiplexed into the same bit stream

Al ternatively, &8eshdévin hreiag Anlytheesl itcee hegders datrarméy el tabried in

te bit st f fli t 1 SSI d.20 th d vid
Siice data may FASCAMSRENhert of PBIFHIGH nPCGH ¢ eV err Pilg 0 The

corresponding slice Readgr 4t aaffehein® hQ:Ko® described above,

slice~to-slice continuity for arithmetic coding is

10 maintained even when loss of the preceding slice
occurs, by using the register reset flag and the
initial register wvalue included in the current
slice header data. Accordingly, the coding
efficiency is prevented from becoming low.

i5 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 Figqg.
11, the stream isg transmitted in accordance with
the ¥P protocol. The header data 1s transmitted

T I I LT T ARG S S S B S T SO O P Y

reliahility. The compressed video data Iis
transmitted using RYP/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



11, the streamis transmtted in accordance with the IP protocol- The
header data is transmtted reliability The conpressed vi deo data
transmtted using FTP/ ODP/I P characterized by small In
accordance with the separate transm ssion sgheme of Fig. 11 for

transm ssion of 30 headers and transm ssion units, the data 30 transnmitted

using RTP/UDP/ I P need not be partitioned into slices. Use of slices
basi cal | y requi hesngsetlteag w@fiddt redeperdencenteantraxt moedel ) between a
video 5 signal for a given slice and signals for neighboring areas to
ensure that decedicig tfiornadsliinde cahibesresuned i ndependent of the ot her

slices. This will bring about a drop in video . coding efficiency. 100nce
it is ensured, howevétSetRat HheCFhi PRSILG gtéF%ﬂ%ﬁ%§ F?ﬁ%&ﬁéﬁgtﬁﬁj

over TCP/!P. asi8RQudll flin AL ( SLARG.Y QA8 TR% S coded Ry dubly

exploiting the avail e context del's in Resul t ant

arithneticalty ¢ededidatsdyr MY 36rdD Bahkld inedsigndrangekssion prior to
RTP packetization. According to this separate transni ssion schene, the
fruit of arithnmetiighbodi hygprocessesci sncovst st antl yobediiAad Adx haut bei ng

affected by the conditions occurring inacircuit. 20_T€erefore, a bit
stream pr oducedSi-€Rodta R hkec FFt e At NG RNt 5t P& & d Tan be

transmitted, whihgcgnsuripgea ol atpyehy Rl deqreaop Lasiifase !o
errors. In an alternativeown in syntax conpthe raglag and the
coding efficiency.
10 Once it is ensured, however, that the initial
register status ig 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 RIP
packetization. According to this separate
transmission scheme, the fxruit 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 resgilience to errors.
In an alternative approach shown in Fig. 12, &

A 4 RGN P WS

A Y RS ehadas A b Y FREESANR i R S fi ol

s fe B e

syntax comprising the register reset flag and the
initial register value is to be used. Fig. 12 shows
a regigter reseb control flag, indicating whether a
syntax comprising the register reset flag and the

30 initial register value is to be used, being



initial register value is to he used. Fig. 12 shows control flag,

i ndi cati ng whether a syntax conprising the register reset flag and
the 30 initial register value is to be used, being 31 multiplexed into a
header attached to a vi deo sequence conpri§&ng a plurality of video franes.
For exanple, when it is determned that thé circuit quality is | ow and
stable video 5 transm ssion nay be possible by consistently resetting
registers throughoutipa 4 £lg0 iseYIeNCReatiRG A0l SEREJr asetaconided flag is
set to indicate that the register is always reset at the head of a slice

t hroughout the vkdeensequencerilsiddi s padsealltyheir egicdeer fnggets f| ag and
the initial register value need not be nultiplexed on a slice-by-slice

| evel . By control | i n§%egP3ReP resetbrlg dn &5 via&e *etiecd Naethe
over head infor”@&keﬂ'%tQﬁ[&ﬁﬁ%#1%4¥rf@%”%&&ﬁqségﬁuE@Qﬂ%fé$Ce i's reduced in
ﬁe, Specrf E n

si ze when, for eXanp i'éd Ccrrcuit conditio or exanple, a
specified eryortfahemi i &hl Gldivl )b Pepobslin 1 fNeyr e@inyd B8 teagaty control
flag may of course be attached to a header of any desired video 20 frane
(Nth frame, Nflthsgcane)y inegivitdeos sequenchout a viFdepr $8ashowsean
internal construction of the arithnmetic decoding unit 27 of Fi

The arithnetic HRBoHRAGSRE PPSUhpPPrBELod thhagnitssitht u];:lpt j%&%g?ﬁ‘ﬁa
ilﬂtializa“(ﬂlyﬂ££ %ﬂe register is always reset at the head of a
slice throughout the video sequence. In this case,
10 the register reset flag and the initial register
value need not be multiplexed on a slice-by-slice
level.
By controlling register resetting on a video
sequence level, overhead information otherwise
15 +transmitted for each slice is reduced in size when,
for example, a specified circuit condition (for
example, a specified error rate in a circuit)
persists. The register reset control flag may of
course be attached to a header of any desired video
20 frame (Nth frame, N+1lth 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 awpit 37,

- oy

<5 & oontext model detoerninatlion unat
hinarization unit 29, a probabllity 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



hina r izaunit 29, a probability generation unit 30 and a decoding unit 38,
The transm ssion unit decoding initialization unit 37 initializes, for a
transm ssion unit received, an arithnetic decodi ng 30 process, based on
added information related to an 32 arithnetic coding and included in a
header. The context nodel determination uni* 28 identifies the type of
data, i.e. identifying whether the notion vector 5, the coding node

i nformation 13, a&g%r}h%e ga%i ,%\%dggneéiigﬁaoqn@%d&é Qr, the, oL khegonal

transform coefficie i o be restored by decoding, so asto

determ ne a conggxk ¢MdGhoq8harRa HynliRe i deon £odi NG appanatiys andrhpe
vi deo decodi ng apparatus, for the identified type. The 10 binarization unit

29 gener ates a byparioZatd @har ulie aef ided tfiogfy 1he wberitli €1 etihdedout hgndat a

type. The probability generation unit 30 gives the pnobabigitx of
occurrence of eRERTHIE Y0 BRe1F 9 B cBPGhcEd IR ERATHC Bi hdri Zdt%on rul e

and the 15 nt mpdel . The decodin nit, 33 _pekfor I ti c decoding
based on thgpprgééﬁﬁ% )P?%%%Cgéﬁg}a gggégjg§§¥ogbgéfgﬁ%ﬁ§hg%%§tion vect or

5, the coding medenisifarndretsen 13, i 4he sRatd al 7phedicd 198 Bodae: ddeandyt he
ort hogonal transform coefficient 20 data 17 in accordance with the binary

sequence resul tilagoefiiem ars 6 haet it déeddimygl madat beo i et i madeon, rul e. Fi g.

14 is a flowhart showi ng a process perforned by the arithgetic decadi ng
unit 27 of Fig, 5Baret Mgnvhsi g deet Coedd iyBPRFASWH PPOcdde (SLEF°ST10)

B DSt L R e B TR 2P b
10 binarization unit 29 generates a binarization rule
defined for the identified decoding data type. The
probability generation unit 30 gives the
probability of occurrence of each bin (0 or 1} in
accordance with the binarization rule and the
15 context model. The decoding unit 38 performs
arithmetic decoding based on the probability thus
generated so as to restore the motion vector 5, the
coding mode information 13, the spatial prediction
mode 14 and the orthogonal transform coefficient
20 data 17 in accordance with the binary sequence
resulting from arithmetic decoding and the
binarization rule.
Fig., 14 is a flowchart showing a process
performed by the arithmetic decoding upilt 27 of Fig.
£5 i3.
6y Transmission unit decoding initialization
process (step STILO0)
As shown in Filig. 10, the gtatus in the
decoding unit 38 is initialized before arithmetic

30 decoding is started, based on. the register reset



33 flag and the initial register value 34 nmultiplexed into each

transm ssion unit such as a slice (step ST10), the register reset flag
desi gnating whether the register value indicating the arithnmetic coding 5
process is reset or not. Wen the register value is reset, the initial
regi ster value 34 is not used. 7) CAhtext nodel determination
process, binarization process and probability generation process 10These

formed, by, th del, d i,nat it 2
D1 nar zati on unf 130904 YK BPABabT 1 £ Sdenst ot f b ini 1F 3B aricWe: PR g

13. These processes aheH dephhbihed 8808t RS STdashSad espeehiowel yscbp the
flowhart and the 15 description thereof is omtted since they are simlar

to the context smdel) ,detter nt agtisanzpr peeex STlla gddptiifg mat as o heh@theess
1), the binarization process 5T2 identified as the process 2) and the
probabi l ity gendh@t ¥69 ittresyad e | Hafddichiten asthe el bhBedds 35077 nghe

vi deo codi ng appar at us. . ) Arithneti¢ decodin ss. (st ST11)
The probabi%it :%?08§€uﬁﬁ%n5858% 6Wﬁ_?8tbe ‘“%?0?58 %gggggﬁfﬁ?f@%fgﬁr&ﬁgh
the processes l)sd) , The decQding uniLo38 7St 058t hey vakue af bipg(step
5T11), decodi ng process described with"reference to the related art, In a

simlar configuratiorn jascdheexitdencdod rg:tappal.abds,cn herdesoms g unit 38
counts the frqugncy.of occurrence of 0/1 so as to update 30 the,
probability of RbER#FieEadeof BrRqatepasyb)probkability generation

process

10 These processes are performed by the context
model determination unit 28, the binarization unit
29 and the probability generation unit 20 shown in
Fig. 13, These processes are identified as steps
§T1-8T3, respectively, in the flowchart and the

i5 description thereof is omitted since they are
similar to the context model determination process
571 identified as the process 1), the binarization
process ST2 identified as the process 2) and the
probability generation process ST3 identified as

20 the process 3) in the video coding apparatus.

8) Arithmetic decoding process (step ST1l)
The probability of occurrence of bin to be

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

£5 {step 8%Tii:, in acocoydance with Lhe arithmetic
decoding process described with reference to the
related art. In a similar configuration as the
video coding apparxatus, the decoding unit 38 counts
the freguency of occurrence of 0/]1 8o as to update

306 the probability of occurrence of bin (step 5T5).



The decoding unit 38 further confirns the value of bin restored by
conparing it with a binary series pattern defined by the binarization rule
(step ST12). If the value of bin restored is not confirnmed as a
result of conparison with the binary series pattern defined by the

bi nari zation rule, the process identified d4 step 8T3 for generating the
probability for 0/1 of each bin and the subsequent 10 processes are

perforned Tor aygecand (] e, (ShaRs ST3¢, T4 S5 eSTh che vadle BE,

val ue of bin res | Succeéss matching it w

binary series pgihenRdeftd&dphy ddifpRLRall zal i PRthuke b imergatsa dbe s

i ndi cated by the matching pattern are output as the restored data. If the
decodi ng i s not pednplet eldbi.ntHe lgntthet piofaxt taasessionl ani(tstsaeh as a
slice (step ST1 t he context nodel determ nation process of step ST1 and

3),
t he subsequent 5&68ésses 20 are performed repeatedly until the entirety of

transm ssi Or}:‘ unit is dfect;lﬁ(gg]vgs‘l]ue OASbr.]!_a!‘lS Lbﬁgg‘gag%%crjl@egOtaﬁgk_pgeho the

first enmbodi'nent, fortr onh of conpressed video data ransm ssi on

units such as skikcgsyddhe i Akt @lnpegisber watHe 84 attashed ddhereto, the
regi ster resetc designating whether the register value indicating the
ari thmetic codi pgtpeacess:{ snedseéty othrob-infkccbedicngly, r#teis 1302 possi bl e
to performcoding without losing the 35 continuity of the arithmetic

codi ng process. PTREeESdi iRt ifdivchcysi § il AP né@ X WP BT At @sthPence
Lossipla oS! OMpEEEALT ey PEPY Y 1 PEEOUah % 1hoMNd A C9UE {quBhO
10 processes are performed for a second time (steps

§T3, sTil, STS5, ST12).

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

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

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

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

25 siice header data has the register Lilag and Lhe
initial register value 34 attached thereto, the
register reset flag designating whethex the
register value indicating the arithmetic coding
process is reset or not. Accordingly, it is

30 possible to perform coding without losing the



5In the first enbodinent, a slice structure is assuned as a transm ssi on
unit. Alternatively, the present invention is equally applicable to a
configuration in which a video frane is a transm ssion unit. 10 Second
enbodi nent An alternative configuratégn of the arithnetic coding
unit 6 and the arithnmetic decoding unit 27 cording to the second

enbodi nent will now be 15 described. In the second enbodi nent, not only the

regi ster val ue idwhephiRg t her st AbUS Of ¢ Bmeedet dla § hgMptRe: &L Kt hrmtd C
codi ng process but also the status of learning of a variation of

probabil ity estigwdengned ftiont ext ynodel ma $nmalitri gl exed it coide 20 slice
header. The status of /| earning occurs in the probability generation unit 30
as the unit upddi®sithengeodabi Frapsgiioedanr &FCBF d8cH PO VRS- exanpl e,

referring to Fi Lh the first enbodi nen in order to inproye the
mﬂthneﬂc:nnti%?%k%?%? ﬁ% Eﬁ%%§t§%$xﬁggﬁﬁo&§ ?§°e£&%§#§§ero
determ ne a yatof probabidyd yr €8kkMadeho AR NOLY & 1lifc DI PEKuE engCk B
are located in difference slices, the information on 30bl ock )3 should be
prevented from beinguedsedst @ Bbadetelrad hent ke ipr obabikirtye wf valdgur renge.
This nmeans that the coding efficiency is |lowered in_a design where the
probabil ity of &E&FPRhcéNvVEHHaPRi V&l yedeaddn moab bdrad 1€ conat éxt

configuration in which a video frame is a
transmission unit.

10
Second embodinment

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 dgeneration unit 30 as the unit updates
the probability of occurrence of each bin.

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

30 block B should be prevented from being used to



5 nodel . Accordi ngly, the second enbodi nent provides 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
control l ed such that the slice-to-slice intgrdependence in respect of
arithmetic coding is be disregarded but fully exploited in a case where the
probability of |oss of slice data due to transm ssion errors is extrenely

low and the sligetelinigeSkihee diwigenandense peyvharehseegarded in a case
where the probability of loss of slice data is high. Fig. 15 shows
an internal constructibhsomesdres arbahnatie codiing wf 1618860 di-Ag to the

second 20 enbodi nent. . A di fference between tggia%lihnetic_coding unit
6 according to LR¥SRRDNENeADSHTER® ARG ThetBFi PRARIRIE3G¥nS Tinit 6 shown

| Flg. 5 accordi g 0eh08! §U P bDEVRIAPADLLbiYes i [ @sBRgMH tEBLANAL
i nt oe header to the transm SsSion It gereration unit 35,

16 is a flowhapbgedxow .flg the process performed by the arithmetic coding
unit 6 of Fig. 3015. 37 An i mredi ately appreciable difference from
the flowchart of Fig.r8caccdrdiiy, tbhchesddest ambvud hrant $IqEL AR a

context npdel status 39 that occurs in the(g;ocess of . step,ST3 for
generating 5 t hBeFASHALR Rt ¢ lofd RRATA FEFce OF SPPHVFLBEcH™in, i.e. the

| earni ng status t . rs. d e :pr. il ¢ At Lt s it
updat est he.var PAGP o BESbaH 1FhY°dBEr, I SEoei Al G e
nul tipl exed intgithe whicR Readerrinskhe slilo headert coDastbdeld ohs process

(step ST9) in the transm ssion unit generation unit 35 for

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

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

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

20 embodiment.

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

2k gaperatlon anit 30 dellvers et model ztabtuos
39 to be multiplexed inte a slice header to the
transmission unit generation unit 35.
Fig. 16 is a flowchart showing the process

performed by the arithmetic coding unit & of Fig.

30 15.



constructing a header for the next transm ssion unit, in a simlar
configuration as the register value that occurs in the binary arithnetic
codi ng 15 process of step 8T4. Fig. 17 illustrates a context nodel

| earning status. A description will be givern of the neaning of the context
nodel |earning status 39 using Fig. 17. 20Fig. 17 shows a case where there
are a total of n nmacroblocks in a kth transm ssjion unj cont ext nodel

. A
ctx used only once i Arefined ifadre BacAPRET O BER &ﬁf%%@eBF&xﬁﬁ?Wt§ﬁ?1

ctx varies macrobiock to macrq .lock. nmpo. a fransmi §§j0n:ypLt to the next
transm ssi on un?f?’w? asrhﬁﬁs%tlﬁa‘t G[h%cf:ioﬁaq”{s a?éms%ytex%%-%) for the kth

Lransmi ssi o USehbols il @de ;50 iy CORL Ko et ninbaall f 86425013 91 ¥nik t he
Kjilth transmi ssion 30 unit, 1.e. the probability p0, pl of occurrence of

38 0, 1in ctxldat@msl)im®, the Drccemdeotio dieepqldB tioox hgeepesisdbi hioty pa,
p of occurrence of 0, 1 in ctxk(n-1). The transnissigp uni t ggneratLon uni t
35 transnit$ dathei paiczabagdithe ot a2 98U KK (AL /5 i hoFh&aadRiPef t he

k+lth transm ssjon uni.t. Fig. 18.ill r i strea ner at ed
by the arithnet%teCogﬂﬁﬁ hﬁﬁf“éjﬁgc%?%FHE #%$tﬁég§eggﬁﬁsghb3§i§gﬁ . In the

second embodi e, e ol Lgechsariers Lok 10 141e; 008 ssoedpubdan Sthee dat a
1N

has informatio I cating e context nodel status of the preceding slice
attached t her etwariiatadsht b@n pre Hdlei sliitge ot tinatedeinthecragisxtr reset
flag and the initial register value according to the first .
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 392 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 fox

each macroblock and the probability in cix varies

pacrohiock to macroblock.

25 Yhe contest model stabtus 3% 48 Laherited from
a transmission unit to the next transmission unit.

" This means that the final status ctx“(n-1) for the
kth transmission unit ils made to bhe eqgual to the
initial status of ctx in the k+lth transmission

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



15 enbodi nent shown in Fig. 10. In an alternative configuration of
the second enbodi nent, the register reset flag nmay include an indication of
whet her the context nodel status is multiplexed or not, in addition to an

i ndication of 20 whether the initial registigr value is nultiplexed or not.
A flag other than the register reset flag may indicate whether the context
nodel status is multiplexed or not conpressed video slice data being

mul ti pl exed i nt®,the iganetbit® (st+eanDd, Alit.erhatsvelagle asoi Bedespra betloi n t he
first enbodi nent theader data may 39 attached thereto | D information
referring to thENBoPFr&dRdiLAgYsiRee RegderTaparence oifgy lidhows an

internal constr kon of t ri.t. I ¢ decodi ng. uni 7. accor di to,the
second 5 enbodi ‘lrzjrg%t ?HA(idi'f P@%nkégbryg%%%ﬁ%ﬁﬁe_%?}?h?rqrrgﬁ%gag'ejggéi !ngﬂ_%utni%gZ?
according to therggeand enhediamanid apdeing arhéherbitdespdorg ynily 7
according to the first enbodi mrent shown in Fig. 13 is that the transm esion
unit decodi g ihittaki Zatadarumit SFel@+dftit heranisttirmetiendeodding unit 27

according to the second enbodi nent delivers the context nodel status 39 for
the i mediately precédihy $Bi de WFtrptéded i htd He MPRdBFTEF dhed by
probability gengrati uni so that t cont st at S

i nherited 15 f?%%?thgqf#ﬂ%%Fg%ef?“%%ggeagﬁﬁis?igé%&?%gﬁg t?ggﬁﬂ% is a

fl owchart show $f@c@nBr RGEsSSd PRk med by the arithnetic decoding unit 27 of

Fig, 19. A difference between the flowhart of Fig. 20 20 and that of Fig.
14 is that, in step SHLOcher strcansdi embonl iune b tdeddok ngl iniet iledadati dox t he
| 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 enmbodiment 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
nultiplexed or not, in addition to an indication of

20 wvhether the initial register value is multiplexed
or not.

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

25 Bicy, 18 ghowe the glice haasdery da2ta and She
compresgsed 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



context; nodel status 39 restored fromthe slice header is output to the
process of step 5T3 for g 25 each bin by referring to the context nodel
determned in step ST1. The context nobdel status 39 output to step ST3 is
used to generate the 40 large, carrying of the context nodel status in the
slice header introduces an overhead causedgby slice headers. In this case,
context nodels providing significant contribution to the coding efficiency
5 may be selected so that the associated status is multipl exed. For
exanpl e, notiomtvesthes andeoetdrogomal ntfoamsfoloncostfeerémyg dae athepr esent
a large portion in the entire coding volune so that the 10 status may be
i nherited for ttreseespemeskinmddisconhgadrie 49p8 -of context nodel for
which the status is inherited be_expli.ci j i nt 0 it
stream so that the statis igyéﬁgﬁﬁl88ﬂ%ﬂﬁ%£+%%g£%%§k?§§¥%é%r?gékhe
cont ext model s oL5; dependifda @R ol ofak ooi sbew ddahgoeelnent nswddany
ed,

As has been descri according to the second enbodi nent, for transm ssion

of conpressed wPniedddakat N Ardisnissenneunidisyeklne tshecerfigddeetdat a 20
has the register flag, the initial register value 34 and the context nodel

stat us i nf or matison: 4t tgched: thef etw; @ e ricnitd al Mredi St &R 124y~ dédigrat i ng

whet her the register value, indicating the arithngeti odi n pocess i s
reset or not, g‘dﬂj.tﬁﬁ ok b MRE TS IRGAE T At fid o?thgcic%ﬁg %'gelix?

Posing e contiihi Fy-or thipgeialSuby SRonr 48 PR CITTRE couthy T
efficiency is 3Q4mintaisnash whiilte d86oc8a%id i ENEE il Lrandmimssaont 37
10 of the arithmetic decoding unit 27 according to the
second embodiment delivers the context model status
39 for the immediately preéceding slice multiplexed
into the header to the probability ggneration unit
30 so that the context model status is inherited
15 from the immediately preceding slice.
rig. 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 fox
transmission unit decoding initialization, the
context mo&el status 3% restored from the slice

header is output to the process of step ST3 for

g S NSRRI e T T S PR N e Y T gt ey ey F a1 Foap—
; e PR LTY [ AL ARE SN 4 S S ¥ LA A WS4 AL

25 each bin by referring to the context model
determined in step ST1l. The context model status 39
output to step &YT3 is used to generate the

probability of cccurrence of ¢/1 in the probability

B
generation unit 30.

20 If ‘the number of context models is extremely



41 errors is inproved. In the second enbodi ment, a slice structure is
assuned as a transmssion unit. Alternatively, the present invention is
equal ly applicable to a 5 configuration in which a video frane is a

transm ssion unit. In the second enbodi ment, information indicating
the context nodel status of the immedi ately preceding slice is attached to
a 10 current header, Therefore, referring to Fig. 8, even when pblock C and
bl ock B i medi dkelge presediyiq ®l o€k theare dbestedqde Hi FLafeH LPi E8E the

coding efficiencgy is inproved. through probabil.i dap i i, N ext
nodel s, by expF ilﬁengh‘?géeﬁ %ﬁf@%ﬁc de?ﬁs?g’fa&gl%&b{:ggf%& ﬁ?\ydgthé“(r&% ni ng
the probabilityJfof. bl ock Cy e codidng &hhtekenGoaeth Wricahidbag

transm ssion unit 1's coded is adaptively controlled such that the
slice-to-slicegiirierdependeras t s ibatc idisregatded dud inkhe afohtexenzy nodel
status for the inmmediately preceding slice is fully exploited in a case
where the pbobaaiyl iy of liesdsedf s 8| itde Hat Bed@® &Y + R 5AG TG bhserfors s

extrenely low. The context, nodel status for the imediately precedi ng
slicet used and%ifie' RhS&Sfhere the probability of |oss of slice data high.

Referring to the bit,str ax psho I Beldi® rd8anihe sesegdnenbpodi nent
has been descri bed 3%égsgﬁﬁ%ﬁéﬂ%ﬁat in¥g?ngfion i ndi cati ng thg context 42
-nodel status feradai@oin Hee: f Medieattel yaprecedimgs shitca ikangeached in
each slice header in addition to the register reset flag and the initial
regi ster val uepasdokaii ngnt & hteenitigte epdBdngeoLBng S& bk fbeSPe t he

erbodi ment fimy S6e 0 (B8d B | hAD G SR nESEAr R Pae | ST e Eaf Bl e |
context nodel ﬁt,ﬁx.s 1’:95 @ﬁ}érg%iaft e, FERYI a1 PEBSEHINDCR! kG 1S
S

attached 10 in éa I ce er. Alternatively, the context nodel status

reset flag (seethittis 21} MBYhnOLipeRVimed ber esgebicid lof mhdthed cotred
register reset flag and the initial register value according to the first
embodi ment ar e iprtevialeditse thaamosg that the status may be

selectively inherited for important context models
15 depending on the local condition that occurs in
video.
| As has been described, according to the second
embodiment, for transmission of compressed video
data in transmission units, the slice header data
20 has the register flag, the initial registexr value
34 and the context model status information
attached thereto, the initial register flag
designating whether the register value indicating
she arithmetic coding process is reset or not, and
o Fhe cantext model status information Indivatlng the
coptext model status of the immediately preceding
slice. Accordingly, it is possible to perforn
coding without losing the continulty of the
arithmetic coding process. The coding efficiency is

30 maintained, while the resilience to transmission



15 when the context nodel status reset flag is off, i.e. the context nodel
status is not reset, the information indicating the context nodel status
for data in the inmmediately preceding slice is attached for use in
decodi ng. 20 Third enbodi nent A disclosuresill now be given of the third
enbodi ment in which transm ssion units are constructed according to a
data partitioning format 2 5in which coding data are.)rding to a The
exanpl e expl ai neHXBEFoviKeniPPERYEd Wor ki ng Draft Number 2, Revision 3,
JVT-B118r3 for a videq coding sche discussed.in _Joj i m_30(JVT)
of 1SQ | EC MPEG and | tr‘q?/cgécofhgeﬁpg’ﬁé’“ﬁ%gai’sc oésgécgs%%gggéltrae it%ens

of a specific typguRed NEE €2 ke JBGH PBLQGKS | 11 8. Sin1G8: ShARGIHE By 3S tHown
in Fig. 9, are grouped. The resultant data unit is transmtted in the form

of slice data. fhesshitcelibvdatdoidata ewiutal tpnsppddteaby dgroupi ng is of
one of data types 0-7 such as those shown bel ow, for exanple. 0
TYPE_HEADER®pi c & igprarelopr id1 iwifiBadery 19ee YOS HBHEABER nacr obl ock

header infornatéggq&&ijqg node.%pfornation) 2 TYPE_MWMD notion vector 3
TYPE_CBP CBP (non- 286 drthdgSidl" transform coefficient pattern in

macrobl ock) 15 4 TYPRZx2PE Qldlingenahd fréAEN Gogf i pbdfogdata (1) 5
TYPE_COEFF_Y orthogonal transform coefficient data (2)
indicating the context model status of the

immediately preceding slice is attached to a

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

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

P SRR REFERe e 5 LD ONEE RN L e et ey L Gl L dda s aea 1 oa

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

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

30 assuming that information indicating the context



6 TYPE_CCEFF C orthogonal transformcoefficient 20 data (3) 7 TYPE ECS end
of streamidentification informati on For exanple, a slice of data type 2 or
TYPE WO is transmitted as slice data in wghch are coljeoted as nany noton
vertor"i nformation Itens as there are macroblocks fitting into a slice.
Accordi ngly, when the k+lth slice of a type TYPE MVD is subject to decoding
followi ng the kithdslli eeacfus fype JBYRE_MYDL henl ymitidé iedetlaxt p medeld By

status for notion vectors occurring at the end of 44 the kth slice should
be mul tipl exed Fhiteaifeddeiaohethd k¢2absISdC et EFERE tiHe FIOE D dat a,
in order to all cont.ext nodel l.earning status for .arithnetic coding

of nnH(N1vectﬁ%g%gsb§%§%§ﬁ%Fifgﬁgt kfag ﬁ%ﬁiﬁies &ﬁ%%ﬁ?e%ﬁ%ﬂ%§%ﬁ bi t

stream gener at el b et Recaid DBt ico gk Ng Al EnBsagndnta Lo the third
enbodi mrent. Referring to Fig. 21, when notion vectors are collected to

construct shiceallledatd iofelay dathel ey 2ste rTYRE VDS lilye shdce bweader has
attached thereto a slice start code, a data type |ID designating TYPE_MD
a context nodeli¥thifad rewhsteag vad ¢ nPeFRatd bd i hali &R nl ERE cont ext

nodel status fonnﬂgtton %pctorsﬂoccurL%gg015 |nmlgg bgﬁgthggly precedi ng

slice. Wen onf? or?ﬁ%ﬁgnaf“?¥aﬁgﬁéy%* Pf P& ent

information indicating the context model status for
data in the immediately preceding slice is attached

10 in each slice header. Alternatively, the context
model status reset flag (see Fig. 21} may be
provided irrespective of whether the register reset
flag and the initial register value according to
the first embodiment are provided, so that only

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

for use in decoding.

20
Third embodiment
A disclosure will now be given of the thirad
embodiment in which transmission units are
constructed accoxrding 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 braft Number 2, Revision 3, JVT-BL1i8ri3 for
a video coding scheme discussed in Joint Video Peam

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



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,h nodel status reset flag and
information indicating the context nodel stitus for ort hogonal transform
coefficient data occurring in the i mediately preceding slice. 25Fi .g 21

shows the slice heades t j cdat L 0geiglstd pl d.jnto

the sane bit stream gAlstggr %asflin\q/ge?}i 91?% glﬁt?%feH hg)a%ea?eédlgiggwnalyd E*eﬁégr I‘al%d in
a separate bit sthernem hee afdfdicielbearsnissaon ldnd tderconpressed ddlAyqay
have 30 attached thereto ID information referring to the 45 corresponding
slice header datid Flg. 9Refagiq | pgorped g.Ths, reraildrahndiita codifg imit 6

according to the third.embadi.ment. is _inplenmented such that the transm ssion
unit 5 generati grftau’{rﬁlf‘lgge e&dhs??ﬁctfé’rpﬁhcﬁbf"g&feda Afn ARG iRLIeR
accordance wsth ¢ d agtd 44 pnj rd e§CH t hat e ID
i nformation desiSﬂg?iggaﬁﬁe%ggfgpt%ggséﬁgﬁ¥ﬁgacgﬁfgg?ﬁggggp ﬁgzrﬁ?néﬁg at us
correspondi ng t @ft hindat aypype (v e &0 cto0ld €ctRdsien =sitder Batiavw, for
Referring to Fig. 19, the arithmetic decoding unit 27 according to the
third enbodi ment¥3d bt enent ed such that, for arithnetic decoding, a
context nodel to be used is determ ned by allowng 15 the transm ssion unit
decoding initialization unit 37 to notify the context nodel determ nation

uni t 28 of the dairyitynesABeitldiPLEXed (1 QuEhe cil Iop; beagersqgpd the

context nodel |earning status 39 1s Inherit cross bounds o i ces by

al | owi ng t e} 201t ey ISBHBADGEC Qflh dgobildd lal healdean UnFbrAatdDonotify the
probability generation unit 30 of the context nodel |earning status.

As has been deséPPBddid gtededilmgavnakdorhi rd enbodi ment, a video signal is

ot edet or mi ned dat 3YEypdllD THECaR GV ERERA bl onging fo the transm Ssi on
uni t is arithmesigalply Gosledppuchdhal Gl fPchs Ul Wednsform
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
@ collectad as many motion vector information iteme
as there are macroblocks fitting into a slice.
Accordingly, when the k+lth siice of a type
TYPE _MVD is subject to decoding following the kth
slice of a type TYPFE_MVD, only the context model

30 status for motion vectors occurring at the end of



30 across hounds of transmi ssion units by inheriting, 46 instead of
resetting, the synbol occurrence probability |earning status fromthe
earlier transm ssion unit al so grouped accogging to the data type.
Accordingly, a high degree of error 5 resilience is ensured and the coding
efficiency of arithnmetic coding is inproved in a configuration in which
data are grouped:ltacciotHi BQ it ps pdatier Baegudatia taeS. into a heagehil e
the third enbodi ment assunmes that slice 10 structures are organi zed

according to a ¢t dR§pktddta ek dnsmicssioning thevitieor f Hupesiamy, aliso be
In the exanpl e of bit stream syntax

organi zed according to_a data type. f
according to thg)l:t(%ﬁ dtgnﬁ‘g&i%n{‘)hghﬁ’mﬁ%?i godel kgayelpg sskakig t hat
the header of sldge dat aplek @ A y8H data:t .has Al d,thereto a

cont ext nodel status reset fﬁég an§QPg€6$%a¥?gﬁgﬁnaﬁ%%??gg 5ﬁ%q%%ntext
nmodel st at us® of isidtear ineihe i mMmedi ately preceding slice when the flag is
off. Alternatively, 20 in'a simlar configuration as the bit stream syntax

according to the secohd¥enBddinepvsshkoweianpig ol bihesheadan of slice

data for a giVenmg%t@ﬂtypemnaxyhavemankagheﬂwtheaeto‘a,PODtext model status
reset flag and PhAforatToOn"¥ndi‘tat fhg “HHe cont 8RE idtet 2 79s Patadatar fifgn

when the flag ig8p0ffhe iy addi td r e r.ireset f ang. the
initial registerovalSgﬁ'kltgr%gﬁ?vgﬁvggﬁﬁéq%%ﬁ%gfﬁ“ﬁﬁ&% g?%fu29+958PePIag
may be onitted mottibat tdetbrkorawsi oo lbicadi 88 3 dheraent ext  srdel

status of data in the imediately
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 fhe
compressed data being multiplexed into the same bit
stream. Alternatively, the slice header data may be
carried in a separvate bit stream for offline

transmission and the compressed data may have

20 attached thereto ID information referring to the



47 preceding slice is always attached for use in decoding, irrespective of
whet her the register reset flag and the initial register value are
provided. 5In the first through third enbodjiqrents, video data is given as
an exanple of digital signals. The present invention is equally applicable

to digital signals for audio, digital signals for sill pictures, digital
signal s for texteramspohtiimedi=l dedhgiddtr sighal.s in which these are
m xed. In the first and second enbodi nents, a slice is given as an

exanpl e of digital siBRAPTRIHhshPsEion uhPt. PRG el thlred ishbeafdas . a
transm ssion unjl.ConstLucted aecording t%?%f‘e%u%o"c?{&aie}&o%isng for
In ata type,

collecting data in a slice accor g to a is givenas an

exanpl e. Alternaihpvedyeneld Haga (PhetUrGe COPShUGLLL bhommy ol urality of
slices, i.e. a video frane, may be a transm ssion unit. The present

invention also fendsP0ian applt chbi opciomst stotagenasystbipdin dhta gase, a
storage unit, instead of ,a transm ssion unit nmay be constructed. | NDUSTRI AL

APPLI CABI LI TY 2BA8 IH&L peBn2destidhge ¥idih thpp&aditisPaséortdiaping t he

pr esent |nventlgglhsNguylggh%ﬂUSﬂdmtor Lnan§ﬁ1§s%9ﬂiq{aaig%wdﬁgagggﬁgldeo

signal in which & high degi'es of effFoér “resiitency'S s*énstifé
coding efficiengyshiomal0i Al kheld £t §0€iyk | §nHMRHAY &8lo nt 48 1Cluf$ §B1
learning status corresponding to the data type are
10 collected in slice data.

Refexring to Fig. 19, the arithmetic decoding
unit 27 according to the thirxd 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 determinatién unit
28 of the data type ID multiplexed into the slice
header, and the context model learning status 39 is
inherited across bounds of slices by allowing the

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

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

2%  compressicn coding by being divided into
transmigsion 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,



1. Adigital decoding apparatus for receiving and decoding a
conpression-coded digital signal in predeterm ned transm ssion units,

conpri si ng: initialization unit for initializing an arithnetic decodi ng
process based on information of initializifA§ a table of probability of
occurrence which is nultiplexed on a header of data for said predeterm ned
transm ssion unips.and iqf o mBLEQN Of TPhL! Aidldg BokegishLeval ue which
shows the arithneti ¢ decodi hg process; a context nodel determ nation unit
for determ ni ngpaopantiaxte yodek rind e ss8duforf eachthypeafl degoded data
anong a plurality of context nodels; a binarization unit for generating a
bi nari zati on ruteadefiimedi dased idgn aleo t ypo wfedezodedddars; to &he

probability of gccurrence generation unit fg{gﬁiQ%idin a probability of
occurrence cor re3pBndiYmSF t AFRETEIMERY + nBdlt Uit ?ﬂ?ﬁ(ﬂ%ﬁ Fheer

bi nari zation r . an n, ari ' odi bt for { Lhoet :
decodi ng bagedqéﬁségﬁ%négﬁe%gtghggﬁ%%gb?ﬁ?tshg% %QQEP eﬁ%@f%% egg#% of
initialized regisiehmdliue. c24ifgdig tahpdeced ngn met hed f 08 ukaaei vi ngnand
decodi ng a conpression-coded digital signal in predeterm ned transm ssion
units, conprisiwlgich Beittd ad reagivonstdpatoridingakezionpdatarintimedi c
decodi ng process based on information of initializing a table of

probabi lity of t&rF¥RE which is nultipl exed on a header of data for said
predeterm ned transmygsion HAL! S A | BhOUTRLAOR: Oholdlidda! LEND & egi ster
val ue whi ch shows the airithreti c décoding process; a context node

determ nat ign s§€Pué&h @8l ef FeNbiy ah LHBEMIcIWERL nOo e aisedtiorepeh type
of decoded data anmong a plurality of context nodels; a binarization step
for generating @& ba ntirianatn das Lohe weit ned isksedf sAmEse Nypeadism be
probability of occurrence generation step thr %roviding a probability

correspondi ng tFIMR1EEt SFCABHN Ut Rr Ri AEF By YRE *bi nari zation rule; and

an arithnetic decodigg %ﬁ%@ 9&ﬁg¥%£§$tbgqugggbg% a ndggékﬁgg%;éted

probability of occurience and~sai i al'i zed regi st val ue.
digital decodi ng appar ahus:d ckmbeceiné e 8hbweCodi g . CHIPr a3si H- coded

digital signal in predeterm ned transm ssion units, conprising:
initializat$onamsumédr tiit i fhezieg dar apift meitce dedaodi fgrpeocesgebased
on information
data type has attached thereto a context model
status reset flag and information indicating the
context model status of data in the immediately
preceding slice when the flag is off. Alternatively,
20 in a similar configuration as the bit stream syntax
according to the second embodiment shown in Fig. 18,
the header of slice data for a given data type may
have attached thereto a context model status reset
flag and information indicating the context model
) statan of dapta in the immediszstely 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



of initializing a table of probability of occurrence which is nultiplexed
on a header of data for said predeterm ned transm ssion units and
information of initializing a register valueymhich shows the arithnetic
decodi ng process; a context nodel determihation unit for determning a
context nodel to be used for each type of decoded data anong a plurality of

context nodels, pWiicdyifg GANtExXt ; G0EGh, dvss Myt valdne defgrmyred Py a context
nodel used by an arithnefic codi ng process; a binarization unit for

generating a bi dedahingp nulredeécnddebasdwbnthia: type ok odecoded dat a;
a probability of occurrence generation unit for providing a probability of
occurrence corr 8§56rdi hya go atkk ebft drtl tigtel r8gtiETER Rl & Here

bi nari zation ru ovAML 4 an arithnmetic decoding unit for arithnetic
decodi ng based on salJagénerated probability of occurrence and said

initializedygegister ¥l 4ge 4 i Asfl gnt@)u Secpdiing dhhed ikn £ &ceLMIg, and
decodi ng a conpression-coded digital signal in predeterm ned transm ssion
units, conprisifgta dimigiakinzats oanseeprfprei nift idald ztag an.@ara 1 Bnetie
decodi ng process based on information of initializing a table of
probability of BEEHAENCERWRIER-YZ #iil Cig)ekbd 6RPa Healer JfC dat&iferl said

predeterm ned t 1.ssi pn._units, and . i.nf.qrmati on _of, initiali.zing a register

val ue whi ch sho%geﬁggjﬁrf?ﬁnﬁ??%”ﬁécgaﬁﬁgxgﬁo%éggﬁjigakggnf I odel

determ nation spepth@eslet @1QiRH0 8160008X! rIRARle tOs DEnES & f OF mERGH, type

of decoded data anong a plurality of Context nodels, which the context

model i s mifual d ygdeedr g hedally aicowhdxth noidel eusade byiiaedarit hmetic

codi ng process; a binarization step for generating a binarization rule

defined based on the &% pehgf £igstt edpondigreng Pﬁg?%@h?‘@ﬂt%dﬁel sddtar m ned
;. and an arith di n P for arithnetic

ducodi ng based Hh TATE s dPe TIBBLBI 1% yd 57 TSeturT eAB8 Tand sai d
init.zed regi stefad¥8h4®sion unit. In the thixd 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 g
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 Ag has heen desoribed, s digital sional coding
apparatus according to the present invention is
sultably used for transmission of a compressed
video signal in which a high degree of error
resiliency is ensured and the coding efficiency for

30 arithmetic coding is improved.
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CLAIMS

1. A digital decoding apparatus for receiving and decoding a compression-coded digital

signal in predetermined transmission units, comprising:

initialization unit for initializing an arithmetic decoding process based on information
of initializing a table of probability of occurrence which is multiplexed on a header of
data for said predetermined transmission units and information of initializing a register
value which shows the arithmetic decoding process;

a context model determination unit for determining a context model to be used for
each type of decoded data among a plurality of context models;

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

a probability of occurrence generation unit for providing a probability of occurrence
corresponding to the context model determined by the binarization rule; and

an arithmetic decoding unit for arithmetic decoding based on said generated

probability of occurrence and said initialized register value.

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

in predetermined transmission units, comprising:

initialization step for initializing an arithmetic decoding process based on information
of initializing a table of probability of occurrence which is multiplexed on a header of
data for said predetermined transmission units and information of initializing a register
value which shows the arithmetic decoding process;

a context model determination step for determining a context model to be used for
each type of decoded data among a plurality of context models;

a binarization step for generating a binarization rule defined based on the type of
decoded day

a probability of occurrence generation siep for providing a probability of occurrence
corresponding 1o the context model determined by the binarization rule; and

an arithimetic decoding step for arithmetic decoding based on said generated

probability of cecurrence and said initialized register value.
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3. A digital decoding apparatus for receiving and decoding a compression-coded digital
signal in predetermined transmission units, comprising:

initialization unit for initializing an arithmetic decoding process based on information
of initializing a table of probability of occurrence which is multiplexed on a header of
data for said predetermined transmission units and information of initializing a register
value which shows the arithmetic decoding process;

a context model determination unit for determining a context model to be used for
each type of decoded data among a plurality of context models, which the context model
is mutually determined by a context model used by an arithmetic coding process;

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

a probability of occurrence generation unit for providing a probability of occurrence
corresponding to the context model determined by the binarization rule; and

an arithmetic decoding unit for arithmetic decoding based on said generated

probability of occurrence and said initialized register value.

4, A digital decoding method for receiving and decoding a compression-coded digital signal
in predetermined transmission units, comprising:

initialization step for initializing an arithmetic decoding process based on information
of initializing a table of probability of occurrence which is multiplexed on a header of
data for said predetermined transmission units and information of initializing a register
value which shows the arithmetic decoding process;

a context model determination step for determining a context model to be used for
each type of decoded data among a plurality of context models, which the context model
is mutually determined by a context model used by an arithmetic coding process;

a binarization step for generating a binarization rule defined based on the type of
decoded data;

anronabnivy of oo OO GEnCTRTIOT 21eh [0y nrovidiny B raohatinty of ouaisrenoe

corresponding to the context model determined by the binarization rule; and
an arithmetic decoding step for arithmetic decoding based on said generated

probability of occurrence and said initialized register value.



