28/08/2006 _ 1 SPECI FI CATI ON .| MAGE CODI NG APPARATUS, | MAGE CODI NG
METHOD | MAGE DECODI NG APPARATUS, | MAGE DECODI NG METHOD, AND DATZg REGZRIN 06

MEDI A TECHNI CAL. FIELD The present invention r ge codi ng
apparatuses. and image coding nethods, |mgeﬂﬁﬁwgmﬂmg\‘mw arat uses and
i mage decoding met hods, and data record and, " rmor e particularly,
to.a coding process and a decoding process for pébf'drming recording or
transm ssion of image signals with [ess bit nunber wthout degrading the
i mge quality, and to a recordi ng medi um containing a
realizing the coding process or the decoding process. B HI%&H
Conventional ‘i mage coding proceSBESIHIEANIANI y divided T n 0 codi ng
processes perforned in block wunits, represented by MPEXR- bé?@ﬁ*codlng
nmet hods, and codi ng processes perforned in pixel units, such as
S,LLLFQS{‘L;?'_ PUl Sres 02 P! QEPXEA&WWIM&HSBBW@'ME'FHJJBE Code.

IMAGE DECODING APPARATUS, IMAGE DECODING METHOD,

| | AND DATA RECORDING MEDIA -

The present invention relates to image coding
apparatuses and image coding methods, image decoding
apparatuses and imsge decoding methods, and data recording
media and, more particularly, to a coding process and a
decoding process for performing recording or transmission
of image signals with less bit number without degrading the
image quality, and tola recording mgdium containing a
program for realizing the coding process or the decodidg

process.

BACKGROUND ART

Conventlonal image coding processes are broadly
d1v1ded into two of coding processes performed in block
.units, represented by MPEG2-based coding methods, and
coding prdcesses performed in pixel units, such as
differential pulse code modulation (DPCM : Differential
Pulse Code Modulation).

The coding process in block units is a method in which

a single 1mage dlsplay reglon is divided into plural blocks




The coding process in block units is a method in which a single imge
display region is divided into plural blocks 28/08/2006 -2 and #g£0@i/%006
process for an inmage signal that is input (hereinafter referred to as an
input image sign al) is performed block by block. In this case, the single
i mge display region corresponds to a-single display s.creen in the

MPER2- based codi ng process,.and in an MPE&X4-based coding process, it
corresponds to a display region having a shape and a size corresponding -t
eac h object on a single display screen. Further, each of the :
above-nentioned blocks -is a display region conposed of a prescribed

Punber . P X845y Pdedde songlhe iimegee diSphay Lbgitons ak@PHt rectangl e
shape which is easily processed is. used as the shape of the block in nmany

cases. As, fesghibed ahomerréd tbe azodimdinmihoimagewsiignal ) cdéi ng process
for an input 1mage signal is perfornmed block by block, the coding. process

for the j L5888 o310 peeEkespandi vigi s ocasei, nglres i srhgglei dplage r egi on
is co (%€£%£m%§aeaé% bpﬁ%k. Therefore, there is the advantage that, even

though a { ?%2”]:% ;) &S PFe9pbHIDS Wien asLodid dimpd awi goakeobda ned by
perfor ngES codi ng process.for the input image signal is transmtted,

i nfluence of LS LIy S58iRg prveIged indeaahahl MBEGHobesed, the b

Ioc.k-b--%locE coglng met hod has the
coding process, it corresponds to a display region having a
shape and a size corresponding to eadh object on a single
display screen. Further, each of the above-mentioned
blocks is a display region composed of a prescribed number
of pixels within the single image display region, and a
rectangle shape which is easily processed is used as the
shape of the block in-many cases.

As described above, in the coding’method in which a
coding process for an.input image signal is performed block
by block, the coding process for the input image signal
corresponding to a single image display region is completed
in each block. Therefore, there is the advantage that,
even thouéh a transmission error occurs when a coded image
signal obﬁained bylperforming the coding process for the
input image signal is transmitted, influence of the error
can be converged in each block.

However, the block-by-block coding method has the
following drawbacks.

Sincé the Céding process for the input image signal is

completed in each block in the block-by-block coding method,



foll ow ng drawbacks. Since the coding process for the input inage signal is
conpl eted in each block in the bl ock-by-block coding nethod, 28/%8/880©006
-3. it is difficult to use an inter-block pixel correlation, that Is, a
correlation of pixel values which ar~e present in dlfferent bl ocks, in t he
codi ng process. Further, in a predictive coding nethod for an inmge

signal, a pixel value of a coding targeg_pixel being a target of coding (a
coding target pixel value) is predicted wth reference to pixel values of
pl ural coded pixels which have previously been -coded (coded pi xel val ues),
and the coding target pixel value is adaptively coded using the predicted
pi xel value. In this predictive coding nethod, however, when the coding

process jis 1pser<§9fﬁ?9uti|t0% bysebbocknddie soded pixsh Y:%lrlieeglé@lé"ﬁ
referred to when coding the coding target pixel value are limted
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smal | in nunber’ Théere e accuracy of the pre Icte ue of the

d d de ffi t d
_SZ&”%E%%%%G%%E ot ERE RS B L el uni fs”?s 'QCLS?ﬁﬁd
i n which an hﬁ@f’%hb@g%ﬁ' ”é‘!:ehict%dee‘jccﬁiéﬁé @¥th8hx%lo’ aaﬂf

codi ng met ho rs p055| to chan I'ng process
| mage 3%@8%af¥¥§'p?¥e1 value of a coding target pixel being a

e |nput

target of coding'(a coding target pixel value) is predicted
with reference to pixel values of plural coded bixels which
have previously been coded (coded pixei values), and the
coding target pixel value is adaptively coded using.the
predicted pixel value. In this predictive coding method,
however, when the coding process is performed bloék by

- block, the coded pixel values to be,referred to when coding
the coding target pixél value are limifed to.pixeis-within
each block, so that the reference coded pixel.valﬁes are
small in number. Therefore, the accuracy of.the predicted
value of the coding target pixel is reduced, and the coding
efficiency.is not increased very much.

On the other hand, the éoding method in pixel units is

a method in which an input image signal is‘codedlpixel by
pixel, and in this coding method, it is possible to change
the coding process for the input image signal pixel by
pikel. Therefore, when this codiﬁg method includes a
universél coding process, such as adaptive arithmetic
coding in which code words are automatically updated pixel

by pixel adaptively to the characteristics of the input



pi xel . Therefore, when this coding nmethod includes a universal coding
-process, such as adaptive arithnmetic coding in which code word@g/@892006
automatically updated pixel by pixel adaptively to the characteristics of
t,he input 28/ 08/2006 -4 image signal, an image signal having any
characteristic can be coded with a significantly high coding efficiency.

. However, since, on the decoding side, a coded i mage signal obtained by the
pi xel - by-pi xel coding nmethod including the universal coding 'process is
subjected to a decoding process in which code words are updated in the
same manner as on the coding side, when a transm ssion error occurs when
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decoding process in which code words are updated in the
same manner as on the coding side, when a transmission’
error occurs when the coded image signal is transmitted,
the state in which the decoding proceés for the coded image
signal cannot be carried out accurately because of the
influence of the transmission error on the'decoding side,
continues long.

By the way, the block—by-block coding.method'and'the
pixel-by-pixel coding method can be combined; énd in a
coding method in which tﬂese coding methods are combined
(hereinafter referring to this coding method as a
combination coding method for explanation), ;ode words can
be adaptively changed for each pixel, and the influence of
transmission error can be converged in each block, whereby
a coding proéess with a high coding efficiency, such as
adaptive arithmetic coding, can be performed while
suppressing the infiuence of transmission error.

A dEScriptiqn is now given of this combination coding
method.

Figure 13(a) shows the state in which a single frame



adaptive arithmetic coding. can be perforned while suppressing the

i nfl'uence of transm ssion error. A description is now given of t3g508/2006
conbi nation coding nethod. Figure 13(a) shows the state in which a single
frame k 28/ 08/ 2006 -5 screen is divided into a plurality of rectangle

bl ocks, and figure 13(b) shows arranggment of pixels in blocks,

especially in a coding target block being a target of coding and bl ocks in
the vicinity of the coding target block. Needless to say, these pixels are
arranged in matrix along horizontal scanning lines in the single frane
screen. In the figures, FG denotes a screen corresponding to a single

frame, &-gd8A0L8S @ wiatled bheek 4 H M £hi aycedi rectimFEsSbieckan idrge s
i gnal has al ready been perforned, Bx denotes a coding target bl ock being a

target ofg6edi 18,(:3N% h & daretey ate tncoded i Rkaak im mhbeksa coding
process for an inmage signal has not been performed., Wien no distinction

| S md%%%%?@ﬁ?%&;ﬁ%sa bbagk Qi!'ae:cf@@oéPQCQYb@-ingBLstﬂéetBblﬁ and BLm

denote u Left, and righ boundari es of the coding target bl ock

iogefjhe é&&?hgh%am%_l k€eln ePaaldMel ¥y brSehied dddengiEgkgethows a c
pi xel' whose pixe val ue has al ready” been coded, and a
block. Needless to say, these pixels are arranged in
matri# aiong horizontal scanning lines in the single frame
screen.

In the figures, FG denotes a screen corresponding to a
single frame, Bl denotes a coded block in which a coding
process.for an image signal has already been performed, BxX
denotes a coding target block being a target of coding, and
B0 denotes an uncoded.block in which a coding proceés for
‘an image signal hés not been perforﬁed., Whén no
distinction is made between blocks, blocks are denoted by B.
BLu, BLs, BLh, and BLm denote upper, lower, left, and right
boundaries of the coding target block in the single frame
screen, respectively. A solid line circle shows a éoded
pixel whose pixel value has already been codéd,land a
dotted line circle shows an uncoded pixel whose pixel value
has not been.coded yet. Each block B is an image display
region comprising 4X4 pixels, in the single frame screen FG.

Figure 14 shows positional relationships between.a
coding target.pixel Px to be coded and peripheral pixels
PO~P9 surroundiﬁg.the coding target pixel, and the pixel

values of these peripheral piXels PO~P9 are referred to



dotted line circle shows an uncoded pi xel whose pixel value has not been
coded yet. Each block B is an inmage display region conprising i

in the single frame screen FG Figure 14 shows positional rel atiélioghl/sﬁig)g?(ﬁoG
etween a coding target pixel Px to be coded and peripheral pixels PO P9
surroundi ng the coding target pixel, and the pixel values of these

peri pheral pixels PO-P9 are referred to 28/ 08/ 2006 -6 when the pixel value
of the coding target pixel Px is predicted, so that -these pixels are

call ed reference pixels hereinafter. The reference pixels P8 and P9 are

pi xel s which are positioned in the same horizontal scanning Iine as the

codi ng target pixel' P dt f i P9 . ; iti d
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codi ng target pixel Px, and the reference pixels P5 and Pl are positioned
in a héerFomatt@Eanning Iine by one pixel and two pixels upper than the

codi ng target pixel Px, respectively. Furthe t r.efer pi xgl s P3,
P4, P6, and'Py BRECHSIES RAKE sa%eeyﬁd‘scrt%%n‘geﬁei ng(ﬁg.ssgﬁr{e?lc&ho%?gont al
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coding target pixel Px, and the reference pixels P9 and P8
are positioned one pixel and two pixels before the coding
target pixel Px, respectively. The positions of the
reference pixels PS5 and Pl in the horizontal direction on
the single fraﬁe screeﬁ FG correspond to the position of
the coding target pixel Px, and the reference pixels P5 and
Pl are positioned in a horizontal scanning line by one
pixel and two pixels upper than tbe‘coding ﬁarget pixel Px,
respectively. Further, the reference pixels.PB, P4, P6,
and P7 are pixels which are positioned in the same
horizontal scanning line as the reference pixel P5, the
reference pixels P4 and P3 are positioned one pixel and two
pixels before the coding target pixel Px, respectively, and
the reference pixels P6 and P7 are positioned one pixel apd
two pixels after the coding target pixel PXx, respectively.
Further, the reference pixels PO and P2 are pixels which
‘are positioned in tﬁe same horizontal scanning line as the
reference pixél P1l, the reference pixél PO is positioned
one pixel before the reference pixel P1l, and the reference

pixel P2 is positioned one pikel after the reference pixel




pi xel s before the coding target pixel Px, respectively, and the reference
pi xél s P6 and P7 are positioned one pixel and two pixels after 3d20gydidge
target pixel Px, Fespectively. Further, the reference pi xel s PO and P2 are
pi xel s which are positioned in the sanme. horizontal scanning |line as the
reference pixel Pl, the reference pixel7PO is positioned one pixel before
the reference pixel Pl, and the reference pixel P2 is positioned one pixel
after the reference pixel 28/08/2006 -7 Pl1. In the conbination coding

met hod, initially, an imge signal corresponding to the single frane
screen FGis divided correspondingly to plural blocks B constituting the
singl e E&ane screen as shown in figure 13(a) and figure 13(b), and a
codi ng process for the divided i mage signal is perfornmed bl ock by bl ock.
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process in mhlch prxe |xe are sutcessive
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of the®Adrizon s in fromthe uppernDst line to the
| ower st C p c S 4 e 1 xel
val ue o e co ‘Drr% 38#%§%£§ 8 ﬁﬁ%r gpﬁ?ve y pre l%é&#¥t5hgthe pi xel
val ues Of t&e %ﬂ§ﬁgn§8r@€§ﬂ§% shown in figure 13(a) and figure

13(b), and a coding process for the divided image signal is
performed block by block.

This block—by-bldck coding process is completed by
performing a horizontal process‘in which pixel values of
pixels are successiveiy coded from the left-to the right
along each horizontal pixel line in a block B, for all of
the horizontal pixel lines in the block from the u?permost
line to the lower most line. |

In this coding process, as shown in figure 14, the
pixel value of the coding target pixel Px is-adaptively
predicted from the pixel values of the referernce pixels
PO~P9 positioned in the vicinity of the coding target pixel,
and code words used for the coding process of the coding
target pixel are adaptively selected according to a
predicted vaiue obtained by the prediction.

Therefore, in the combination coding method, the
influence of transmission error on the decoding side can be
converged in each block, and the coding efficiency can be

improved as compared with the simple block-by-block coding

process.



PO- P9 positioned in the vicinity of the coding target pixel, and code words
used for the coding process of the coding target pixel are adapig ¥6BY 2006
sel ected according to a predicted val ue obtained by the prediction.
Therefore, in the conbination coding nethod, the influence of transm ssion
error on the decoding side can be convgrged in each block, and the coding
efficiency can be inproved as conpared with the' sinple block-by-block
coding process. 28/08/ 2006 Figure 16(a), figure 16(b), and figure 17 are
di agrans for explaining a conbinati on decodi ng nethod corresponding to the
above-nenti oned conbi nati on coding nethod, and in the figures, B denotes
each bl ock i npagsisegles [4pMefiBure deAPb 5 ande¢qdiie tief dgteb &h
denotes an alregdy decgdgd bﬁ?ﬁk, BO g%jgnotgs anggﬁgécodeg glg@%%”%Luf,
BLs',  Btdir, e 2P¥aBhYnflenotsmBh ok RANNEREL 85N g mbRf oUe Qs PO s pbdldglg bl ock
Bx' at ther u?)pgr,a Iomr}edrj, Iefltn, and lri ght sigelsl,8 mr es;())ectl ve y?panéﬂch-Pg'
denote r goc ixel p i 0: a.d i,ng nget pLxgl Px'. In
thi's cass R P an s e PORpaPRouthd €L o TP IR LR i pect to
t he decqdiHg¢ pigkel 4 PXo ¢l i%) i 0. t?a . i orPthe

codi ng p_rocesga[sl%g\%ﬁ iB>r(1 f?gu?gb_%fa%,ﬁ k?l gct:jr(elriS b)g_,lqgl?ffg%rt%’l . In the
conbi naty K, Pggoyg %@lggtfj{}gﬁl’t!ﬂb@talﬂlyocﬁ,n 1 "BEEN3LYAla £OL{ £RAGNAI Ng tO a

single frane scree
decoded block, BO' denotes an undecoded block, BLu', BLs',

BLh', and Blm' denote block boundaries of the decoding
target block Bx' at the upper, lower, left, and right sides,
respectively, and PO'~P9' denote reference pixels
corresponding to a deéoding target pixel Px'. In this case,
the arrangement of the reference pixels PO'~P9' with

respect to the decoding target pixel'Px' is identiéal to
that described for tﬁe coding proceés Showﬁ in figure'l3(a),
figure 13(b), and figure 14.

In the combination decoding method, initially, an
image signal corresponding to a single frame screen FG' is
divided correspondingly to plural blocks B' constituting
the single frame screen as shown in figure 16(a) and figure'
16(b), and a decoding process for the divided image signal
is performed.block by block.

This block-by-block decoding process is completed by
performing a horizohtal process in which pixel values of
pixels are successively decoded from the left to the right
aléng each horii&ntal pixel line in a block B', for all of

the horizontal pixel lines in the block from the uppermost



di vided correspondingly to plural blocks Bl constituting the single franme
screen as shown in figure 16(a) and figure 16(b), and a decodi g PYHLFSIV6
for the divided image signal is perforned block by block. This -
bl ock-by- bl ock decodi ng process is conpleted by performng a horizontal
process in which pixel values of pixelﬁ are successively decoded fromthe
|l eft to the right along each horizontaf pixel line in a block B, for al
of the horizontal pixel lines in the block fromthe uppernost 28/ 08/ 2006
-9 line to the lower nost line. In this decoding process, as shown in -
figure 17, the pixel value of the decoding target pixel Px' is adaptively
predicted fromthe pixel val ues 3{ the reference pixels PO-P91 positioned
in the Aiidi§it9 BPet HOREOAPAY tdfFet pixel, and code words used for the
decodi ng process of the decoding target gixel Px' ,are ,ada tivigy el ected
according tolB pPéd GePIaNdePERCHETEd B FREYEr édi FhiddHEe HohevERE t he
conbi nati on coding nmethod in which the block-by-block coding process and
t he pixalﬁﬁipVﬁéPec&ﬁrﬁPep¢6€€§§W%%¥%ﬁﬁﬁﬁn%HxﬁésPﬁheHﬁﬂ§§%WﬁbvelY
drawbacks. ‘I n this conbination codiga1nethod, si nce the coding Erocess
proceedPUADERLOY BIrodk thMeRikRe JEdiURP tof gbbe peferepceaRit%etfie right
boundary BLm of the coding target block Bx as shown in figure 15, the
ref eren®® 'pik@l sppgitppned in the vicinity of the decoding target

pixel, and code words used for the decoding process of the

decoding target pixel Px' are adaptively selected according

to a predicted value obtained by the prediction.

However, the combination coding method in which the
block-by-block coding process and the pixel-by-pixel coding
process are combined has the following drawbacks.

In this combination coding method, since the coding
process proceeds block by block, when the coding target
pixel Px abuts the right boundary BLm of the doding target
block Bx as shown in figure 15, the reference pixels P2, PG,
and P7 corresponding to the coding target pixél Px are
uncoded pixels.

In this case, when the pixel value of the coding
target pixel Px is predicted with reference to the pixel
values of the uncoded pixels P2, P6, and P7 and the pixel
value of the coding target pixel Px is coded using the
predicted value, a coded image signal corresponding to this

coding target pixel Px cannot be accurately decoded on the

decoding side.

More specifically, in order to accurately'decOde a



and P7 corresponding to the coding target pixel Px are wuncoded pixels. In
this case, when the pixel value of the coding target pixel Px izg pHeJd X0 66
with reference to the pixel values of the uncoded pixels P2, P6, and P7
and the pixel value of the coding target pixel Px is coded using the

predi cted val ue, a coded image signal cqorresponding to this coding target
pi xel Px cannot be accurately decoded ¥t he decodi ng side. Mre
specifically, in order to accurately decode a 28/ 08/ 2006 10 coded i nmge
signal which is obtained by coding the pixel value of the coding target

pi xel Px using the predicted value, the predicted value of the decoding
target pixel Px' used,in the decoding process st agree with the predicted
val Ue ofOFRE dRRGR TAPBEL HIAEER Pk oCOIAHoRt RY COUNE TR ORI KE Lt ar got
pi xel Px', used in the coding process., In other words, on the codi ng side,
the refERéNEe 9f Xt vaPAdHY e 898 EdPLF T lorPYeReiagi t§a mFSALEFePed val ue
of the «coding target pixel Px nust completely agree with the  reference

pi xel vH#alyes rdierpeadistiest Rhepalitndhhedepradnst &dnagtueP bredhdx’
decodi ng target pixel Px' corresponding to the coding target pixel Px. For
this red8ed, forthsafprediag SWeRRers MUfl e2gbee W%é% fthee e Ad chescess

for the coding target pixel Px is o
value of the coding target pixel Px corresponding to the

decoding target pixel Px', used in the coding process. 1In
other words, on the coding side, the reference pixel values
referred to for generating the predicted value of the
coding target pixel Px must completely agree with the
reference pixel valueé referred to for generating the
predicted value of the decoding target pixel Px'
corresponding to the coding target pixel Px.

For this reason, for example,las Showﬁ in figure 15,
when the coding process for the coding target pixel Px is
performed, if the predicted value of the coding target
pixel Px is generated with reference to the pixel values of
the unéoded pixels P2, P6, and P7 among the ;eference
pixels PO~P9 corresponding to the decoding target'pixél Px,
as shown in figure 18, when the decoding process for the
decoding target pixel Px' is performed on the decoding side,
the predicted value of the decoding target pixel Px' is
generated with reference to the pixel values of the |
reference pixélslPO'~P9' corresponding to the decoding
target pixel Px', -but among the reference pixels PO'~P9"',

pixel values of the undecoded pixels P2', P6', and P7' are



performed, if- the predicted value of the coding target pixel Px is
generated with reference to the pixel values of the uncoded. pixel 6872006
P6, and P7 anong the reference pixels PO P9 corresponding to the decodi ng
target pixel Px, as shown in figure 18, when the decoding process for the
decodi ng target pixel Px' is performed gn. the decoding side, the

predi cted val ue of the decoding target pixel Px' is generated with
reference to the pixel values of the reference pixels PO -P9'
corresponding to the decoding target pixel Px', -but anong the reference
pi xel s PO - P9’ pi xel val ues of the undecoded pixels P2', P61, and P7' are

28/ 08/ 2006 59 2 OREA %dt%t@@csa%dj g & desosﬁ)hralﬁattﬂé"eppkéﬁl walye of

t he decodi ng target pixel correspondlng to the - coding target pixel Px
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predlct% ég§§ becomes dlfflcult when uncoded pixels are included
in the reference pixels P0~P9 corresponding to the coding
target pixel Px as described above, there is taken a
countermeasure in which the predicted value of the coding
target pixel Px is geﬂerated with the pixel values of the
uncoded pixels being regarded as a fixed value which has
been previously set (e.g., 0), and the coding process for
the coding target pixel Px is perfofmed using this
predicted value.

Although the combination coding method with the above-
mentioned countermeasure enables the decoding process to be
a;curately performed for all of the pixels in each block
using their predicted values, since tﬁe pixel values of the
reference pixels being uncoded pixels are uniformly
replaced with a fixed value, the correlation of pixel
values between the uncoded pixel and the coded pixel is
degraded, resulting in the problem that the efficiency in
predicting the coding target pixel, i.e., the accuracy Of.
the predicted véiue of the coding target pixel, is degraded.

The present invention is'subjected to solving the



Al t hough the conbination coding nmethod with the above- nentioned
count er neasur e enabl es the decodi ng process to be accurately perd po 89D d 96
all of the pixels in each block wusing their predicted val ues, since the

pi xel values of the reference pixels be.ing uncoded pixels are uniformy
replaced with a fixed value, the correlgtion of pixel values between the
uncoded pi xel and the coded pixel is d graded, resulting in the problem
that the efficiency in predicting the coding target pixel, i.e., the
accuracy of the predicted value of the coding target pixel, is degraded. -
The present invention is subjected to so Iving the 28/ 08/ 2006 -12
above-descri be

rohl ens, and.has an obj,ect to provide _an_ im processi ng
appar at 5P QhT" ﬁgFr’f&é’gr%r%’é%géfeﬁﬁ ’méatrwlg(]‘,as v c‘ﬁblﬁﬁgcgfﬁbi%o‘éﬂgﬁdﬁﬂt i ve
pi xel - by- pi xel codi ng .process__and a bl pck-by-bl ock_codi n rocess, wi t hout
Gegr adi HJVRSF rPEPRESGHS 7 RBF AFM AN DA helle 4ncBAGE S50l S TRRRogeded
pi xel s, with avoidi ng. that decogingegj a code inage si%gﬁ! becones
di fficulfNiGhdceB FrHRINE o2 BafdAPEISriBigte Wkl TR £ A Lo ih PHBGESS
processi ng programfor realizing  the inmage processing nethod js recorded.
It is arfdthe? BBF@&FQﬁ‘94ﬂ§br€ggﬁPq $otr tBLERPBY FEHRIRGe
processi ng apparatus and an jnage processing nmethod, which can perform an

accur at € Heedtt hgOnprdcduisk§ br V8 1u6Fe P S R styrafednPirramis? been coded,

coded pixels, with avoiding that decoding of a coded image
signal becomes difficult, and to provide a data recording
medium in which an image processing program for realizing
the image processing method is recorded.

It is another obﬁect of the present invention to
provide an image processing apparatus and an image
processing method, which can perform an accurate decoding
process for a coded image signal which!has been coded,
without degrading an efficiency in predictin§ coding target
pixels, and to provide a data recording medium in which an
image processing program for realizing the image processing

method is recorded.

DISCLOSURE OF THE INVENTION

An image processing apparatus according to the present
invention (claim 1) being an image coding apparatus for
successively coding pixel values constituting an image
signal on the basis of pixel values of plurai peripheral
pixels positioned in the vicinity of a coding target pixel,

comprises blocking means for blocking an image signal



wi t hout degrading an efficiency in predicting coding target pixels, and to
provide a data recording nmediumin which an inmage processing progyes/fx506
realizing the imge processing nethod is recorded. DI SCLOSURE OF THE
| NVENTI ON An i mage processing appar at ustccording to the present invention
(claim1l) being an inmage codi ng apparatus for successively coding pixel
val ues constituting an imge signal on the basis of pixel values of plural

peri pher alconpprigirsg poatali ?B&Q' valukBecotirespbhadint té é@ﬁi%l@ ﬁﬁégétdiebflb? ’

conpri ses bl ocking means for bl ocking an inmage ~signal 28/ 08/ 2006 I
conprisin | ' v S [ singhe i e dis

region in 8@%0?‘1{)%‘:30 1(3ac kscgérr%hr% |%ﬁﬁg;§§§ger%éjr}lg Bé@bgﬂrf?é&boe[rl gf%&egs,
outputtin bl ock by bl ock, the pregcribed nynber of pixel values

consti t ut gﬁép}lgféngna@,gc& albqpﬁﬁeaa?F HPRsSeringdy, dyuspbegc of epPdi velussans
for replacing a pixet value of an uncoded pixel. among the peripheral

pi xel s wi chnatitefngctheeimage signabinieachalock; pixelivadde repacingpineansval ue
of a coded pi xel anobng the peripheral pixels on the basis of a prescribed

rule; andfaogeploiB@ns HiRel Vapge \WMan! hpcorede ﬁ&ewmhoﬁgﬁ%é hdidpAEH4A!
- pi xel val ues. 'cgr-"r espondi ng to each bl ock, perfgr m ng, fOr eact bPo' ck, a

5040 BT LSRR ol AT e IR,
pi xel val of é%cocfelaep&rgf%gggn itﬁ%' ﬁer?Bﬁe?aLﬁt Bﬂ{te sI 0 t?mrc]z lgggiesdof ;g%gcﬁiibgcqal '
ruie; and codirig means for receiving the image signal comprising plural
pixel values corresponding to each block, performing, for each block, a
coding process in v;fhich thé respective pixel values are successively
coded on the basis of the pixel value of the coded pixel and the
replacement pixel value of the unqoded pixel, and outputting an coded
image signal.
Since the image coding apparatus thus constructed is provided with the
pixel value replacing means for replacing a pixel value of an uncoded
pixel amoﬁg plural peripheral pixels corresponding to a coding target
.pixel with a replacement pixel value that is obtained on the basis of a
pixel value of a coded pixel among the plural peripheral pixels, when a
block-by-block coding process for an image signal corresponding to a
single image display regioh is perforfnéd pixel by pixel, with reference to -

the pixel values of the pér_ipheral pixels in the vicinity of the coding target



Since the image coding apparatus thus constructed is provided with the

pi xel value replacing neans for replacing a pixel value of an up®ted/2006
pi xel anong plural peripheral pixels corresponding to a coding target

pixel with a replacenent pixel value td& is obtained on the basis of a

pi xel value of a coded pixel anong the plural peripheral pixels, when a

bl ock- by- bl ock codi ng process for an imge signal corresponding to a

single i di ' [ fiQk ' 2 % | ceto
*he pi xel Paaiseon ok B ol R e B e Bl e g

target 28/08/ 2006, 1 ixel  even.though the coding target pixel.abuts on
e bl ockeBt fi Purdl FHiEFeef ioREr e ehels SR AR WeclleEprlhite on
uncoded pixel, a replacenent pixel value having an jnproved correlation
with the TaRlacement pixedvalye baxing gay impspxed norselation with dreepped to as
a pi xel value of the uncoded pixel. . Since this replacenent pixel. value

i s obt ai neslues ofrtlee pithiet pexipheralf pixelodan péreferredttecasia pindlwadtiet he
coding target pix el, on the decoder side, with respect to an undecoded

pi xel to éﬂethé_e\iﬁ;«s&éd texehens i de Al %pléégﬁ&neiﬁiﬁlal, w196 Geds8kaifed

repl acenent pixe

be referged to in.place of its . pi,xel value. Therefore, . it is. possible to
coni ne. droan PR VA 8het 5PYBH Binal iy s SAEDIONRS e radin gt ci |
codi ng process wi thout degrading c¢aqrrelation of pixel values between the
uncoded [Pixel, gRdthedecogiergside with gespect kptan uBAgradednpixelideobeng of

a coded signal becones difficult on the decodi ng side. Thereby, influence
of transmefeired ¢orwhenam kiecodingr tergetl piel by decoded, a replacement

pixel value obtained from a pixe_i value of a decoded pixel can be
referred to in place of its pixel value.

Therefore, it is possible to combine an adaptiw;e pixel-by-pixel coding
process and a block-by-block coding pfocess without degrading
correlation of pixel values between the uncoded pixel and the coding
target pixel, with avoiding that decoding of a coded signal becomes
difficult on the decoding side.

Thereby, influence of transmission error can be converged block by
block, and the coding efficiency can be improved as compared with the
simple block-by-block coding process, and further, a decoding process
for a coded signal which has been coded without degrading the

prediction efficiency of the coding target pixel can be performed accurately.

“val ue obtained froma” pi X val'ue of a decoded pixel can -




bl ock, and the coding efficiency can be inproved as conpared with the

si npl e bl ock-by-bl ock coding process, and further, a. decodi ng p®Lesy2d®é
a coded signal which has been coded wi thout degrading the prediction
efficiency of the coding target pixel Jéh be performed accurately.

28/ 08/ 2006 According to the present invention (claim?2), in the inage
coding apparatus of claim1, the pixel value replacing neans is -

construct atcpRdisy L& Al Presdfit ARPIRAETRIAIR 8§ iKalthe anaté[’eﬁeéag ﬁoged

pi xel , a pixel value of a coded pixel which is positioned at t est
spatial di_stan f r.o he,upncoded pi-xel .. Since in the inmage co

abpar at us L ACHs bRk, R PHRe e, roplefiie mEad s FHISERSIHT B8 | s
the nearest to the uncoded pixel is enployed as the replacenent pixel

val ue of @FctusERIeY, psxdreplacement pixali wHuscelitlae unoaded pisele fepixei xel
val ue of the uncoded pixel and the pixel values of the peripheral pixels
can be i nyatwedf arcaded pixeltwhidieippesitionaedatthe shartést spafial distaheei nage
coding apparatus of. claim1l1, the pixel value replacing nmeans is

const ruct gebriGhedintSd&dRige). as a replacenment pixel value of the uncoded
pi xel’; a pixel value of "a coded pixel which is positioned at the shortest

spatial di C romthe coded pi xel .and on the sa hori zont al
scanni ng ﬁ%hgg’a@ ﬁél & 8&8?3"%%?@332@%5@}1% FPOSiur ethceoH’r’ﬁ‘F V&Z%%P&t us
t hus constructed, the pixel value of the coded pixel which is the nearest
to the untBesgdsdxeixel ehigh isnthe neatestdo thmumcosied pixe) is ienaployedhas
uncoded pi xel is enployed as the replacenent pixel value of the uncoded
pi xel , t hthe epplacement pixed ivaha¢ of the funduwded pixkld the oeirrelatiomebetwesmed by
a. si.nple nmethod, such as to hold .

the replacement pixel value of the uncoded pixel and the pixel values of

the peripheral pixels can be improved.

According to the present invention (claim 3), in the image coding
apparatus of claim 1, the pixel value replacing meaﬁs‘ is constructed so
as to employ, as a replacement pixel value of the uncoded pixel, a pixel
value of a coded pixel which is positioned at the shortest spatial distance
from the uncoded pixel and on the same horizontal scanning line as the

| uncoded pixel.

Since, in the image coding apparatus thus constructed, the pixel value of
the coded pixel which is the nearest to the uncoded pixel and on the
same horizontal scanning _line'as the uncoded pixel is employed as the
replacement pixel value of the uncoded pixel, the replacement pixel value

of the uncoded pixel ean-be obtained by a simple method, such as to hold



28/08/2006 16 the pixel value of the coded pixel for a prescribed period

of tinme. According to the present invention 9claim4), in the I7RE6879Y 06
apparatus of claim1, the coding neans is constructed so as to conprise a

predi ction value generator for generatiny6 a prediction pixel value for
the coding target pixel, on the basis of the pixel value of the coded
pi xel and the replacenent pixel value of the uncoded pixel; and an encoder

o1 000! 0 helpELET 9Bt e SEIUIGAEhFob o Bl P b:hq i o 0o

" pixel and the “prediction pixel ’ bdlggtﬁrg o

out putting e ecode I.fference val ue, .blo ock, as a coded |mage
signal . Si rﬁ‘é&o’f%n{%gomegé)r(?g&ﬂ?g’%‘fﬁﬁpgpuéc{ad\é% ‘bmr}? Fﬁﬁc’t"éﬁ,gﬁ?@émg
di fference val ue between the pixel value of the coding target pixel and
the predi cBRPRIRYEY farlaims leddw cadiag: saeams oisf conmtryctad sbeas to

I ncreased by reducing the code quantity required for coding the pixel

val ue of tleempdisy a pregdictioreivalvecgeneratorofdihgepeeathiginpedietioge! ai m
5), in the inage coding apparatus of claim1 or 4, the coding neans is

const 1 uct epige] dalued 1SF! G AR Rdgel PixBPIbRI thENBAIXbe {REIBiRL LN

coding target pixel, on the basi p1 xel val ue. e co prXel

AL 70, IV R R e SRR S L O S
| uhcoded pixel; and an encoder for coding a difference value
between the pixel value of the coding target pixel and the
prediction pixel value of the coding target pixel, and outputting
the coded difference value, block by block, as a coded image
signal.

Since, in the image coding apparatus thus constructed, the
difference value between the pixel value of the coding target pixel
and the prediction pixel value is coded, the coding efficiency can
be increase3d by reducing the code quantity required for coding
the pixel value of the coding target pixel.

According to the present invention (claim 5), in the image coding
apparatus of claim 1 or 4, the coding means is constructed so as
to select code words for qoding; the pixel value of the coding
.target pixel, on the basis of the piiel value of the coded pixel and
the replacement pi_xél'value of the uncoded pixel.

Since, in the image coding apparatus thus constructed,



code words for coding the pixel value of the coding target pixel are
selected on the basis of the pixel value of the coded pixel anddegg/2006
replacenent pixel value of the uncoded pixel, in a coding process for an

i mge signal, a highly efficient coding Bfocess can be realized by
adaptively changing the code words pixel by pixel. According to the present
I nvention (claim®6), in the imge coding apparatus of claiml1 or 4, the

codi ng nearpdes wisrds focceding @e ep%h?ﬁ% cg ﬂﬂ@%@lh@ﬁ?@?l 1exe(%fa1£ehe

corresponding to codes for arrthnetically oding .the p

coding tar | xel th asis,.,of .th L xel ue o he coded, pi xel
and t%e re%?g%%f)%?ﬁ&bgﬁ L Qf e Pﬁéeﬁﬁ%ﬂgo‘)%%glgoéﬁé Rlﬁeg(ﬁfrf%rq}ﬂean
arithnetic cogeib‘?g process . for the coding targ:t.pi xel on the basis of the
sel ected prEBMAFFMERt pixal valug mfethe mnpededapixdodimg spdimatprocdass
constructed, a probability table corresponding to arithmetic codes for

codi ng theforodingmageesignadel ai shipghilgctedficiont heodiasd sppécéde azelbeval ue
of the coded pixel and the prediction pixel value of the uncoded pixel,

and codi ngegfizéAbpaxRiptivélyechahging RILHde Wobees flkéfby siR4! formed, a
?bg perlt; g(; a{ﬁ ye?y

hi ghly efficient. coding procéss ca or med apti changi ng

th babiyl.i I ixel. i.xel . .int arithnetic codin rQcess.

Acgoftrjiong {L\g Cbﬁghﬁge@erﬁﬁei ﬁb%%(?gﬁ)ﬁ( ention #?a’rﬂeé?@lggﬁfgd@a&% qpoﬁﬁfﬁg |
di t of claim1 further conprises |ocal ecodi ng neans for

Sgcég?ngpf grsl%ﬁigiszlévsvéjl %akalwf 1 g %ode cpding means is constructed so as to

select a probability table corresponding to codes for arithmetically
coding thé pixel value of the coding target pixel, on the basis of
the pixel value of the coded pixel and the replacement pixel value
of the uncoded pixel, and to perform an arithmetic coding process
for the cdding target pixel on the basis of the selected probability
table.

Since, in the image coding apparatus thus constructed, a
probability table corresponding to arithmetic codes for coding the
coding target pixel is selected on the basis of the pixel value of the
coded pixel and the prediction pixel value of the uncoded pixel, and
coding of the pixel value for the coding target pixel is performed, a
highly efficient codin‘g process can be performed by adaptively
changing the. probab,ility table, pixel by pixel, in the arithmetic
éoding process.

According to the present invention (claim 7), the



generate a | ocal decoded pixel value; wherein the pixel value replacing

nmeans is constructed so as to replace the pixel value of the ungpfgd /i@
with a replacenent pixel value that is obtained froma |ocal decoded pixe
val ue corresponding to the coded pixel on the basis of a prescribed rule;
and the coding neans is constructed:ya§F to performa non-reversible
coding process for the pixel value of the coding target pixel, on the
basis of the | ocal decoded pixel val ue of tre coded plxelhanq t he

repl acenent pi xel al ue of the uncoded pixel. Since, in the inmage

pr gcessi ng‘n&gﬁﬁr é:tQSis{‘ntgwué‘PPéﬁ§f\1§ctC\*fd,CIﬁH@ horfutdher sigsmapeintisnglonadcess
for the pixel value of the coding target pixel is performed on the basis

of the decteredisigehegnsufor dbtadimg the pixelivaguehef phaadodeal yaxef tbhe
coded pi xel, the pixel values of the peripheral pixels to be referred to

in the norgeriéngtesiab! 1BceQdidedole@C asixel Oval e, GRfERSid af1et phRicielafgR be
g &

i dentical to pixel values of peripheral pixels to be reterr to I'n

' ' i xel,  whereb d ' i gnal
obt ai ned by PoRee aneBrErEP BN AEAR N B8 eq HERIEH el Bl e htes %ot

t he peri ral_pixels can, be accurately decoded _on_ the decoder side.
Accolrodi ng Pﬁ&oﬁfeégéﬂf{q r’f‘@éﬁt fdeRlacams®Y pixal mrduo gl rpobtainede

codi ng apparatus of claim?7, the coding neans is constructed so as to
conprise 4remedi lagahdespdedgpirelavalu¢ morrgepenatinggta theechded guixel xel
value for the coding target pixel, on the basis of the |ocal decoded pi xel
val ue of toe tloeleBapixebfaad prescribed rule; and the coding means is
constructed so as to perform a non-reversible coding process for
the pixel value of the coding target pixel, on the basis of the local
decoded pixel value of the coded pixel and the replacement pixel
value of the uncoded pixel.
Since, in the image processing apparatus thus. constructed, the
non-reversible coding process for the pixel value of the coding
target pixel is performed on the basis of the decoded pixel value
obtained by decoding the pixel value of the coded pixel, the pixel
values of the peripheral pixels to be referred to in the non-
reversible coding process for the coding target pixel can be
identical to pixel values of peripheral pixels to be referred to in a
decoding process for a decoding target pixel, whereby a coded
image signal obtained by the non-reversible coding on the basis of
the pixel values of the peripheral pixels can be accurately decoded

on the decoder side.

According to the present invention (claim 8), in the



t he repl acement pixel value of the uncoded pixel; and an encoder for
coding a difference val ue between the pixel value of the codinggang92006
pi xel and the prediction pixel value of the coding target pixel, and
outputting the coded difference value, BBock by block, as a coded inmage
signal. Since, in the inmage coding apparatus thus constructed, the

predi ction pixel value for the coding target pixel is generated fromthe
pi xel val t d e c [ . val t
uncoded pﬁ)%é?,gea%(?ﬁggdiaﬁ#ﬁg}e%@yv?:?ueélggl?\ae?r{et heé) %IS)L(% é vaeet?‘g{%f ri?he
coding target pixel and its predictipn pixel ,value is coded, the caqding
ef fici enc;f:%:"é?l&l}bcqeﬁf)lrscﬂ/&? 6@’ COMPBTIRG & Rredistionaralus generatar &8?
codi ng the pixel value of the coding target pixel. According to the
present i rgenetatingchapnediction pixeli valyre dodithe cedingatargeds piztel, o or
8, the coding neans is constructed so as to select code words for cod ing

-the pi xeltheabsssief of hBechstdl0 decoteet rpﬁkmelvam@ ofeHasbdcd pikel lard!
decoded pi xel value of the coded pixel and the repl acenent pixel val ue of

t he uncod ' i [ i cadi P t hus
construct gga,eptéﬁgacc\%%{regg ﬁg’?élc‘c’) P%g ﬁ%ﬁi@%#gggﬁ:g%g?l’%&%b%ieﬁgésggget _
pi xel are, sel ect.ed on basi s of .the_pixel value of the coded pixel and
the repl dPEnSRAIPE S 5&?&?1&?%%1‘&%@&6&%%@? pixel wriug ‘ﬂfogb%s '

for an image signal, a highly efficient coding process can be realized by
adapt i vel gostinggitaggehepizedeandr beppredickiopi pikel value of the coding

target pixel, and outputting the coded difference value, block by
block, as a coded image signal. B

Since, in the image coding apparatus thus constructed, the
prediction pixel value for the coding target pixel is generated
from the pixel value of the coded pixel and the replacement pixel
value of the uncoded pixel, and the difference value between the
pixel value of the coding target pixel and its prediction pixel
value is coded, the coding efficiency can be improved by reducing
the code quantity required for coding the pixel'value of the
coding target pixel.

According to the present invention (claim 9), in the image coding
apparatus of clairh 7 or 8, the coding means is constructed so as
to select code words ’for coding- the pixel value of the coding
target pixel, on the basis of the local decoded pixel value of the

coded pixel and the replacement pixel value of the uncoded pixel.



According to the present invention (claim10), in the inmage coding
apparatus of claim?7 or 8, the coding neans is constructed so 3B 1 @85Sl 0é
a probability table corresponding to codes for arithmetically coding the
pi xel value of the coding target pixel20on the basis of the pixel value of
t he coded pixel and the replacenent pixel value of the uncoded pixel, and
to perform an arithnetic coding process for the coding target pixel on the

basi s of tB¢nsel el echerighape! bbuihgg!ﬁgéfggﬁ thué heon'@eficted "Sode

apparatus thus constructed, "a prob e corresponding to
arithmetic_caodes Jfor_ codi ng,the . coding tar i xel. 1s selected gn the
basis of tALTSSdPT v%?‘glél%%he[ t&“x&gdgﬁ ?x%? et%ﬁ:gcto nﬁeﬁ?ﬁﬁﬁﬁemx i REF

val ue of the uncoded pixel, and coding_ of the Ei xel value for the coding
target pixe¢laectedpensidiarbasia afi e piselivalave ot sheneodedcpixelcandothe
performed by adaptively changing the probability table, pixel by pixel, in

the arithreplacemdnbgpixedortdne 8HY dHfoded pirel,nhyer doctidighprapess at us
according to the present invention (claim11l) being an i mage decodi ng

apparat us fqf aﬁ?cﬁﬁ'ag‘& _s?%l?&i(, by hh%}gﬁt’eﬁiﬁeﬂ?dcbﬁﬁggr ggg-&@ sMUaG B

obt ai ned by perform tor ‘eac conprising a | cribed nunber of

Successi v AL Een Y sitliivel.f Bandine he Bin wsdpirel B3CPitHer el

pi xel s positioned in the vicinity of a coding target pixel, conprises

pi xel valdeceehingitq) Hranpresentejnyenticn g¢l>aém vépﬁe in sheuimagried
coding apparatus of claim 7 or 8, the coding means is
constructed so as to select a probability table corresponding to
codes for arithmetically coding the pixel value of the coding
target pixel, on the basis of the pixel value of the coded pixel and
the replacement pixel value of the uncéded pixel, and to perform
an arithmetic coding process for the coding target pixel on the
basis of the selected probability table.
Since, in the image coding apparatus thus constructed, a
probability table corresponding to arithmetic codes for coding the
coding target pixel is selected on the basis of the pixel value of
the coded pixel and the replacement pixel value of the uncoded
pixel, and coding of the pixel value for the coding target pixel is
performed, a highly efficient cod.in.g process can be performed by
adaptiveiy ch'angi-n-g the probability table, pixel by pixel, in the

arithmetic coding process.



pi xel anong plural peripheral pixels positioned in the vicinity of a
decoding target pixel, with a replacement pixel value that is og2ap89%006
froma pixel value of a decoded pixel among the plural peripheral pixels
on the basis of a prescribed rule; deco@ﬂ-ng means for receiving the coded
I mage signal conprising plural pixel values corresponding to each bl ock,
perform ng, block by block, a decoding process in which the respective

pi xel val vas hﬁageudeesdiﬁg|adeeacdﬁda@_ﬁoi'@ﬁlé)at%i shef présent Xiglvertiow of
t he decoded pi xel and the replacenent pixel value of the undecoded pixel,

Mver e BTieag L) BEREAp TR e AR, T de el ﬂ%ﬁil@%k 5
| . t
Gacoded | BEKs: R IPRGES. SIEAl Mhichds ot biringd By Be@minge for

decoded image signal - having a scanning line structure is output as a

28/ 08/ 200€ack blegk cchrprisimgy@ prgsatibest meupbedi of) pixels, sa rptecdssaiye
display screen. Since the image decoding apparatus thus constructed is
provi ded which tigepi weluesldoh 1eBh figigh GriEidisgé Osigrll aFkNgudclbgifkelyal ue
of an undecoded pi xel anong plural peripheral pixels positioned in the

vicinity qf di t Jpi | r epl acensn ' al ue _t hat
s ot al neRUed (" $88, VAGIST o Piel Mafdy "6P SERHT ) netfierdl el
pl ural peripheral .pixel.s, when a bkock-b .- bl gack ecoding process faqr ~a
coded ' | mRGSIEPHSS 1R SHe JIGHIEOf & £oding Largal RIXel [FAMBTERES PIXEL
performed pixel by pixel, with reference to the pixel values of the
value replacing means for replacing a pixel value of an undecoded

pixel among plural peripheral pixels po_éiti'oned inl the vicinity of a
decoding target pixel, with a replacenient pixel value that is
obtained from a pixel value of a decoded pixel among the plural
pe_ripher.al pixels on the basis of a prescribed rulé; decoding means
for receiving the coded image signal comprising plural pixel values
corresponding to each block, performing, block by block, a decoding
process in which the respective pixel values are successively
decoded on the basis of the pixel value of the decoded pixel and the
replacement pixel value of the undecoded pixel, and outputting a
decoded image signal corresponding to each block; and inverse
blocking means for combining the decoded image signals
corresponding to the reépective blocks to convert these signals to a
decoded image signal having a scanning line structuré; wherein the

decoded image signal having a scanning line structure is output as a



peri pheral pixels in the vicinity of the decoding target pixel, even
thodgh the decoding target pixel abuts on the block boundary andgtthg/2006
plural reference peripheral pixels include an undecoded pixel, a
repl acenent pi xel val ue having an inpréﬂ%d correlation with the pixel
val ues of the other peripheral pixel can be referred to as a pixel value
of the undecoded pixel. Therefore, it is possible to realize a decoding
met hod i nreBréueed asape wegmak dorP¥spondinget®dh nginglec enugdndisplay
bl ock- by- bl ock decoding process are conbi ned wi thout degrading correl ation
of pi xel §é%§s bet ween the und ecoded pi xel and the decoding target
pi xel . TRer & y, it is possible to accurately decode a coded i nage signal
that has _heen goded by a,codinhg nmethod . in i ch an adaptiyve pixel,
28/ 08/ 20081198 @}e ec%ﬁcré;m& GRRAratNg iﬂbus()ewnwrwm igoBravidsdocess
are conbined. According to the present invention (claim12), in the inage
decodi ng wippdhst pixelfvalugi replacingenpars| forataplachyg acpikelmealue ofan
constructed so as to enploy, as a replacenent pixel value. of the.
undeco. deginiec®dedd pinKQim‘b@ﬂgU?lﬁfrali ﬁéﬁﬁﬁ‘éﬂaplﬁi&HWSHticﬁlé@Sﬂd itpreed at
t he shortest spatial distance fromthe undecoded pixel. Since, in the
i mage decogi; r : . t i 1decoded
pi el whi iRy, PER déotiuind g ik B b Kl EBnen i) Stlie il
repl acement . pi xel val ue of the undecoded pixel, the _correlation befween
he rop! ateRBtamsd, an T besth of R PUrkIcEHe10h AFCodsl RIKEl BFRORE Hheues of
t he peripheral pixels can be inproved. .

plural peripheral pixels, when a block-by-block decoding process for

a coded image signal corresponding to a single imé.ge display region
is performed pixel by pixel, with reference to the pixel values of the
peripheral pixels in the vicinity of the decoding target pixel, even
though the decoding target pixel abuts on the block boundary and
the plural reference peripheral pixels include an undecoded pixel, a
replacement pixel value having an improved correlation with the pixel
values of the other peripheral pixel can be referred to as a pixel value
of the undecoded pixel.
ITherefore, it is possible to realize a decoding method in which an
adaptive pixel-by-pixel decoding process and a block-by-block
decoding process are coilnb'i'neld-without degrading correlation of pixel
values between the undécoded pi_xei and the decoding target pixel.
Thereby, it is possib_le. to accurately decode a cod.ed image signal that

has been coded by a coding method in which an adaptive pixel-



According to the present invention (claim13), in the inmage decoding
apparatus of claim 11, the pixel value replacing neans is constragted/ 0
~as to enploy, as a replacenent pixel value of the undecoded pixel, a pixe
val ue of a decoded pixel which is posit28ned at the shortest spati al

di stance fromthe undecoded pi xel and on the sane horizontal scanning |ine
as the undecoded pixel. Since, in the inmage decodi ng apparatus thus

construct t. pixel _value of the decoded,pixel .which is the nearest to
t he undecglg%?’%%e#&?% RPSERE ég‘r?g %of’?‘%‘gﬁ‘t@l’ﬁ nFOYNG Rrogsessyare
undecoded pi xel, is enployed 28/ 08/ 2006 24 as the replacenent pixel value
of the un eﬁixel, the replacenent pixel value of the undecoded pi xel
can be obtained by a sinple nmethod, such as to hold the pixel value of the

decoded pAeedrding to phesprédeart jrevémtionf(claime. 12 cer dhéginh@%é Riedodagnt
i nvention (claim14), Jn. the image decoding apparatus of claim 11, the

| nvent m . | mage . of
ecodi ng NEPErd i BP!&féﬁHCiP,dthé?ﬁ%ﬂ%%t%?@élﬁ%ﬁgéfﬂéﬁﬂh%' e&gﬁu&gd

generator for generating a predi or the decoding target
pi xel, on,_th asi f _the pixel value.of the d ded pj xel, and. t he
r epl acemeri® ﬁg;g)l g{piqlﬁg, age f‘lg\%laﬁﬁmtdgﬂ‘ediv pe ntgmauﬁlngSQFafBllxeT' a -
generating-a decoded pixel value by decoding the pixel value of the
decodi ng tRixgbtvalugeof aadeaceder npixehewhieh i iresitioned a4l the oshertest
decoding target value to the decoded pixel value. Since"" in the inmge
decodi ng =pmtialt distahoe feomstheanelécoded ppretdi ction pi xel value of the
decodi ng target pixel is generated from
Since, in the image decoding apparatus thus constructed, the pixel
value of the decoded pixel which is the nearest to the undecoded pixel
is employed as the replacement pixel value of the undecoded pixel, the
correlation between the replacement pixel value of the undecoded pixel
and the pixel values of the peripheral pixels can be improved.
According to the present invention (claim 13), in the image decoding
apparatus of claim 11, the pixel value replacing means is constructed
so as to employ, as a replacement pixel value of the undecoded pixel, a
pixel value of a decoded pixel which is positioned at the shortest
spatial distance from the undecoded pixel and on the same horizontal
scanning line as the undecoded pixel.
Since, in the image decoding apparatus thus constructed, the pixel

value of the decoded pixel which is the nearest to the undecoded pixel

and on the same horizontal scanning line as the undecoded pixel is employed



the pixel value of the decoded pixel and the replacenent pixel value of

t he undecoded pi xel, and the prediction pixel value is added to2dh§8/2006
decoded pi xel value of the decoding target pixel, it is possible to
accurately decode a coded 'inmge si‘gnal 28hat is obtained by coding a

di fference value between a pixel value of a coding target pixel. and its
predi ction pixel- value. According to the present invention (claim115), in

the i mage _decqding_ a I . a| I t ' ns ¢4

28/ 08/ 2o|06a~°>25tf nlePHRRtEE gl ke, %goﬁeemﬁggﬁﬁgﬁ%ﬂgggf‘ﬂé he

pi xel value of the decoding target pixel, on the,basis of the npixel,value
of the detentargmgat Wlt‘f?éuteeﬁf éb@n’éﬁldeﬁio%@ﬂ PRfGleCRR ﬁe&?ﬁg‘é’(?gdgéf

pi xel . Since, in the inage decodi ng apparatus thus constructed, code words

for decodi agsimgplpi methed, usuch aketaldvaldi thet pixgt valuelofatbe derededd on
the basis of the pixel value of the decoded pixel and the replacenent

pi xel val ug;pf) tde dscd Rietgbd dfttihfe.possible to accurately decode a
24 deapioeatsetniony or v

coded i mage signal s obtained in a highly efficient coding process

%: f’tmﬁfcg’l teeﬁ‘fz ﬁ?é‘é{tgé ﬁ:gé B Ity BRTIREAC LAY B0 The PHEREE 10
bt obabi || t fecaBi BERPRSHOHUPAGIETTch e dhF HECTR e FRATLS1F,P HeR BAHHAC he
g:‘XteLevggggdgasgEgegggfgigge;a;ggéic@iégl {'ah?: gtehneerbaatf)irsf(?xlj gtgr?elpailt)gglg \z—;.al ue
prediction pix_el value for the decoding target pixel, on the basis of
the pixel valué 6f the decoded pixel and the replacement pixel value
of the undecoded pixél; and a decoder for generating a decoded
pixel value by decoding the pixel value of the decoding target pixel,
and adding the prediction pixel value of the decoding target value
‘to the decoded pixel value.
Since} in the image decoding apparatus thus constructed, the
prediction pixel value of the decoding target pixel is generated from
the pixel value of the decoded pixel and the replacement pixel value
of the undecoded pixel, anci the prediction pixel value is added to
the decoded pixel value of the decoding target pixel, it is possible to
accurately decode a coded“ir’r_lage signal that is obtained by coding a
- difference value betweé‘n a pixel fralue of a coding target pixel and
its prediction pixel value.
According to the present invention (claim 15), in the image

decoding apparatus of claim 11 or 14, the decoding means is




repl acenent pixel value of the undecoded pixel, and to perform an
arithnetic decodi ng process for the decoding target pixel on theg begi/20d6
the selected probability table. Since, int he i mage decodi ng appar at us
thus constructed, a probability table @8 responding- to arithmetic codes
for decoding the decoding target pixel is selected on the basis of the

pi xel value of the decoded 28/ 08/ 2006 26 pixel and the replacenent pixel

val ue of the ecaded pi xel, and, decodi ng,of. th i xel value for the
decodi ng tgorrb%{}qbq(\tggl SpAS 3&?%%0‘30 & ‘Y%’%p%ggﬁ' ﬂeeé;pot‘ﬁngcmﬁ eH%Fi/) V@iBSde a
coded image, signal that is obtained in an arithmetic coding process in

whi ch t heolptlhgadecoding dorget pizghponvshe basisgel thiex plixely vaiwel of shei mage
codi ng met hod according to the present invention (claim17) is an inage
codi ng netdembded pitdloamdghef @bpw@éinehltoﬁkxaovﬁlﬁéi 60 thePnesdecbeed
nunber of pixels, a coding process in which pixel values constituting an

| mge ' si |, are successively coded on the basis of pixel values of
plural peripheral pixels positioned in the vicinity of a coding target

pi xel , wheg.ein Wwith yespect to,a coded pixel anong the plural eri pheral
pixels, it %&%Xefnvglﬁeg)%gfetd%? %f%}l%?ﬁ?é%. ;}g‘lu_svaq trét‘ﬁtﬁ?gwi ?-‘Ede |
~respect to an uncoded pixel among the plural peripheral pixels, a
r epl aceneossisdprvdecedingithe pixelbvalue®f thodetodingl targatepitelaaroded:
pi xel anong- the peripheral pixels on the basis of a prescribed rule, is
set as a melectentonpthelbasisusf thamsixeheadialf tid decotedhpiksldang tige get
pi xel is coded on the
replacement pixel value of the undecoded pixel, it is possible to
| accurately decode a coded image signal that is obtained in a highly
efficient coding process in which the code words are adaptively
changed pixel by pixel.
According to the present invention (claim 16), in the image decoding
apparatus of claim 11 or 14, the decoding means is constructed so
as to select a probability table corresponding to codes for
arithmetically decoding the pixel value of the decoding target pixel,
on the basis of the pixel value of the decoded pixel and the
replacement pixel value of the undecoded pixel, and to perform an
arithmetic decoding process for the decoding target pixel on the
basis of the selected probability table.
Since, in the image decoding apparatus thus constructed, a probability

table corresponding to arithmetic codes for decoding the decoding target

pixel is selected on the basis of the pixel value of the decoded



basis of the reference pixel values set for the plural peripheral pixels
-for the coding target pixel, thereby generating a coded i mage 234 008l 2006
corresponding to the image signal. Since, in the inmge codi ng nethod thus
constructed, 28/ 08/ 2006 27 The inmage shgnal is blocked correspondingly to
respective blocks on a single inmage display region, and the pixel value of
the coding target pixel in each block is coded with reference to the pi xel
values of the perjpheral pixels, and at this tipme, when the peripheral
pixel s Bl’é%‘déﬂdlpfgélljem%eﬂ@(’ét rixel @alye af thegandscoged ,tamd

peri pheral pixel is an uncoded pixel, a replacenent pixel value that is
obt ai ned fdecodipgxaf whieuepidela valded forxethe sdeebdingdtapgen phasde isof
its pixel value, in the coding process, even though the coding target

pi xel abUt?ePEbﬂrﬁ@d?' pckgb bYe apd LBeurLYER _d%}&&@n € colfd H@ﬁagk

pi xel s i nclude an uncoded pi xel, a replacenent “pi x val ue having a

| nproved c e | W I xel_ valu of..the .ot her peripheral .pixels
can be refgm%laggggsl\@aggﬁtégr&g\} & &1 @e%ﬁc%%%ﬁl%i é’l%.es§i H&e‘”i‘h&é
repl acement, pixel value is obtained froma_ pixel -value of a coded pixel
in the vicihf Brofahiltyctrbleyls adantiyghuehanged pixgbdaupixel.de, with
respect to an undecoded pixel to be referred to when a decoding target .
pi xel is deénodesage rcediagemethop xetcoadirgg otd athed pregena fihxehtiGhue of
a decoded pixel can be referred to in place of its pixel value. Therefore,

ot B IO 08 RSB e, X SherEfhith PTG iohn

block comprising a prescribed number Qf pixels, a coding process
in which pixel values constituting én image signal are
successively coded on the basis of pixel values of plural
peripheral pixels positioned in the vicinity of a coding target
pixel, wherein with respect to a coded pixel among the plural
peripheral pixels, its pixel value is set as a reference pixel value
and, with respect to an uncoded pixel among the plural
peripheral pixels, a replacement pixel value, which is obtained
from a pixel value of a coded pixel among the peripheral pixels on
the basis of a prescribed rule, is set as a réference pixel value;
and the pixel value of the coding target pixel is coded on the
basis of the reference _piX(;l values set for the plural peripheral
pixels for the codingltarget pixei-, thereby generating a coded
image signal- corfe_sﬁonding to the image signal.

Since, in the image coding method thus constructed,



of pixel values between the uncoded pixel and the coding target pixel, with
28/ 08/ 2006 28 avoiding that decoding of a coded signal becones HJo8IHY 06
on the decoding side. Thereby, influence of transmi ssion error can be
converged bl ock by block, and the codi %9 efficiency can be inproved as
conpared with the sinple bl ock-by-blocK coding process, and further, a
decodi ng process for a coded signal w thout degrading the prediction
efficiency of the coding target pixel can be perfornmed accurately. An inm
ge decodi n§hendnage dsnblackedheoprespendinglynta saspectivenblogksi enan

i mmge decodi ng nmethod for decoding, block by block, a coded image signal
which is oatsinglé bmnage idispiay, regionpaghdbithekpixalmpalwe nef aher @edihged
nunber of pixels, a process in which pixel values constituting an inage

O e PRI ShycAOH HloBR 1E0liER RitiPTeRirtSleeifl YRR kel Viifs

peri pheral pixel’s positioned int Vi Clni 0 codin pi X
wherein w respect.to decpded pi xel, amn plural peripheral pixels,
its pixel @QF‘Bg %rlg&erggpdx? e"’}%‘ﬁcge(t &‘}ﬁemlg"aﬁr Jehen fhie ﬁ“’?’r?%%"saéeﬁ’qulo an
undecoded pi xel apong the plural peripheral pixels, a replacenent pixel
val ue, .whiigh & scombedi m¥ekr ita apizetevaluel ie pefearetdctolecamd xathemohlet he
peri pheral pixels on the basis of a prescribed rule, is set as a reference
pi xel val yseriphéral gixel is @l umaided ¢irelli aardplageineditxpixdlsvaRfO¢REL ON
the basis of the reference pixel values set for the plur al peripheral
pi xel's foristdtaARc@8frédR% piRel value of a coded pixel is referred to in place
of its pixel value, in the coding process, even though the coding
target pixel abuts on the block boundary and the plural reference
peripheral pixels include an uncoded pixel, a replacement pixel
value having an improved correlation with the pixel values of the
other peripheral pixels can be referred to as a pixel value of the
uncoded pixel. Since this replacement pixel value is obtained from a
pixel value of a coded pixel in the vicinity of the coding target value,
on the decoder side, with respect to an undecoded pixel to be
referred to when a decoding target pixel is decoded, a replacement
pixel value obtained from a pixel value of a decoded pixel can be
referred to in place of its pixel value.
Therefore, it is possible to combine an adaptive pixel-by-pixel coding

process and a block-by-block coding process without degrading correlation

of pixel values between the uncoded pixel and the coding target pixel, with



decodi ng target pixel, thereby generating a decoded inage signal
corresponding to the coded i nage signal. Since, in the imge de‘ﬂﬂ}@S/ZOOG
met hod thus constructed, a process in which the pixel value of the
decodi ng target pixel in each block is -g(lccessi vely decoded with reference
to the pixel values of the peripheral ﬁ els, is perfornmed for each bl ock
conprising plural pixels, and at this tine, when the peripheral pixel is a
decoded pixel, its pixel value is referred to, and when the peripheral

pi xel is avoistingc sheti decaslingaof epl aodednsignalebecames tdifficult ot aheed
from a -pixel value of a decoded pixel is referred to in place of its

pi xel  val decodihg SRle.decodi ng process, even though the decoding target

pi xel abuts on the bl ock boundary and the plural reference peripheral

pi xels in ' r.epl acenent pixel val ue Vi ng, an

i npr oved ggygg?@?’l ﬁﬁ%gﬁggg%fgk@%flﬁﬁégﬁegw i let ﬁgpvﬁ’équpﬁgpﬁ B¥xel s
can be referred to a pj.xel yalue of the  undecoded pixel. Therefore, it

i s possi bl ]glrot‘%' rand %E‘E %dedggcfd%ﬁﬂa% f8n be imnreNed as gampares with the

pi xel - by- pi xel decodi ng process and a bl ock-by-bl ock decodi ng process are
combi ned - vi¥inmpler birak-hyrblgckosodingt pvocess, qddurthdnes deeoding proeess
.undecoded pi xel and the decoding target pixel. Thereby, it- is possible to
~accuratel yfoflea ooded sigdall witheat @égralinghahe d'i’@ﬁ@ncéﬂﬁgexgé‘yaoﬁ?ﬂé ng -

met hod in which an adaptive pixel-by-pixel coding process an

a. bl ock- bkolaiﬂ'gcﬂ&rgefjbﬂ&l RafChe %e%?&%é&%c%uré%&y?r e combined.
An imége decbding- method according to the present invention (claim
18) is an image decoding method for decoding; block by block, a coded
image signal which is obtained by performing, for each block
comprising a prescribed number of pixels, a process in which pixel
values constituting an image signal are successively coded on the basis
of pixel values of plural peripheral pixels positioned in the vicinity of a
coding target pixel, wherein with respect to a decoded pixel among
plural peripheral pixels, its pixel value is set as a reference pixel value
| and, with respect to an undecoded pixel among the plural peripheral
pixels, a replacement pixel value, which is obtained from a pixel
value of a decoded pixel among the peripheral pixels on the basis
of a prescribed rule, is set as a ret_’erence pixel value; and a pixel
value of a .decoding target pixel i;<s decoded on the basis of the

reference pixel values set for the plural peripheral pixels for the



A data recording medium according to the present invention (claim19) is a
data recordi ng medi um contai ning a program for perform ng an i YL 8l/PFd6
coding process or decoding process, wherein the programis an inage
processi ng program for maki ng a conput eggoerform processing of an image
signal by the image coding nethod of cld™m 17 or the inmage decoding method
of claim18. Enploying this data recording nmedium error propagati on when
a transm ssion error occurs can be converged bl ock by bl ock, and the

codi ng ef f decedingctargat pingk otherehy gemexatihgia hdedwded nihage signal

bl ock- by- bl ock coding process, and further, it is possible to accurately

perform acderesharaditi@eothel 6deéd ¢Rge sigiadl W thout degrading a
predi ction efficiency g(;f a coding target pixel, and to accurately decode a

' . S d dj t i n_whi ch
cdapti ve. peiapdy i Hilmlas SRR Bleentlt B B8 RARA, A rtohFrg 1h

] i ned. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
b1 ock i agPAHER! FS Prelnealte oF the deepdingtaaget migel daPaghaplecktiss

according to a first enbodinment of the present invention. Figure 2 is a
flowchart successiyely odesedsdepxithf r2f#efic@00® ti: lporievailuog ofpitkel

val ue of an uncoded pixel in a coding ' | o
peripheral pixels, is performed for each block comprising plural
pikels, and at this time, when the peripheral pixel is a decoded
pixel, its pixel value is referred to, and when the peripheral pixel is
an ﬁndecode_d pixel, a replacement pixel value that is obtained from
a .i)ixel value of a decoded pixel is referred to in place of its pixel
value, in the decoding process, even though the decoding target
pixel abuts on the block boundary and the plural reference
peripheral pixels include an undecoded pixel, a replacement pixel
value having an improved correlation with the pixel values of the
other peripheral pixels can be referred to as a pixel value of the
| undecoded pixel.
Therefore, it is possible to realize a decoding method in which an
adaptive pixel-by-pixel decoding process and a block-by-block
decoding process are combined Without degrading correlation of
pixel values between_tﬁe undecoded pixel and the decoding target
pixel. 'Thereby, it is posé'ible to accurately decode a coded image

signal that has been coded by a coding method in which an adaptive

- pixel-by-pixel coding process and a.block-by-block coding process



process by the image coding apparatus. Figure 3 is a. block diagram
illustrating a construction of an image codi ng apparat us accor

second enbodi rent of the present invention. Figure 4 is a bIockqﬁ?g%§gé$H)6
illustrating a construction of an i nagédcodi ng apparatus according to a
third enbodi nent of the present invention. Figure 5 is a bl ock diagram
illustrating a construction of an inmage codi ng apparatus according to a
fourth enbodi nent of the present invention. Figure 6 is a block diagram
illustrating a construction of an imge coding apparatus a ccording to a
first nmiff¢icalPdmest- the fourth enbodinent. Figure 7 is a block diagram
illTustrating a construction of an image codi ng apparatus according to a
second nodi fi Batiad ofe ¢nBdfiagr e dhwddarsardifigyure ©hé¢ spaelleock di agram
illustrating a_ construction of an inmage decodi ng apparatus according to a
fifth erdbaeReaenof( alvelpr &8ent si ivedd t anreFogdia g mexd auh | onattarin Showi ng
process steps of generating a pixel value of an undecoded pixel in a
decodi n2 Pprogesm Wy hee ¥ fageidecad njmappasdgnsl kaglieg 1prioses Dl ok
diagramillustrating a construction of an inmage decodi ng appar at us

accor di ®peedan@8peR/cEFH, wBRBrein the program is an image

pfocessing program for making a computer perform processing
of an image signal by the image coding method of ciaim 17
or the image decoding method of claim 18.

Employing this data recording medium, error
propagation when a transmission error occurs can be
converged block by block, and the coding efficiency can be
improved as compared with the simple block-by-block coding
process, and further, it is possible to accurately perform
a decoding process for a coded signal without degrading a
prediction efficiency of a coding target pixel, and to
accurately decode a coded image signal that has been coded
by a coding method in which an adaptive pixel-by-pixel
coding process and a block-by-block coding process are

combined.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating a
construction of an image coding apparatus according to a
first embodiment of the present invention.

Figure 2 is a flowchart showing process steps of



si xth enbodi nent of the present invention. Figure 11 is a bl ock diagram
illustrating a construction of an inmage decodi ng apparatus accerghng /o @6
sevent h enbodi mrent of the present invention. Figure 12(a), figure 12(b),
and figure 12(c) are diagranms showi ng a data recordi ng nedi um contai ning a
program for inplenenting the coding proxress by the-imge coding apparatus
or the decoding process by the inmage decoding apparatus accarding to any
of the aforenentioned enbodinents in a conmputer system Figure 13(a) and
figure 13(b) are schematic diagrans show ng division of a single frane
screen into plural blocks, in a block-by-block coding 'process Figure 14

is a scheamératdhagzanp sl exallaidnidy an u@Méav?inb&elinya PE¥&ingodi ng
process. Figure 15 is a schematic diagramfor explaining problens’in a

conbimﬂgﬁwtgggigg L Othn & § e Waio@h & P HEX- uPY- bl ock codi ng -process and
t he pi xel - by-pi xel coding process are conbined. Figure 16(a) and figure

16(b) are schemlhire & ags ag pb3loeW N Ly ¥ami PD1 Q6L RagliRg & frame screen into
plural bl ocks, “in a bl ock-by-bl ock decodi ng process. Figure 11 is a

schemat icco i @858 HAr X &1 DnBg Ak o AAAPtd ¥8a PL X6k - BYRIrEIngecodhng
process. Flgure .18 is a schematic diagramfor explaining 28/ 08/ 2006
second embodiment of the present invention.

Figure 4 is a block diagram illustrating a
construction of an image coding apparatus according to a
third embodiment of the present invention.

Figure 5 is a block diagram illustrating a
consﬁruction of an image coding apparatus accordiné to a
fourth embodiment of the present invention.

Figure 6 is a biock diagram illustrating a
construction of an image coding apparatus éccording to a
first modification of the fourth embodiment.

Figure 7 is a block diagram illustrating a
construction of an image coding apparatus according to a
second modification of the fourth embodiment.

Figure 8 is a block diagram illustrating a
construction of an_image decoding apparatus according to a
fifth embodiment of the present inventibn.

Figure 9 is a flchhart showing process steps of
generating a pixel value of an undecoded pixel in a
decoding process by the image decoding apparatus.

Figure 10 ié_a block diagram illustrating a

construction of an image deéoding apparatus according to a



-33 problens in a conbination decoding nethod in which the bl ock-by-block
decodi ng process and the. pi xel -b.y-pi xel decoding process are qgﬂbbﬂ?QOOG
BEST EMBODI MENTS FOR EXECUTI NG THE | NVENTI ON A description is given o
respective enbodi mrents of the present invention using figures 1 to 12.
Enbodiment 1. Figure 1 is a block diagizamillustrating a construction of
an i mage codi ng apparatus 101 according to a first enbodi nent of the
present invention This image codi ng apparatus 101 conprises a bl ocking

unit 2 for dividing an input image signal Is correspondingly to plural

bl ocks constituting a single inage display region (one frame), an encoder
16a for siedeienihgd aneaut pul Bsef pamstere blweknhbdownit 2 and perform ng
reversible coding for a pixel value of a coding target pixel to be coded
in a coding tRigeteblock & & bieloewded aghdh 1 elesence fwgaapredi ction pixel
value (hereinafter referred to sinply as a prediction value) Sp of the

codi ng teyrgRir i txebn 8Hd ad pigsget Herowle agpaehailisOmeddbtdiag ke a
generating the prediction pixel value Sp. This prediction value generation

uni t 11GdweeltHasnsod IReS tSIf agRe MBird SEIDr ¥nde@PpR € of storing pixel
val ues 28/08/2006

Figure 12(a), figure 12(b), and figure 12(c) are
diagrams showing a data recording medium containing a
program for implementing the coding process by the image
coding apparatus or the decoding process by the image
decoding apparatus according to any bf the aforementioned
embodiments in a computer system.

Figure 13(a) and figure 13(b) are schematic diagrams
showing division of a single frame screen into plural
blocks, in a block-by-block coding'process; .

Figure 14 is a schematic diagram for explaining an
adaptive pi#el—by—pixel coding process.

Figure 15 is a schematic diagram for explaining
problems in a combination coding method in which the block—
by-block éoding process and the pixel-by-pixel coding
process are combined.

Figure 16(a) and figure 16(b) are schematic diagram
sho&ing division of a single frame screen into plural
blocks, in a block-by-block decoding process.

Figure 17 is a schematic diagfam foi'explaining an
adaptive pixel-by%pixel decoding process.

Figure 18 is a schematic diagram for explaining



-34 of pixels constituting the input image signal by, for exanple, nunbers
corresponding to one frane, and first and second auxiliary nengrg e nd
6b of different hold periods of time, for tenporarily hol ding pixel val ues
M output fromthe main nenory 4. In this case, the main nenory 4 has a
construction in which the pixel values__corresponding to the reference

pi xel s PO-P9 for the coding -target prQér Px to be processed by the encoder
16a’ (see figure 14) are successively output fromthe stored pixel

val ues, during a period of tinme required for a coding process of a pixel
value. The first auxiliary nmenory 6a has a construction in which the pixel

val ues M syccessi vel output_from the in menory . 4.are del.ayed by one

pi xel , Qﬁﬁgiqﬂ§skEo dc|ﬁﬁ%q%ﬁ&oﬂeﬁﬁffgéﬁ“hégggh%gnﬁpr&@ﬁ9ﬂ1?Hemhich t he
pi xel val ues M successi vel utput fromthe i.n nepor 4 are del ayed by
tvo pi X ISR HRFO CknE SR | BROGEFSe Ahara® | BAEEH LYTRE XFhcl udes &
counter 8 for, receiving the input inmage signal |s per frame and counting

t he nunB&COSH NS xRFOG&PSeL L arcPBPL1REHed/ uncoded decision unit 10 for _
deci di ng whet her the pixel value being output fromthe nmain nenory 4 is a
pi xel value of a coded pixel which has already been coded by the encoder
.16a or a pixel value of an uncoded pixel which has not been coded yet,

D\ PN Y gl N O, Y L &

accordi Siar formati on BNs

relating to verti,cal and _ ] )
A description is given of respective embodiments of

the present invention using figures 1 to 12.
Embodiment 1.

Figure 1 is a block diagram illustrating a
construction of an imége coding apparatus 101 according to
a first embodiment of the present invention;

This image coding apparatus 101 comprises a blocking
unit 2 for dividing an input image Signal Is
correspondiﬁgly to plural blocks constituting a single
image display ;egion (one frame), an encoder l6a for
receiving an output Bs from the blocking unit 2 ana
performing reversible coding for a pixel value of a coding
target pixel to be coded in a coding target block to be
coded, with reference to a prediction pixel value
(hereinafter :eferred to simply as a prediction value) Sp
of the coding target pixel, and a prediction value
generation unit 110 for generating the prediction pixél
value Sp.

This prediction value generation unit 110 includes a

mass storage main memory 4 capable of storing pixel values




28/ 08/ 2006 -35 horizontal block nunbers in each frame, supplied fromthe
outside. in this case, the decision uni't 10 also performs a progesgg?R006
measuring a di stance between an uncoded pixel and a coded pixel that i's on
the same horizontal scanning line as the uncoded pi xel and nearest to the
uncoded pixel, wth the nunber of pixglsgs.. The counter 8 is reset when the
pi xel values of all pixels constituting o ne frane have been input.
Furthernore, the prediction value generation unit 110 includes a sel ector
switch 12 for selecting and outputting one of the outputs M M, and M
fromthe main nenory 4, and the first and second auxiliary nenDries 6a and

6b, regregively. c%wﬂwlﬁe 2ReOoYtpit f1pdad heigpded deci si on
unit 10, and a prediction val ué generator 14 for réceiving outputs Sout

fro”‘th%ﬁ%ﬂ§¥%0rn§Wb@@E335§§eEB6ndHh§ﬁEdwﬂﬁ@sfPQmEhea(N £33 Coghéels

PO P9 required for generating a prediction pixel value

targel  Jotla Frux 209996 ho PIcNBaPel Gl e PhXeel Ll iy T of the
{ t51 ¢

codi ng target plxe e i mage codi ng appar at us € encoder 16a

f I I
0 1 he Boda 2?52?9%%2'5 % EHRbESEATGF NAlEohIRED ey igl, value
predict o il et r ¥l Yhe Hin OHERUEY 3.C00R0 ChILCEERES \HdiGfpaa cOded

pi xel val
memory 4 has a constructlon in which the pixel values

corresponding to the reference pixels P0O~P9 for the coding
target pixel Px to be processed by the encoder 1l6a (see
figure 14) are successively output from the stored pixel
values, during a periéd of time required for a coding
process of a pixel value. The first auxiliary mémory 6a
has a construction iﬁ which the pixel values M sucéessively
output from the main memory 4 are délayed by one pixei, and
the seéond auxiliary memory 6b has a construction in which
the pixel values M successively output from the main memory
4 are delayed by two pixels.

Further,hthe prediction value generation unit 110
includes a counter 8 for receiving the input image signal
Is per fraﬁe and counting the number of pixel values, and a
coded/uncoded decision unit 10 for deciding whether the
pixel value being output from the main memory 4 is a pixel
value of a coded pixel.which has already been coded by the
encoder .16a or a pixel value of an uncoded pixel which has
not been coded yét,"according to an output Cout from the

counter 8 and information BNs'relating'to vertical and




corresponding to the coding target pixel Px. In this 28/ 08/ 2006 36 coding
process, code words for coding the pixel value of the coding targedspi2ede
Px are selected on the basis of the prediction pixel value obtained from

t he pi xel

the operation. Figure 2 is a flowhart -8howi ng the codi ng process of the

i mage

codi ng apparatus 10 1, and the flow of the coding process wll be

described briefly along this flowhart. Wen an inmage signal is input to
the i mage codi ng apparatus 101, pixel values constituting the inmge signal
are successively stored in the main nenory 4, and the nmain nenory 4
out put s lppxetonabledlafk phumbe refion emgehpifrelns ( paupphéedl fpiowel she PO P9
|l ocated in the wvicinity of a coding target pixel Px, which reference

pi xel s aretsiflerredn tohikecasw, coblendetasgen pinitt PR bdscogesir fstms S

val ues. of the reference pixels PO P9. A description 'is given of

1). Next, the first reference pixel in the plural reference pixels obtained
by the argprooessr p 4 nsa seganded adi sit slecesben wearrgedn pukebdest gpi 8],
and the coded/ unc. oded decision unit 10 deci des whet her the deci sion
target pinelaiSodecogeidk@lxehaar imtorf stkp S3jne JiokezdontkNi Scanning
coded/ uncoded decision unit 10 the increment of the counter output Cout
synchroniizesl. agi thet hehopeedt paxedfl sudcessiesity rautqhe tingodesl mixel,
val ues of the ten reference pixels POP9 fromthe main nmenory 4 according
to a refwrgncenhéel ackbdheo popiiikiedrs oOf The reflertences pizeke2@/0/ROHN6th37

pixel values of all pixels constituting dne frame have been
input.

Furthermore, the prediction value generation unit 110
includes a selector switch 12 for selecting and outputting
one of the outputs M, Ma, and Mb from the main memory 4,
and the first and seéond auxiliary memories 6a and-6b,
respectively{ according to an output from the coded/uncoded
decision unit 10, and a prediction valﬁe generator 14 for
receiving outputs Sout from the selector switch 12 as the
pixel values of the reference pixels P0O~P9 required for
generating a prediction pixel value for the coding target
pixel Px, and generating the prediction pixei value Sp for
the coding target pixel Px.

In the image coding apparatus 101, the encoder l6a
performs a coding process for a difference value between
the pixel value of the coding target pixel Px output from
the blocking unit 2 and its prediction pixel value, and
outputs a coded-difference value as a coded pixel value

correspondihg to the coding target pixel Px. 1In this

is



being output fromthe main nenory 4, relative to the coding target pixe
Px, can be detected by the counter output Cout. As the result ofbd heg/2006
deci sion, when the decision target reference pixel is a coded pixel, its
pi xel value is received as a reference pixel value by the prediction val ue
generator 14 (step S5), and when the decision target reference pixel is
not a coded pixel, a reference pixel vgkue (replacenent pixel value) of
this reference pixel is generated fromits peripheral coded pixels, and
received by the prediction value generator 14 (step S4). Next, it is

deci ded whether all of the reference pixel values required for coding the

codi ng t ar gaidipigxptocess, tedeiwadofortdualingatieqiikehvalvel efetigecediangr 14
(step S6), and en all of the reference pixel values required are not

received, t ig??ﬁxél%%f@%@lé@ﬁé&'o&iéﬂlé Basid 6f @lepaaiibtisa! gixebvaied by the

mai n menory s“regarded as t clsion target (step S8), and the

processes in ste 3-SB_ar I . 1, en all of the
ref erence ﬁ?q%?imgaltﬁ%@ %Hﬁfqlev%ﬁ)'gg%%fgég}sggg%%?’%&elgmiwon val ue
generator 14, a prediction pixel value for the coding target pixel Px is
generated accordidescription is givercat thgpperatiei.ues by the predi ction’ val ue
generator 14 (step S7). Thereafter, the pixel value of the coding target
pixel Px is recpigi¢ P¥s bffowshareshdwingtite coding prommssdfythe image

predi ction pixel value of the coding target pixel Px is 28/08/ 2006 -38

receive. d. 1 OIS, PLEHLE 16T, ¥Ab he IV ditBE chllihgPtBeess will be
described briefly along this flowchart. ' '

When an image signal is input to the image éoding apparatus
101, pixel values constituting the image sighal are successively stored
" in the main memory 4, and the main memory 4 outputs pixel values

of plural reference pixels (peripheral pixels) PO~P9 located in the
vicinity of a coding target pixel Px, which reference pixels are referred
to when the coding target pixel Px is coded (step S1).
Next, the first reference pixel in the plural reference pixels obtained by
the main memory 4 is regarded as a decision target pixel (step S2),
and the coded/uncoded decision unit 10 decides whether the decision
target pixel is a coded pixel or not (step S3). Since in this
coded/uncoded d’ecisiop-uﬁit- 10 the increment of the counter output
Cout is synchronized with the operatipn of successively .qutputting the

pixel values of the ten reference pixels PO~P9 from the main memory 4

accordiiig to a reference clock, the position of the reference pixel



and in the encoder 16a, a coding process for the pixel value of the coding
target pixel Px is carried out using the prediction pi xel len%§p99p2006
S10). A detailed description is now given of the operation of the Image
codi ng apparatus 101 in the coding process for the inmage signal, and the
specific operations of the respective églts in this apparatus in steps
S1-S10. When an input image signal Is iSfinput to the inmage coding
apparatus 101, plural pixels constituting the input image signal Is are
grouped correspondingly to blocks constituting one franme, each bl ock
conpri si ngbging autputefrem the hiwinbhoekiong 4iniéladiveatsl theecodityl tiPgdtes
corresponding to the pixels in each block are sent to the encoder 16a and,

|0 the enceRel Medar? BOJERLRHOBE thel ColitdroBtgdl Clties of coding

target pixels Px are coded pixel by pixe erence to reference

I xel val ugs, i | e t hlock by 3%00 A, this tine, the. pixe
\F/)al ues con‘ggi'f%?il%%qltle& ﬁ%ﬁt CCHHEE: SYEER l%p§ chﬁfaﬁnitﬁ{quq referenge: ur e
are success,j vel, stored {n the main nenory 4, and !xel val ues of
reference p’ﬁeiégsa soded paigled bomixel vabie iie rees Agea gedieremaecapipesl
pi xel s Px are output at a fixed read cycle (step S1). An output Mfromthe
mai n menorvalaei byt theperadidtyohevaliien geherator 34 @tdps8spndnduwheratie
menories 6a and 6b. The first 28/ 08/ 2006 -39

~ decision target reference pixel is not a coded pixel, a reference pixel
value (replacement pixel value) of this reference pixel is generated
from its peripheral coded pixels, and received by the prediction
value generator 14 (step S4).

Next, it is decided whether all of the reference pixel values required
for coding the coding target pixel are received by the prediction
value generator 14 (step S6), and when all of the reference pixel
values required are not received, the next reference pixel in the
reference pixels obtained by the main memory 4 is regarded as the
decision target (step S8), and the processes in steps S3-S6 are
repeated. On the other hand, when all of the reference pixel values
required are received by the prediction value generator 14, a
prediction pixel value for the coding target pixel Px is generated
according to the reference pixel values by the prediction value
generator 14 (step S7).

Thereafter, the pixel value of the coding target pixel Px is

received by the encoder 16a and, simultaneously, the

prediction pixel value of the coding target pixel Px is



auxiliary nmenory 6a holds the output fromthe main nmenory 4 for a period
corresponding to one read cycle, and the second auxiliary rrermr;_ygﬁ@gw(ﬂ@6
it for a period corresponding to two rg@d cycles. In the counter 8, w't
the first pixel value in one frane as a°reference, the nunber of input

pi xel values is counted in accordance wth the input inmage signal |Is, and
this count value Cout is output toward the coded/ uncoded decision unit 10.
In the coded/uncoded decision unit 10, information BNs relating to
vertical _and.horjzontal pl ock unbers in_one frame is input fromthe

out si de, rﬁﬁalgefjleffg[r%cﬁ Bi RIS U<t Lt BB 96 S ke nhﬁbéﬁtierpf ordvat i on
BNs and the outpyt fromthe counter 8 is regarded as_a decision target

pi xel toaﬁg Eié‘citg\sed et HEF ilPd/s & C/EEAT BrRsess & uklkeded xsilxel . For
exanpl e, V\Ten a codi ng tar%et pi xel Px is decided as shown in figure 14,

r ef er encB L PFx8ifs TG PP RSP Tt ricd IJdi yX € &r §&t 15i e r wked destdaginend  the
pi xel PO whose pixel value is output fromthe main nenory 4 first is

regar dedt 38 RBY8EATIAT tRi &L pidddie (63kpP §2P) -At this tine, the pixe
value of the reference pixel POis held in the first and second auxiliary
nmemories 6a Ande6H ¥R d of8SCEdP Rt olS BAN BWyaremf peh¢odperation
respectively. In the coded/uncoded decision unit 10, the position of the
codingt%ﬁgébepﬂﬁé@qrFQ%éngoéPM?ﬁﬁﬁ%ﬁleSI®8/ZQ@GCOding process for

the image signal, and the specific opérations of the
respective units in this apparatus in steps S1~S10.

When an input image signal Is is input to the image
coding apparatus 101, plural pixels constituting the input
image signal Is are grouped correspondingly to blocks
constituting one frame, each block comprising plural pixels,
by the blocking unit 2, and the pixel values corresponding
to the pixels in each block are sent to the encodef l6a and,
in the encoder 16a, a coding process in which pixel values
of coding target pixels Px are coded pixel by pixel with
reference to reference pixel values, is carried out block
by block.

At this time, the-pixel values constituting the input
image signal Is of scanning line structure are successively
stored in the main memory 4, and pixel values of reference
pixels PO~P9 corresponding to the respective coding target
pixels Px are output at a fixed read cycle (step S1). An
output M from the main memory 4 is temporarily held in the

first and second auxiliary memories 6a and 6b. The first



-40 block is calculated on the basis of the counter output Cout and the

bl ock nunber information BNs, and it is decided whether the refbeye0ng®2006
pixel is a coded pixel or an uncoded pixel (step S3) and, according to the
result of the deci sion, the selector s#Wtch 12 is controlled. Since the
reference pixel POis a coded pixel as shown in figure 14, as the result

of the decision by the coded/uncoded decision unit 10 (step S3), the
selector switch 12 is controlled by the coded/ uncoded decision unit 10 to
select the output Mfromthe main nenory 4, whereby the pixel value of the
r ef er enc®UPL kéP IYOMYNQ¥Yr 6d, had &6 g epehputpifreinm ih@emaiin fiemory 4
prediction value generator 14. Thereafter, in the coded/ uncoded decision
unit 10,f9¥ aj pedacideso wheshenddimaato t heepirreld valaiss, oahdalthet he
reference pixels for the coding target pixel:Px are received by the

predi ct i 9PCoAHue ugdriarax rmemofyt b I6)1ds| att fios @agesrsddce the reference
pi xel values of all the reference pixels PO P9 are not received by the

pr edi ct i®Prreapaadjaereerae ot w4 re@lde ayoreel$ uncoded unit 10 regards the
pi xel value of the reference pixel Pl, which is ou tput from the main
menory 4 aftefnt fdepicehnvaku8,ofwittthet hef Eiesce pipiedel v&PDi1eadna qrieel
val ue of a decision target pixel (step S8). Since t he reference pixel P
is a codethipd xab ki kefehencef etbrcapibet €O, ihbatpipiete Vargguefs tihe
reference pixel 21 is subjected to the processes in steps S3, S5, S6,
counted in accordance with the input image signal Is, and
this count value Cout is output toward the coded/uncoded
decision unit 10. In the coded/uncoded decision unit 10,
information BNs relating to vertical and horizontal block
numbers in one frame is input from the outside, and a
reference pixel designated by the block number information
BNs and the output from the counter 8 is regarded as a
decision target pixel to be decided whether it is a coded
pixel or an uncoded pixel. For example, when a coding
target pixel PX is decided as shown in figure 14, reference
pixels PO~P9 for this coding target pixel are decided, and
the pixel PO whose pixel value is output from the main
memory 4 first is regarded as a decision target pixel (step
S2).
At this time, the pixel value of the reference pixel
PO is held in the first and second auxiliary memories 6a
and 6b for one read period, and two read periods,

respectively. In the coded/uncoded decision unit 10, the

position of the coding target pixel in the coding target



28/ 08/ 2006 41 and S8. Subsequently, the coded/uncoded unit 10 regards the

pi xel value of the reference pixel P2, which is output fron1th9g¢@?/2006
nmenory 4 after the pixel value of the reference pixel PlI, as a pixel value
of a decision target pixel (step S8). Since. this reference pixel P2 is an
uncoded pi xel adjacent to the coded pixe4, unlike the reference pixels PO

and P1, the selector switch 12 is controlled by the coded/ uncoded deci sion
unit 10 to select the output Ma fromthe first auxiliary nenory 6'a,

wher eby the pixel value of the reference pixel Pl is stored in the

predi ction val ue generator 14 as a replacenent pixel value of the

referenael ptxel sPZa1dePa 4. onThereeld£1s bhetpeOeRugRSEe I+ Nogt Rt R @hd
step S8 are executed. Further, the reference pixels P3-P5 are subjected to

the processesheNblycPs Sdbe 85inSDrmdti &8 BRs| hansdMR MBONGE cageGescri bed
for the reference pixel PO and the reference pixel P6 is subjected to the

processemédfheteRheShe rePbe #%keIB i 4 heo8aHE pARRNE S, n ARSELIEH for

the reference pixel P2. Subsequently, the coded/uncoded unit 10 regards the

pi xel V}H&?ei)f (stBe rferenge aicé%lrﬁng%c@hésregm;tt d# oppLhe main

nmenory 4 after the pixel val ue of the reference pixel P6, as a pixel value
of a. decied P9iohdr g8l RiaPdctsteBwB)ch S NCEst BbALEBHGIRNCE pixel P7 is an

uncoded pi xel . 28/ 08/ 2006 42 that is posi tioned across one pixel fromthe

coding targetgph¥el ¢Re reference pixel PO is a coded pixel as shown
in figure 14, as the result of the decision by the
coded/uncoded decision unit 10 (step S3), the selector
switch 12 is controlled by the coded/uncoded decisicen unit
10 to select the outpﬁt M from the main memory 4, whereby
the pixel value of ﬁhe reference pixel PO is stored, as a
reference pixel value, in the prediction value genérator 14.

Thereafter, in the coded/uncoded deciéion unit 10, it

is decided whether or not the pixel values of all the
reference pixels for the coding target pixel:Px are
received by the prediction value generator 14 (step S6).
In this case, since the reference pixel values of all the
reference pixels PO~P9 are not received by tﬁe prediction
value generator 14, the coded/uncoded unit 10 regards the
pixel value bf the reference pixel P1l, which is output from
the main memory 4 after the pixel value of the reference
pixel PO, as a pixel value of a decision target pixel (step
S8). Since the reference pixel Pl is a coded pixel like
thé reference pi#el PO, the pi#el value of the reference

pixel Pl is subjected to the processes in steps S3, S5, S6,

A}



unl'i ke the reference pixels PO-P6, the selector switch 12 is controlled by

t he " coded/ uncoded decision unit 10 to select the output M fro %gﬂy
auxiliary menory 6b, whereby the pixel value of the reference.rﬁpi?cgﬁ7 |§
stored. in the-prediction value generator 14 as a repl acenent pixel value
of the reference pixel P7 (step S4). Thdreafter, the processes in step S6
and step S8 are executed. Further, the reference pixels P8* and P9 are
-subjected to the processes in steps S3, S5, and S6 in the sane manner as
descri bed &aH &8 reference pixel PO. At this tinme, the coded/ uncoded unit
10 decides that the reference pixel values of all the reference pixels

PO P9 are i t redi ct.ion yakue ..generator, 14, and fhe

predi ct i onsgg)l%géﬁggﬁgx’a{}g? %f?%ﬁ%?%{#e‘i L%Pltpf@d'ie&ir g8 é?‘?(@lxﬁtal"ﬁb‘%ﬁff or

t he codi ng,t ar get éai xel Px.aon the  basis of the reference pixel val ues
recei ved (Q?%d%i%‘ nem dixgl 1R2, whishyiseputputdrom tthe godingmemgey 4i xel
Px and the prediction pixel value Sp are received by the encoder 16a (step
S.9), and aftar fther pixel value diethe cefdrencei pitelvRl jaash pigelcodiug oft ar get
pi xel Px and its prediction pixel value Sp Is subjected to a coding

process, alecikhen Ot@i\‘ggt ?&EPV(Q’E@;? a8 U%ih%eogﬁﬁj}gg?rgg’c%ggf& ?&9 0glq,pf the

~.codi ng target pixel step S 10). "This coding . pr ocess
P2 SRS RS ie O, A Gl koA o KRl P
pixels PO and P1, the selector switch 12 is controlled by the
coded/uncoded de?ision unit 10 to select the output Ma from the
first auxiliary xﬁemory 6a, whereby the pixel value of the reference
pixel P1 is storled in the prediction value generator 14 as a
replacement - pixel value of the reference pixel P2 (step S4).
Thereafter, the processes in step S6 and step S8 are executed.
Further, the reference pixels P3-P5 are subjected to the processes in
steps "SS, S5, S6, and S8 in the same manner as des?:ribed for the
reference pixel PO, and the reference pixel P6 is subjected to the
_processes in steps 83, S4, S6, and S8 in the same manner as
described for the reference pixel P2.
Subsequently, the coded/uncoded unit 10 regards the pixel value of
the reference pixel P7, Wh_i_ch is output from the main memory 4 after

the pixel value of the reference pixel P6, as a pixel value of a decision

target pixel (step S_8_); Since this reference pixel P7 is an uncoded pixel.



I n‘one frame are successively coded. Since the first pixel in one frame

has no coded pixel for reference inits vicinity, its coding ProgeLse8/2006
carried out with a prediction pixel value of 0. As described above,

according to the first enbodi ment of t@; invention, when a pixel value of
an uncoded pixel is referred to, sihce pi xel value of a coded pixel in
its wvicinity is referred to, it is possible to conbine the adaptive
- pi xel -by-pi xel codi ng process and the bl ock-by- bl ock codi ng process

wi t hout dethatiisgpesitieheti acrass pheepixelafrons thet veding hargeegsisel Pxel
and the coding target pixel, and with avoiding that decoding of a coded

~si gnal  bgeqies ¢hef ix‘é‘ﬂ‘:}inggegﬁ%%}s in!-PG,”CQ??f sEIERT SsWikh €1 horgcan

be converged bl ock by bl oc n e coding i Clency can be |nﬁroved as
conpared with.t 31 opl bl ock-Jy- bl ogck . cqdin rocess, .and further, on
th(rarp decodiﬁﬁntgﬁ?ﬁga F’B’ i%?epbtg‘éieﬁll/g“?%o edy 5?’@99 pé’t’?lgr;‘rpatﬂe%iﬂ‘ﬁgthe
process for a coded signal which has been coded with no degradation in
predi ct i onoBtPMEi Mleyfram: hecsgcand aupilianyi xaematy dlpewherehyl hewhen
a coding process for a coding target pixel has been carried out with

ref erence pixqli xalugdodsilRdOefedenoel pixeloP5i is fteredhenathei peédictiohhe

codi ng side, a decoding process for a decoding target pixel nust be also

carried ouWamd fpdrfdi2tdR° 14! AsPhXfplacement pixel value of the reference
pilxel P7 (step S4). Thereafter, the processes in step §6 and step
S8 are executed.
Fufther, the refereﬁcé pixels P8 and P9 are subjected to the
processes in steps S3, S5, and S6 in the same manner as
described for the reference pixel PO. At this time, the
coded/uncoded unit 10- decides that the reference pixel values of
all the reference pixels PO-P9 are received by the prediction value
generitor 14, and the prediction value generator 14 calculates a
prediction pixel value Sp for the coding target pixel Px on the
basis of the reference pixel values received (step S7).
Thereafter, the pixel value of the coding target pixel Px and the
prediction pixel value Sp are received by the encoder 16a (step
S9), and a difference va.lliie'Abetwee.n the pixel value of the coding
target pixel Px and its‘prediction pixel value Sp is subjected to a

coding process, and the coded difference value is output as a

coded signal of the coding target pixel Px (step S10). This coding



val ues of its peripheral pixel,9 on the decoding side, and further, the

pi xel values referred to-in the coding process nmust agree W th tig/08¥€006
values referred to in the decodi ng process, in'" the conventional coding

met hod, when the reference pixel is an uncoded pixel, a fixed value is
used as its pixel value. In this case,-43however, there is a problemthat
the correlation of pixel values is degraded. On the other hand, according
to the present invention, when the reference pixel is an uncoded: pixel, a
repl acenent pixel value for the wuncoded pixel is generated from coded
reference pixels, according to a prescribed.rule. For exanple, for the

" uncoded giod s PampP6y Antb d 7w Rawn sigl dd el oA5 £ heh@id's i X6F ¥akues are
uni quely decided from the pixel values of the coded pixels PO, PlI, P3, P4,

P5, P8,pygﬁf&kioﬁhgig@gexﬁlﬁanggn is to use a pixel value of a coded
pi xel positioned on the sanme horizontal scanning |line as-and nearest to

the uncoded pixethias Wdle, repkaperRnt wixeds Vahuenkorrddifesneoded 1 Rigel -
In this case, the pixel "value of the uncoded pixel P2 is replaced with the

pi xel valug,d £henmeoded pixeteFhivang tduuddxel sivldiase OFikhe wicaded
pi xel s. P6 and P~7 are replaced with the pixel value of the coded pixel P5.

. 28./08/2006,¢ #2afBUnss e £ouEE! Bk Ofo Pl XekoyBhus siptygen the  coded

pi xel and the uncoded pixel at the ock boundary I's 1ncreased, whereby a

hi ghl y ghidsciang, cogdbng A IeesS-688s8° 1 & &ald2£0aUBLRY Wik saMe predi ction
met hod as used for the
prediction pixel value of 0.

As described above, according to the first embodiment
of the invention, when a pixel value of an uncoded pixel is
referred to, since a bixel value of a coded pixei in its
vicinity is referred to, it is possible to COmbiné the
adaptive pixel—by—pi#el coding process and the bloék—by—
block caaing process without degrading,Corfelation of pixel

values between thé uncoded pixel and the coding target
pixel, and with avoiding that decoding of a coded signal
becomes difficult. Thefeby, influence of transmission
error canlbe converged block by block, and the coding
efficiency cén be improved as compared with ﬁhe_simple
block-by-block coding process, and further, on the decoding
side, it is possible to accurately perform a decoding
process for a coded signal which has been coded with no
degradation in prediction efficiency of the coding target
pixel.

More specifically, when a coding process for a coding

target pixel has been carried out with reference to pixel



i nSi de of block where the inter-pixel c.orrelation is great. Therefore, an
i mage signal can be recorded and transmitted with |ess bit nunizey /4 0 84/ ons
deteriorating the image quality. Wile in the first enbodi ment two
auxiliary nenories 6a and 6b of differg t hold times for holding the
output M fromthe main nenory 4 are proVided, only one auxiliary nenory
for tenporarily holding the output fromthe nain nenory 4 nay be provided,
and the tinme for holding the pixel value output fromthe main nmenory 4 may
be changedvalyestofsits qrartpluexad daieli-onsthencering dideaacdeaidingtprddess for

di stance between the uncoded pixel and the coding target pixel. Further,

whi l'e in thelecoting aabasi poril PRlst b alsd'cadtiel Gt Wiﬂ?keﬂﬁéﬂge Gb gﬂfel

coding target pixel Px'is" referred to in the coding process for the iInmge

or e ct o ehEd o S PSRRI Ul T RUEe RS fod purfftr ot 11
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-46 the coding process is a binary shape signal, since the prediction

‘pi xel val walues geferred t0"inothe decodinig proeessar edi ction probability may be

referred to, with the o o -
"In the conventional coding method, when the reference pixel is an
uﬁcoded pixel, a fixed value is used as its pixel value. In this case,
however, thefe is a problem that the correlation of pixel values is
degraded. |
On the other hand, according to the present invention, when the
reference pixel is an uncoded pixel, a replacement pixel value for the
uncoded pixel is generated from coded reference pixels, according to
a prescribed rule. For example, for the uncoded pixels P2, P6, and
P7 shown in figure 15, their pixel values are uniquely decided from
the pixel values of the coded pixels PO, P1, P3, P4, P5, P8, and P9.

- The easiest manner is to use a pixel value of a coded pixel

positioned on the same horizontal scanning line as and nearest to
the uncoded pixel, as the replacement pixel value for the uncoded
pixel. In this case, the pixel value of the uncoded pixel P2 is
replaced with the pixei. value of thé coded pixel P1, and the pixel

values of the uncoded pixels.P6 and P7 are replaced with the pixel

value of the coded pikel PS.




prediction pixel value being fixed to either "0" or "1". Hereinafter, as a
second’ enbodi nrent of the invention, an inmage coding apparatus1§g/08 2006
perform ng a coding process of a blnary shape signal with reference

only a prediction probability.in place46f the prediction pixel valueymll
be described, and as a third embodi ment of the invention, an inmage coding
apparatus for performng a coding process of a multivalued inmage signal
with reference to both the prediction pixel value and a prediction
probability will be described. Embodinent 2. Figure 3 is a block diagram
il lustrating &hwadnsthactiogr edfa aihon mage pdadilng Alppas abes whk@h acigor ding to
a second enbodi nent of the present invention. In the figure, the sane

ref er enceodederd e hsaniosbeshmwvded pigeleat desd grbd €kt beusaier paiks as
in the image coding apparatus 101 described in the first enbodinment. This
i mge codlhngeappat atwise #8Byi aclhldgsl g pf Ediceinen crobabp kbl sgenesat pe 22
in place of the prediction value generator 14 in the i nage coding

appar at usedizaectardlimg the shad igrsddeobodhmrichANth HagssdCF A the
construction as to performa coding process for a binary shape signal

whose 281ABLRAGOGE -WiloPk XRheva- Itk i Snebthph xeQ" YrrLaPIBH Gld Yreat .
probability generator 22 has a _

Therefore, an image signal can be recorded and
transmitted with less bit number, without deteriorating the
image qualiity.

While in the first embodiment two auxiliary memories
6a and 6b of different hold times for holding the output M
from the main memory 4 are provided, only one auxiliary
memory for temporarily holding the output from the main
memory 4 may be provided, and the time for holding the
pixel value output from the main memory 4 may be changed by
the coded/uncoded decision unit 10 according to the
distance between the uncoded pixel and the coding target
pixel.

Further, while in the first embodiment only the
prediction pixel value of the coding target pixel Px is
referred to in the coding process for the image signal, the
coding process may be performed on the basis of, not only
the prediction pixel value of the coding target pixel Px,
but also the prediction probability that shows the accuracy
of the prediction pixel value.

In this case, when the image signal being a target of



construction in which as a prediction probablllty, a probability of a
pi xel value of a coding target pixel Px matching with a premtnzgmogV%?OG
or the

value....is obtained from pixel values of reference pixels PO P9 f
coding target pixel Px, and then a predfction probability signal Sk for
the coding target pixel Px is output toward the encoder |6b. In this case,
since this imge coding apparatus 102 is for a coding process of a binary
shape signal, in the encoder 16b, a prediction value which is subtracted
from the plxel val ue of the coding target pixel Px is set at either "0O"
or "1". The &9cbdwr ABHCASS 4 conshimatioshape whigrgl whenniclke tgredi ction
probability is high, since the probability of the pixel value of the
codi ng tRrgetcFibagl pixehaveliug W tditherpr'édi otd dhl'hj xehlyaltee i s high, a
di fference value between the pixel value of the coding target pixel Px and
t he predpseddrtgiotelpyeabakiild topdety bye aefedireg et hodiwhi ¢he ncreases the
coding efficiency when the difference value is 0, and on the other hand,
when t heprpdéditdtdrorp prebabillivey hsihgwfisiedceot ke tirebab0li by of1't he
pi xel value of the coding target pixel Px matching with the prediction
pi xel val ue i $ldmainafdetfensnce vatordbempeaddmerde ¢f xehevahwerfishe
coding target pixel Px and the 28/08/2006 -48 prediction pixel value is
coded byaa tmdigeg cweiiogl abpaltatus for performing a coding process

of a binary shape signal with reference to only a

prediction probability in place of the prediction pixel

value will be described, and as a third embodiment of the

invention, an image coding apparatus for performing a

coding process of a multivalued image signal with reference

to both the prediction pixel value and a prediction

probability will be described.

Embodiment 2.

Figure 3 is a block diagram illustrating a

construction of an image coding apparatus 102 according to

a second embodiment of the present invention. In the

figure, the same reference numerals as those shown in

figure 1 designate the same parts as in the image coding

apparatus 101 described in the first embodiment.

This image coding apparatus 102 includes a prediction
probability generator 22 in place of the prediction value
generator 14 in the image coding apparatus 101 according to

the first embodiment, and has such a construction as to

perform a coding process for a binary shape signal whose




increases the coding efficiency when the difference value is not 0. A
description is given of the function and effect. Here, the operai @8/2006
Jddentical to that of the inmage coding apparatus according to the first
enbodi nent is not described. Al so in the.binary shape signal coding
process by the inmage coding apparatus 102 thus constructed, wth respect
to uncoded pi xels anong the reference pixels PO-P9 for the coding target
pi xel Px, their pixel values are generated fromthe pixel values of the
coded pixels as in the imge coding apparatus 101 according tot he first

enbodi mnepitkelanthl hdeipi ¥dlthwat weg” coekr egpanding to all the reference
pi xels PO P9 are stored in the prediction probability generator 22. In the

prediction prqh_a@i43'rém@%@@tpfosapi@ﬁt&h%eﬁ@ﬁéﬁoef 2bhe Ju xel val ues of
the reference pixels PO-P9, a prediction probability for the coding target

pi xel PXclotstahicdd 164 1 Ahivh iRedi 14 0oprauqRalidd ty, bpEgLAR PN Sk is
output fromthe prediction probability generator 22 to the “encoder 16b,

and in tBeooneadert $68r a @ﬂﬁéﬂe@$Fu¥ab¥ea[33%£ﬁ€t£9§ggkxgi§@4u?xpf the

coding target pixel” Px and a previously set pr I on~pi X value is

subj ect eglat@ang Ol £ 81 B ACESh dbRGetO G dPr £61 5530 RIPLBAPSLT tY
pixel values of reference pixels P0~P9 for the coding
target pixel Px, and then a prediction probability signal
Sk for the coding target pixel Px is output toward the
encoder 16b.

In this case, since this image coding apparatus 102 is
for a coding process of a binary shape signal, in the
encoder 16b, a prediction value which is subtracted from
the pixel value of the coding target pixel Px is set at
either "0" or "1". The encoder 16b has a construction in
which, when the prediction probability is high, since the
probability of the pixel value of the coding target pixel
Px matching with its prediction pixel value is high, a
difference value between the pixel value of the coding
target pixel Px and the prediction pixel value is coded by
a coding method which increases the coding efficiency when
the difference value is 0, and on the other hand, when the
prediction probability is low, since the probability of the
pixel value of the coding target pixel Px matching with the
prediction pixel value is low, a difference value between

the pixel value of the coding target pixel Px and the



As descri bed above, according to the second enbodi ment of the invention,
in the i mge codi ng apparatus 102 for performng a coding proc

binary shape si gnal, a coding target pixel adjacent to the bI§§§/9§ﬁ§006
boundary, for which generation of a prediction value is difficult, can be
coded whil e suppressing degradation in_g ding efficiency. Therefore,

i nfl uence of transm ssion error can be converged block by block, and the
coding efficiency can be increased as conpared with the sinple

bl ock- by-bl ock codi ng process, and further, on the decoding side, it is
possible to accurately performa decoding process for a coded signal

wi t hout Lng. the effici in predicting the, codin t t,ppxel. B
t he vvay,éjgg%gg#ﬁgnp%&cﬁesfs f%%gg%y&r? acoop(f%%i %é’ [ %n copqlorb%bllngﬁ’;?ar gﬁ?jJr‘Es‘)bl osed d
in, for exa Ieé | nt er nat i onal ifSta.ndard JEIG %%Piﬁﬁ.g'-level Lnage Codi ng
Experts ‘GoUPTS St e TOU A RS HS¥I BRER i9hs LT ERLRES Y31 NS
perform a_ pixel ~by-pi xel codi ng process (not bl ock-by- block), so that

I
referemﬁfrﬁ?gl ‘are al ways coded pixels, and it does not disclose the
pr obl em when hg reference gixeLs are yncoded pi xe] s in the bl ock-by-bl ock
coding proceSsdeRGLP Pt OBl &f 94 Y RE sblfed WAF 1 IRN pRBLeRELg Gl ent i o- n,
and a counterpeasure _as to how,to S%%Ugixel val ues correspondi ng to these
uncoded pi xel 88TEnbSRiSHeEIReBat28M0g/I/JpIcal to that of the image

coding apparatus according to the first embodiment is not
described.

Also in the binary shape signal coding process by the
image coding apparatus 102 thus constructed, with respect
to uncoded pixels amoﬁg the reference pixels PO~P9 for the
coding target pixel Px, their pixel values are generated
from the pixel values of the coded pixels as in thé image
coding apparatus 101 accordiﬁg to Ehe firsf embodiment, and
the pixel values corresponding to all the reférence pixels
PO~P9 are stored in the prediction probability generator 22.

In the prediction probability generator 22, on the
basis of the pixel values of the reference pixels PO~P9, a
prédiction probability for the coding target.pixel Px is
obtained. This prediction probability information Sk is
output from the prediction probability generator 22 t§ the
encoder 16b, and in the encoder 16b, a difference value
between the pixel vélue of thé coding target pixel Px and a
previously set prediction pixel value is subjected to a
coding process éccording to the prediction probability

information Sk.



_50 Figure 4 is a block diagramillustrating a con.struction of an inmage
codi ng apparatus 103 according to a third enbodi ment of the prQEﬁﬁQB/ZOOG
dnvention. In the figure, the same reference nunerals as those own in
figure 1 designate the sane parts as in the imge coding apparatus 101
described in the first embodi ment. Thig 4 mage coding apparatus 103 is for
performing a coding process for a multival ued i nage signal as descri bed
above, and has a construction in which a prediction probability generation
unit 130 includes a prediction probability generator 22 in addition to the
predi ction value generator 14 in the inmage coding apparatus 101 descri bed

inthe first di.men e i 0 r t.he
prediction ﬁ?%bgﬁfFF ‘tﬁ@?%%gr gﬁﬁﬁéég%P o%gtgﬁgg %% %5? %%é?géme5Uiputs
Sout fra qy%select r, smntch %ﬁ to syccess ivel val ues of
refer en(‘?«r,£ gl LR BeR éoindr P codPnd ™% gt ][:ffg(e p?’ﬁraghld" Pfod%uf‘ﬁﬁt on the
basis of t i xel .ues, redict'o r obabi | Sk. .t hat, shows the
accuracy® OQP %d?cF &ﬁ%%?o §Pde §L HPTY %b@é?cﬁéﬁ?ﬁ#th@ basi s
of the reference PIX6|S PO P9 |n t he pred ctio V€| ener at 14. The
encoder SPEEMHhSE AF B Rs PR 7 ACKRtCHF ﬁ??)gihc §8PB Y1 h °50ding

Largel phXeh deieretioh ¥ abaszadgfctfome PG cF L og; Bigxel, 8! g, Py om
coded while suppressing degradation in coding efficiency.
Therefore, influence of transmission error can be converged
block by block, and the coding efficiency can be increased
as compared with the simple block-by-block coding process,
and further, on the décoding side, it is possible to
accurately perform a decoding process for a coded signal
without degrading the efficiency in predicting the.coding
target pixel. |

By the way, a coding process based on a pfediction
probability is disclosed in, for example, International
Standard JBIG (Joint Bi-level Image Coding Experts Group),
but a coding method disclosed in this Standard is to
perform a pixel-by-pixel coding process (not block-by-
block), so that reference pixels are alwéys coded pixels,
and it does not disclose the problem when the reference
pixels are uncoded pixels in the block-by-block coding
process, which problem is to be solved by the present.
inventioﬁ,'and a countermeasure as to how to set pixel

values corresponding to these uncoded pixels.

Embodiment 3.



28/ 08/ 2006 -51 generator 14 and the prediction probability Sk fromthe

prediction probability generator 22. To be specific, when the acoglyag 0
the prediction pixel value is high, since the difference between {ﬂeyéﬁie

val ue of the coding target pixel and the prediction pixel value is small,
t he encoder 16c perfornms a coding procesg for the pixel value of the
codi ng target pixel Px by a - coding method which increases the coding

ef ficiency when the difference between the pixel value of the coding
target pixel and the prediction pixel value is small. On the other hand,
when the accuracy of the prediction value is |ow, since the difference

b he pi lye .of th di i xel and th |
etween the pi E‘f&gé?u%e-log 3 BLoER 'dl%eci]%é@gl %%gﬁagPL&ﬂ:maea codi ng process

predi ction, pi xe e i's large, ~the
f th i xel f th di t t pixel Px b di et hod
wni on 1 nGr et E RSB0 G ing b DN Sy Hish ARRATR §¥8; LAco S dsutvibers e

i xel I d,th di ct. i xel I is, |l atively. | A

" the. m tiiv et P RAJEN Grf BRI RS SRR e tRREIAB | ndde e Rgure,
apparatusg.103 t hus cgnstructed, mﬁtE respect to uncoded pixels anong the
ref er enc& 5 XZATE pES §r%Qﬁet%%m868'ﬁgaﬁaéaﬁs?ﬂ§&9wﬁk}“tﬁéquﬁﬂx%l val ues

are gener at.ed fgo ghe pi xel gagges Otth éx¥¥§l£ixels as in the inmage
codi ng aaﬁﬂ%ﬁQ% ﬂgﬁ ScCEM P tbSt A ge coding apparatus
101 described in the first embodiment.

This image coding apparatus 103 is for performing a
coding process for a multivalued image signal as described
above, and has a constructioh in which a prediction
probability generatidn unit 130 includes a prediction
probability generator 22 in addition to the prediction
value generator 14 in the image coding apparatus 101
described in the first embodiment.

Like the prediction value generator 14, the prediction
probability generator 22 has a construction fo receive
outputs Sout from the selector switch 12, to successively
store pixel values of reference pixels P0~P9 for a coding
target pixel Px, and to output, on the basis of these pixel'
‘values, a prediction probability Sk that shows the accuracy
of a prediction pixel value Sp which is predicted on the
basis of the reference pixels P0~P9 in the prediction value
geqerator 14.

The encéder l16c has a construction in which the pixel
value of the'coaing target pixel is coded on the baéis of

the prediction pixel value Sp from the prediction value



enbodi nent, and the pixel values corresponding’ to all the 28/ 0812006 -52
reference pixels PO-P9 are stored in the prediction probabilitygepgyatoue
.22 and . the prediction val.ue generator 14. In the prediction val ue
generator 14, a prediction pixe . 1 value. of the coding target pixel Px
is obtained from the reference pixels B.P 9 as in the first enbodi nent.
Further, in the prediction probability generator 22, a prediction
probability Sk for the coding target pixel Px is obtained on the. basis of
t he pi xel values of the reference pixels PO P9. When the prediction pixel
value Sp and the prediction probability Sk are output to the encoder 16c,

the encog@herh@oHer4 OhfE & HOU PIJRLAGRTS HFSRLHE 1Y di gt on
probabil?tyeék for a differencgbvalue betmé%pn t he pf%gfﬁbsgﬁﬁg % t he

coding tgraaicRidsl FXosBd e Predhella®dr pxel value fromthe prediction
val ue generator 14. ‘As descri bed above, according to the third enbodi nent

of the i nventign pd nsﬁggéifrlﬁﬂ,e #REhNG HAPRAL Péc%?gff grhteh?tg%gg%gg%dary,

mul tival ued signal, a ing target pixel adjace t

(o) LRSSV o4 Rumnee £1A00 k8 uhe £ ALl PRoCRISH,

of transghgsi @ YHO"589nke SARYELIBY 0% PYe KL OFKe AL L pixel
value is small, the encoder 16¢c performs a coding proéess
for the pixel value of the coding target pixel Px by a
coding method which increases the coding efficiency when
the difference between the pixel value of the coding target
pixel and the prediction pixel value is small. On the
other hand, when the accuracy of the prediétion value 1is
low, since the difference between the pixel value of the
coding target pixel and the predicfion-pixél value is large,
the encoder 1l6c performs a coding process for the pixel
value of the coding target pixel Px by a coding method
thch increases the coding efficiency when the difference
between the pixel value and the prediction pixel value is
relatively large. |

Also in.the multivalued image signal coding process by

the image coding apparatus 103 thus constructed, with
respect to uncoded pixels among the reference pixels P0O~P9
for the coding targét pixel Px, their pixel values are
generated from the pixel values of the coded pixels as in
the image codiné apparatus 101 according to the first

embodiment, and the pixel values correépondihg‘to all the



coding efficiency can be increased as conpared with the sinple

bl ock. - by-bl ock coding process, . and further, on the 28/ 08/ 20068788/2006
decoding-side, it is possible to accurately performa decoding process for
a coded signal w thout degrading the efficiency in predicting the coding
target pixel. Enbodinent 4. Figure 5 i-52a block diagramillustrating a
construction of an inmage codi ng apparatus 104 according to a fourth

enbodi ment of the present invention. In the figure, the sanme reference
nunerals as those shown in figure 1 designate the sane parts as in the

i mge coding apparatus described in the first enbodi ment. This inmge

codi ng appdeatusel Gl teldi Permntafe ostbhed iimpam<osiagiappaat us 101
according to the first enbodinent in that a bl ocked inage signal Bs is

subj ect egrobaba iafy reyreskblor @i fi9dPERECSTe N SPEFL L LAl Johe L eI TRTE
codi ng apparatus 104 includes an encoder 1lbd for performng &
non-revetsi ble coding process including a DCT (D screte Cosine
Transformation) process to an output Bs fromthe blocking wunit 2, on the

Pﬁsi s of a prad %tﬂé)gopéa%t\i%lruevéw@ bBge R G4 ON VBE%?.i%etrl‘e&?t or 14,

pl ace of the encoder 16a for perforimng a reversible coding process

accordingikeitRa1uld It epbodioBMg FAMFEHEr pidelr &l Cfd ofpYaliye fenesation
the reference pixels P0O~P9 as in the first embodiment.
Further, in the prediction probability generator 22, a
prediction probability Sk for the coding target pixel Px is
obtained on the basis of the pixel values of the reference
pixels PO~P9.

When the prediction pixel value Sp and the érediction
probability Sk are output to the encoder 1l6c, the éncoder
16c performs a coding process according to the prediction
probability Sk for a difference value betweeh:the pixel
value of the coding térget pixel Px and the prediction
pixel value from the prediction value generator 14.

As dgscribed.above, according to the third embodiment
of the invention, in the image coding appa;afus_lOB for
coding a multivalued signal, a coding target pixel adjacent
to the block boundary, for which generation of a prediction
value is difficulf, can be coded while suppressing
degradation in coding efficiency. Therefore, influence of
transmission error can be converged block by block, and the

coding efficiency_can be increased as compared with the

simple block-by-block codiﬁg process, and further, on the



unit 140 in this-inmge codi ng apparatus 104 includes a |ocal decoder 24
that decodes an output Cs fromthe encoder 16d on the basis of zdeog8/2006
.prediction pixel value Sp fromthe '28/ 08/ 2006 -54 prediction value
generator 14, wherein an output LDs from-the |ocal decoder 24 is stored in
the main nenory 4 as a pixel value of a decoded pixel, and the output, LDs
is input to the counter 8. The other construction is identical to that of
t he i mage codi ng apparatus 101 according to the first enbodinent. In the
i mage codi ng apparatus 104 so constructed, when an input inage signal Is
i s codeddGFAHd Gasideof 1& iy eriv e ibhepitrelaamiuet Spyopea foardi ng t ar get
pi xel Px, in the prediction value generator 140 that generates the
predi ct | BREKAI iaFeee s, fiare 4 ceafiedecdder 124v Meltodes dak r aalitmyit t §8 f rom
the encoder 16d with reference to the prediction pixel value Sp, and the
decoded Biffdichrniqie I8 pseciat img t hee mabd imemarardet Thexeflore, in the
i mage coding apparatus 104 perform ng a non-reversible coding process, the
decoded Epprelimesituedis used for generating the prediction pixel value,
wher eby the coded i mage signal coded by this inmage coding apparatus can be
decoded accur dtiglyré n> ansi magd oclecotaggamppanaidsra i hjough in the fourth
enbodi nent only the prediction '

construction of an image coding apparatus 104 according to

a fourth embodiment of the present invention. In the

figure, the same reference numerals as those shown in

figure 1 designate the same parts as in the image coding

apparatus described in the first embodiment.

This image coding apparatus 104 is different from the

image coding apparatus 101 according to the first

embodiment in that a blocked image signal Bs is subjected

to a non-reversible coding process.

More specifically, the image coding apparatus 104

includes an encoder 16d for performing a non-reversible

coding process including a DCT (Discrete Cosine

Transformation) process to an output Bs from the blocking

unit 2, on the basis of a prediction pixel value from the

prediction value generator 14, in place of the encoder 16a

for performing a reversible coding process according to the

first embodiment. Further, a prediction value generation

unit 140 in this-image coding apparatus 104 includes a

local decoder 24 that decodes an output Cs from the encoder

16d on the basis of the prediction pixel value Sp from the



pi xel value of the coding target pixel Px is referred to in the inmage

si gnal non-reversible coding process, not only the p rediction

.of the.coding target pixel Px but also the prediction probamllt%?éﬁgéyﬁgyg
he accuracy of 28/08/2006 -55 the pre-diction pixel value nay be referred
to. In this case, when the inage signal.-sgubjected to the non-reversible
coding process is a binary shape signal, since the prediction pixel value
is either "0" or "1", only the prediction probability may be referred to,
while fixing the predlctlon plxel value to either lvory or 11111.
Hereinafter, a description is given of an inmage coding apparatus accordlng

to a flF§EeHQ@EMdﬁH¢£mu@fg%m%ﬂgﬁﬁihl4emWH3fE¥ﬁ 2h bhe d%“iﬁéoﬁ opfi ch

perfornms a non- reversible coding process for a binary shape S|gna Wt h

ref erencenéoleely tdecoaee ol ans psobabil ity due p:héﬁ?ﬁ Akmd %9' gtion
pi xel value, and an imge codi ng apparatus according to a secon

modi fi capialokahhe foars hde&md@ixelm'a% A& polEPRLIThS LS L%k‘g’l“t%h

codi ng process for a multivalued image signal wth re

predictigh pheko\duer apd t ke drodheti %n%fm?@tibhylsﬁl%g& <L$ @bl ock

diagramillustrating a construction of an 1 nmage codi hg appara 87108

accordi nghie okhenfd rﬁﬁag@dbw&% i LRGeS qyih e @98&5{%% fehde

inve~ntion. In the figur t he sane re%erence nuner a
first embodiment.

In the image coding apparatus 104 so constructed, when
an input image signal Is is codéd on the basis of a
prediction pixel value Sp of a coding target pixel Px, in
the prediction value generator 140 that generates the
prediction pixel value Sp, the local decoder 24 decodes an
output Cs from the eﬁcoder l6éd with reference to tﬁe
prediction pixel vélue Sp, and the'decoded.pixel value is
stored in the main memory 4.

Therefore, in the image coding apparatus 104
performing a non-reversible coding process, the decoded
pixel value is used for generating the prediction pixel
value, whereby the coded image signal coded by this image
coding apparatus can be decoded accurately in an image
decoding apparatus.

Although in the fourth embodiment only the prediction
pixel value of the coding target pixel Px is referred to in
the image sighal non-reversible coding process, not only
the prediction ﬁiéel value of the coding target pixel Px

but also the prediction probability shdwing the accuracy of



those shown in figure 5 designate the sane parts as in the inage coding
apparatus 104 according to the fourth enbodinent. This inmage cofgg/2006
.apparatus 104a includes a prediction probability generator 22 in place of
the prediction value 28/ 08/ 2006 -56 geherator 14 in the i mage codi ng
apparatus 104 according to the fourth enbodi nent, and perfornms a coding
process for a binary shape signal whose pixel value is either "0" or

11111. The prediction probability generator 22 has a con~truction in which
as a prediction probability, a probability of a pixel value of a coding
target pibRIPPRIIgELEH Mi¥eihvalpeediay iloh peferresl deis obtai ned from

pi xel values of reference pixels PO29 for the coding target pixel Px, and
t hen the predibtitdd prashadi | vhenSkiforinage sbddnag tsargeecpedetoPxtlis
output toward the encoder 16e and the |ocal decoder 24. In this case,

si nce t MianTpayersodilisg cppanat psoiceforistaehinagya shiae ysshapd ,si gnal as
its processing target, in the encoder 16e, the prediction pixel value for
t he codisigice atget pgieddlctPkon spsake latvaliddeis " €l therf d10'b.oti Ré ", herehgoder
16b according to the second enbodiment, this encoder 16e has a

const rudthierpradnbitdlon wherbabeliprediay ilma pebbalbield tty i swihighk, faxing

di fference val ue between the pixel value of the coding target pixel Px and
t he the prediction pixel value to either "0" or "1".

Hereinafter, a description is given of an image coding
apparatus according to a first modification of the fourth
embodiment of the invention, which performs a non-
reversible coding process for a binary shape signal with
reference to only the prediction probability in place of
the prediction pixel value, and an image coding apparatus
according to a second modification of the fourth embodiment,
which performs a non-reversible coding process for a
multivalued image signal with reference to both the
prediction pixel value and the prediction probability.

Figure 6 is a block diagram illustrating a
construction of an image coding apparatus 104a according to
the first modification of the fourth embodiment of the
invention. In the figure, the same reference numerals as
those shown in fiqure 5 designate the same parts as in the
image coding apparatus 104 aCcording to the fourth
embodiment.

This image coding apparatus 104a includes a prediction

probability generator 22 in place of the prediction value



prediction pixel value is coded by a coding nethod which increases the

coding efficiency when the difference value is 0, and on the otEr 082H 06
when the prediction probability is low,. a difference val ue between the

pi xel value of the coding target pixel Px and the prediction pixel value
is coded by a coding nethod which increases the 28/ 08/ 2006 -57 coding
efficiency when the difference value is not 0. Further, the | ocal decoder
24 perforns a decoding process while switching the decodi ng nmethod on the
basis of the prediction probability, |ike the encoder 16e. Here, the
operation identical to that of the inmage coding apparatus according to the
fourth egbodirator ilst noh tHesdmadps. cdlisagi apﬁaeattiuwyo@hae@o%qf}?g} £gdi ng
process by the image codi ng apparatus 104a thus constructed, with Tespect

t 0 uncodele pEpelrs haramigo d haenef,erant ep ot k6 kisPR RIJialg tHheoceadi 1% 4 af get
pi xel Px, their pixel values are generated fromthe pixel values of the

coded pikehsrgsshapehesignge whadid(p BRI dhUee194 GG L ngoto . he fourth
enbodi ment, and the pixel values corresponding to all the reference

pi xels PO-P9 a@he ghicibtfohheuiedictiop geabalickid v2a gggerator 22 In

th.e prediction probability generator 22, On.the basis of the pixel values

of the redwsenaetRionelin RbhiBY a& a prediction probability, a
probability of a pixel value of a coding target pixel Px
matching with a prediction pixel value is obtained from
pixel values of reference pixels P0O~P9 for the coding
target pixel Px, and then the prediction probability Sk for
the coding target pixeél Px is output toward the encoder 1l6e
and the local decoder 24. |

In this case, since this image coding apparatus is for

treating a binary shape signal as its procéssing target, in
the encoder 16e, the prediction pixel value for the coding
target pixel Px is set at either "0" or "1". ©Like the
encoder 16b according to the second embodiment, this
encoder 1l6e has a construction in which, when the
predictioﬁ probability is high, a differencelvalue between
the pixel value of the coding target pixel Px and the
prediction pixel value is coded by a coding method which
increases the coding efficiency when the difference value
is 0, and on the other hand, when the predicfion
probability is low, a difference value between the pixel

value of the coding target pixel Px and the prediction

pixel value is coded by a coding method which increases the



predi ction probability Sk for the coding target pixel Px is obtained. This
predi ction probability Sk is output from the prediction prObamié7g8/2006
.generator 22 to the encoder 16e and the |ocal decoder 24, and in the
encoder 16e, a non- reversible coding process according to the prediction
probability S k is perforned for a diffgrence. val ue between the pixel

val ue of the coding target pixel Px and 'a 28/ 0812006 58 previously set
predi ction pixel value. At this tine, the |local decoder 24 performs a
decodi ng process for an output Cs fromthe encoder 16e according to the
prediction probability Sk, whereby the pixel value of the coding targ et

pi xel Px is reproduced. This reproduced pixel value of the coding target
pi xel PQQQ§Qﬁcﬁ€€l?hePﬁ§rﬁﬂ%nnﬁﬁﬁrﬁl fenRngesvPiNEd bRt Hecording to
the first nmodification of the fourth enbodi ment, in the inmage coding

appar at us 104 peResr nithg oL Podlr 8e6dar 4 oBfad oSt s <de¢8A18%i nary
shape signal, a coding target pixel adjacent to the block boundary, for
whi ch gBRECAID LY EM%ﬁQH%%% thsl Gadingfmethed o Heecbagdswafe
suppressing degradation in coding efficiency. Therefore, influence of
transmi 8o @t taR P& kARt §RY - biidde 91 8BRod®Hd 1R coding
efficiency can be increased as conpared wth the sinple bl ock-by-block
codingFNoceﬁﬁr%wmthﬁrPﬂ%{a%hoﬁhédentlcal to that of the image

coding apparatus according to the fourth embodiment is not
described.

Also in the binary shape signal coding process by the
image coding apparatus 104a thus constructed, with respect
to uncoded pixels amoﬂg the reference pixels PO~B9 for the
coding target pixel Px, their pixel values are generated
from the pixel values of the coded pixels as in the image
coding apparatus 104 according to the fourﬁh embodiment,
and the pixel wvalues corresponding to all the feference
pixels P0O~P9 are stored in_the prediction probability
generator 22.

In the prediction probability generator 22, on the
basis of the pixel values of the reference pixels PO~P9, a
prediction probability Sk for the coding target pixel Px is
obtained. This prediction probability Sk is output from
the prediction probability generator 22 to the encoder lé6e

-and the local decoder 24, and in the encoder 1l6e, a non-
reversible coding process according to the prediction
probability Sk is performed for a difference value between

the pixel value of the coding target pixel Px and a



decoding side, it is possible to accurately performa decoding process for
a coded signal w thout degrading the efficiency in predicting thg/68%21806
target pixel. Figure 7 is a block diagramillustrating a construction of
an i mage codi ng apparatus 104b according to the second nodification of the
fourth enbodi ment of the invention. Insghe figure, the sane reference
nunerals as those shown in figure 4 designate the sane part's as in the
28/ 08/ 2006 -59 image codi ng apparatus 104 according to the four.th

enbodi ment. This inmage coding' apparatus 104b is for performng a :
non-reversi ble coding process for a nmultivalued i mage signal as described

on-reversi bl 5 for a im | as de
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of the coding target pixel Px is stored in the main memory
4.

- As described above, according to the first
modification of the fourth embodiment, in the image coding
apparatus 104a perforﬁing a non-reversible coding process
for a binary shape signal, a coding target pixel adjacent
to the block boundary, for which generation of a prediction
value is difficult, can be coded while suppressing
degradation in coding efficiency. Therefore; influence of
transmission error can be converged block by block, and the
coding efficiency can be increased as compared with the
simple block-by-block coding process, and further, on the
decoding side, it is possible to accurately éerform'a
decoding process for a coded signal without degrading the
efficiency in predicting the coding target pixel.

Figure 7 is a block diagram illustrating a
construction of an image coding apparatus 104b according to
the second modification of the fourth embodiment of the
invention. In fhé figure, the same reference numerals as

those shown in figure 4 designate the same pafts as in the



basis of the reference pixels PO-P9 in the prediction value generator 14.
The encoder 16f has a construction to performa non- reversiblexPtn892006
.process for the pixel value of the coding target pixel Px on the basis of
the prediction pixel value Sp fromthe prediction value generator 14 and
the prediction probability Sk fromthesprediction probability generator
22, and the specific structure thereof is identical to that of the encoder
16¢c according to the third 28/ 08/ 2006 -60 enbodinment. Further, the |ocal
decoder 24 perfornms a decoding process while switching the coding nethod:
according to the prediction probability, like the encoder |6e. Also in the

mul ti val ued gemaged sngnappaeditng pl©¢eascbydinie tomags cohshi pghappar at us 104b
t hus constructed, with respect to uncoded pi xel s anong .t he reference

pi xel s PemB%difmgnt he coding target pixel Px, their pixel values are
generated fromthe pixel values of the coded pixels- as in the inmge

codi ng appar atsi s Ofimageokcddithd capperheust h o 4eniedi fentpe 2RE riig i xel
val ues corresponding to all the reference pixels POP9 are stored in the

predictig8n-d¥vahabibléyceanaipipfoddsandotthe RLARiGId 100 ¥ ak MEg@ener at or
14. In the prediction val ue generator 14, a prediction
signal as described above, and has a construction in which
a prediction probability generation unit 140b includes a
prediction probability generator 22 in addition to the
prediction value generator 14 in the image coding apparatus
104 according to the fourth embodiment. |

Like the prediction value generator 14, the prediction
probability generator 22 has a construction to receive
outputs Sout from thé selector switch 12, to successively
store pixel values of reference piXelS'PO~P9 for a coding
target pixel Px,'and to output, on the basis of these pixel
values, a prediction probability Sk that shows the accuracy
of a prediction pixel value Sp which is predicted on the
basis of the reference pixels P0~P9 in the prediction value
generator 14.

The encoder 16f has a construction to perform a non-
reversible coding process for the pixel value of the coding
target pixel Px on the basis of the prediction pixel value
Sp from the prediction value generator 14 and the
prediction probability Sk from thé prediction probability
generator 22, ahd.the specific structure thereof is

identical to. that of the encoder 16c according to the third



pi xel value of the coding target pixel Px is obtained from the reference
pixels PO-P9 as in the fourth enbodinent. Further, in the predixgye8/2006
probability generator 22, a prediction probablllty Sk for the coding
target pixel Px is obtalned on the basis of the pixel values of the
reference pixels PO P9. The predictiongpixel value Sp and the prediction
probability Sk are output to the encoder 16f and the |ocal decoder 24, and
in the encoder 16f, a difference value between the pixel value of the
codi ng target pixel Px and a 28/ 08/ 2006 previously set prediction pixel
value is subjected to a coding process according to the .prediction

probabi lddyoSkmentt, this time, the | ocal decoder 24 perforns a decoding
process for an output Cs fromthe encoder 16f according to the prediction

probabi |1ty Skyr¢henedychbe 1ol q8bugee 24! i co%.*ng haREEL AR P 1S

reproduced. This reprioduced™ pi xel ue o] ar get p| Px is

stored 35‘:59@53H@thrga@wYtéhlB@erﬁ{é’rgodgﬁ% a0 4 0c60ding %ff' HENCY

i s-avoi réspect to an image signa generatron of
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efficie can |zed mn respect to an irage Signal for which a
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the image codlng apparatus 104b thus constructed, with
respect to uncoded pixels among the reference pixels P0~P9
for the coding target pixel Px, their pixel values are
generated from the pixel values of the coded pixels as in
the image coding appaiatus 104 according to the fourth
empodiment, and the pixel values corresponding to all the
reference pixels PO~P9 are stored in the predictiod
probability generator 22 and the pfediCtioh value generator
14.

In the prediction value generator 14, a prediction
pixel value of the coding target pixel Px is obtained from
the reference pixels PO~P9 as in the fourth embodiment.
Further, in the prediction probability genefator 22, a

~prediction probability Sk for the coding target pixel Px is
obtained on the basis of the pixel values of the reference
pixels PO~P9.

The prediction pixel value Sp and the predlctlon
probablllty Sk are output to the encoder 16f and the local

-decoder 24, and in the encoder 16f, a difference value

between the pixel value of the coding target'pixel Px and a



apparatus 104b perform ng non-reversible coding of a nultivalued signal, a
codi ng target pixel adjacent to the block boundary, for which @gL08Vi2Q06
.of a prediction value is difficult, can be coded whil e suppressing
degradation in coding efficiency. Therefore, influence of transm ssion
error can be converged bl ock by bl ock, .gpd the coding -efficiency can be

i ncreased as conpared with the sinple bl ock-by-block coding process, and
further, on the decoding side, it is possible to accurately performa
decoding process for a coded signal wthout- degrading the efficiency

28/ 08/ 2006 -62 in predicting the coding target pixel. Enbodinent 5.

Figure 8i&vaolkogk sditags ABUK U 831 £8] avataRSIUC h95e Bk N i rage
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the coding target pixel Px is reproduced. This reproduced
pixel value of the coding target pixel Px is stored in the
main memory 4.

Therefore, degradation in coding efficiency is - avoided
with respect to an imége signal for which generation of a
prediction value is difficult, and a significant increase
in coding efficiencylcan be realized with respect to an
image signal for which a predictioﬁ value is easy generated.

As described above, according to the sécond
modification of the fourth embodiment, in the image coding
apparatus 104b performing non-reversible coding of a
multivalued signal, a coding target pixel adjacent to the
block boundary, for which generation of a prédiction value
is difficult, can be coded while suppressing degradation in
coding efficiency. Therefore, influence of transmission
error can be converged block by block, and the coding
efficiency can be increased as compared with the simple
block-by-block coding process, and further, on the decoding
side, it is poséible to accurately perform a decoding

process for a coded signai without'degfading fhe efficiency



a coded signal which is obtained by coding a pixel value of. a coding
target pixel Px, with reference to a prediction pixel value of 2de08/2006
.decoding target pixel, an inverse blocking unit 30 for conbining decoded

i mge signals Ds corresponding to the respective bl ocks output fromthe
decoder 26a to generate a reproduced igﬁge signal Rs having a prescribed
scanning line structure, and a prediction value generation unit 150 for
generating the prediction pixel value on the basis of pixel values of
reference pixels PO-P91 |ocated in the vicinity of the decoding target
pi xel Px'. 28/ 08/2006 -63 The prediction value generation unit 150 is

simlar to .the.predictio I iopn.,unit 110 included in the inage
codi ng aJprba?5?§§%f&f%c%%$d¥§8li§gggw%r%ér.sﬁlygjﬁf)odi ment. To be specific,

t he gengga%ign valu% generation unit 150 includes a nass storage nain
menory 7’ % HRE NGt ‘storing pixel values by, for exanple, nunbers

di 1 f , d.first d il [ 6
and 6b of di 1 FEBGTE bl 1 par PAGS Fort ¥AHESR 1 F THERBAEANT v ol di ng pi xel

hasa coT REEFGHAh Ui th LPAGSp RSO GcRPROF FECRord hG O FHERS ©
el ot ence PLXEL 2o i1 hhe! BE 520U AL 98h BIXGo P XL L 0 be pr
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The image decoding apparatus 105 according to this
fifth embodiment reversibly decodes a coded image signal
which has been reversibly coded by the image coding
apparatus 101 according to the first embodiment.

This image decoding apparatus 105 includes a decoder
26a for decoding an input coded image siénal Cs for each of
plural blocks constituting a single image display region,
more specifically, for decoding a bixel vaiue of a decoding
target pixel Px' being a target of a decoding process, i.e.,

-a coded signal which is obtained by coding a pixel value of
a coding target pixel Px, with reference to a prediction
pixel value of the decoding target pixel, an inverse
blocking unit 30 for combining decoded image signals Ds
‘corresponding to the respective blocks output from the
decoder 26a to generate a reproduced image signal Rs having
a prescribed scanning line structure, and a prediction
Valﬁe generation unit 150 for generating the predictidn
pixel value on the basis of pixel values of reference

pixels P0'~P9' located in the vicinity of the decoding

target pixel Px'.



by the decoder 26a (see figure 17) are successively output fromthe stored
pi xel values, during a period of time required for a coding prqg;agggﬁz 6
.pixel value. The first auxiliary nenory 6a.has a construction in Ich the
pi xel values M successively output fromthe main nenory 4. are delayed by
one pixel, -and the second auxiliary nesry 6b has a construction in which
t he pixel values M successively output fromthe main nenory 4 are del ayed
by two pixels. Further, the prediction value generation unit 150 .incl udes.
a counter 8 for receiving the decoded i mage signal Ds per. frame and

counting the nunber of pixel values, and a decoded/ undecoded deci sion unit

20 for decidiTge pheldiertide 28108/ QOferH¥iphxahivalisd bej ngimulawt tfg om
the main nmenory 4 is a pixel value of a decoded pixel which has already

been degeded hydibeidecadaruebgent rat iRjrkahn vl ¥e00k nan udeciodegnpi xel
whi ch has not been decoded yet, according to an output Cout fromthe

count er ;g3 ddVi OR BRI AN s T ehat iRgd8a ¥ey tE6akhang shasd zontal bl ock
nunbers i n“each frame, supplied fromthe outside. In this case, the

deci si og g@&i&%h@[so performa process of neasuring a distance between an -
undecodeg pt xel and a decoded pixel that is on the sane horizontal '

scanni ng | i nepas,andppearest, t epkhgemdecodsd phxgk. g\éﬂ;)]{e*}(ﬁh.*ll@o@ugﬁg'& of

pi xel s. The counter 8 is reset whén the pixel value pi X

consti t %ionqn&n?d%gagenérs% | DPYE 2 g EURING MREFor §NE BLBALA Yk val ue

generation unit 150 includes a
storing pixel values by, for example, numbers corresponding
to one frame, and first and second auxiliary memories 6a
and 6b of different hold periods of time, for temporarily
holding pixel values M output from the main memory 4. 1In
this case, the main memory 4 has a construction in which
the pixel values corresponding to the reference pikels
PO'~P9' for the decoding target pixel Px' to be'pfocessed
by the decoder 26a (see figure 17) are successively output
from the stored pixel values, during a period of time
required for a coding process of a pixel value. The first
auxiliary memory 6a has a construction in which the pixel
values M successively output from the main mémo;y-4_are
delayed by one pixel, and the second auxiliary memory 6b
has a construction in which the pixel values M successively
output from the main memory 4 are delayed by two pixels.

Further, the pfediction value generation unit 150

includes. a counter 8 for receiving the decoded image signal

Ds per frame and counting the number of pixel values, and a

decoded/undecoded decision unit 20 for deciding whether the



selector switch 12 for selecting and outputting one of the outputs M M.
and Mo fromthe main nenory 4, and the first and second auxili agy/ ogyrogEs
.6a and 6b, respectively, according to an output Scont fromthe decoded/
undecoded decision unit 20, and a prediction value generator 14 for
receiving outputs Sout fromthe selector swtch 12 as the pixel values of
the reference pixels PO -P9 required for generating a prediction pixel

val ue for the decoding target pixel Px', ., and generating the prediction

pi xel value Sp for the decoding target xel Px'. In the inmge decoding
appar atus 105, ihe de oder 26a 2 /08/%006 . -65 decodes a .coggglaldl%er ence
val ue for thRXE Efia%e Pt EPTP heEman memepy i 15,8 RIXg

signal fromthe outside to generate a decoded difference val ue, and adds
Uhe pr edi ot | GecqsadpirehNdechhas oiread hresciesadsd hatbe degeder Peei @i uni {
150 to the decoded difference value to generate a decoded pi xel val ue of

t he decodi nga pixeletalneoflan andeooded pixdlevisinirhao nob deenvaesidd petsi ng uni t
30. A description is given of the operation. Figure 9 is a flowchart

o of he SSCHUIRIPSESREDU R TRGE SHEREL DR pHiA e (1
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supplied from the outside. In this case, the decision unit 20 also
perform a process of measuring a distance between an undecoded
pixel and a decoded pixel that is on the same horizontal scanning line
as and nearest to the undecoded pixel, with the number of pixels.
The counter 8 is reset when the pixel values of all pixels constituting_
one frame are input.
Furthermore, the prediction value generation unit 150 includes a
selector switch 12 for selecting and outputting one of the outputs M,
Ma, and Mb from the main memory 4, and the first and second
auxiliary memories 6a and 6b, respectively, according to an output
Scont from the decoded/undecoded decision unit 20, and a prediction

value generator 14 for receiving outputs Sout from the selector switch

12 as the pixel values of the reference pixels PO’~P9’ required for
generating a prediction pixel value for the decoding target pixel Px’,
and generating the prediction pixel value Sp for the decoding target
pixel Px’.

In the image decoding apparatus 109, the decoder 26a



process for the coded image signal Cs, according to a prediction signal Sp
fromthe prediction value generation wunit 150. At this tinme, agupal/i2ioane
.of dec' oded pixel values output fromthe decoder 26a and corresponding to
one frame are successively stored in the main nmenory 4,.and the main
menory 4 outputs pixel values of pluralgsceference pixels (peripheral

pi xel s) PO -P9'" l|ocated in the'" vicinity of a decoding. target pixel Px',
whi ch reference pixels are referred to w hen the decodi ng target. pi xel Px'
is decoded (step S11). 28/08/2006 66 Next, the first reference pixel
anong the plural reference pixels obtained by the main nenory 4 is

regar dedi R e glegi 8baqt %fi&efeﬂ@héé' va3uep f,%sz)tzhé‘”@o&lﬂﬁgg%%%eéjé undecoded

decision unit 20 decides whether the decision target piXel I's a decoded

pi xel op; 0t #SteRiShdis Sdiseci Ast b %o@%go%@{gémﬂggﬂgﬁd 54%3& f%ﬁ@ uni t

20 the increnment of the counter output Cout is sync nize t he

oper at i g, «af; RICCESGhUBIY LUt PUGLEDEHN B IRIPESle Al UpS10E LGy tafuL ef erence

pixels PO-P9" fromthe main nenmory 4 according to a reference clock, the

posi ti op hQf ﬂkedf@{fsﬁng%}@ﬁ%l@si 5 g)gb&uttﬁer B&g@é@fc%gg KeEL] 4,

relative tothe decodin target pixe ", can det ect y the counter

output GaerAS ddCuh2EUL 014 NendeabBbaRY WIGEdfendECkahan i 0et
pi xel 1s a decoded pixel, 1ts pixel value s received as a

referen&%nerate a decoded pixel value of the decoding target pixel
and output the same to the inverse blocking unit 30.

A description is given of the operation.

Figure 9 is a flowchart showing the decoding process
of the image decoding apparatus 105, and the flow of the
decoding process will be described briefly along this
flowchart. |

When a coded image signal Cs is input.to this image
coding apparatus 105, the decoder 26a performs.a decoding
process for the coded image signal Cs, according to a
prediction signal Sp from the prediction value generation
unit 150.

At this time, a plurality of decoded pixel values
output from the decoder 26a and corresponding to one frame
are successively stored in the main memory 4, and the main
memory 4 outputs pixel values of plural reference pixels
(peripheral pixels).PO'~P9' located in the vicinity of a
decoding target pixel Px', which reference pixels are

referred to when the decoding target pixel Px' is decoded

(step S11).



pi xel value by the prediction value generator 14 (step S15), and when the
deci sion target reference pixel is not a decoded pixel, a refe@ﬁﬂpggp@@%G
.value (replacenent pixel value) of this reference pixel is generated from
its peripheral decoded pixels, and received by the prediction val ue
generator 14 (step S14). Next, it is decided whether all of the reference
pi xel values required for decoding t heb@ecodi ng target pixel are received
by the prediction value generator 14 (step S16), and when all of the
reference pixel values required are not 28/ 08/ 2006 -67 received, the next

reference Niexe| the Fhetr eifRrence pixél ameﬁgam@%ﬂmélhﬁefé%ﬂc@gm&s4 I's

regarded as the decision target (step S18), and the plrf)cefsseﬁ i f
st eps. S13- { . e ot her hand, n all,of. the reference
pi xel val ugé@arlfeig‘gcll rﬁe’gpczl%e%?aélég}eégl %V '?lﬁés d.lﬁ&ﬁ'iré\tglggﬁsvadl%%mségﬁe{%ﬁgﬁt 14, a

rediction pixel value for the decoding_ target pixel Px' is generated
gccor di ng Eg(éihgsltépe%ér?ge angdythedegadedy undeended cdeoisioal wnigeR6r at or

14 (step S17). Thereafter, the pixel value of the decoding target pixel
Pxl is recétomtthywhhéhdectduerd@fsiandtargitmpizxehdsusal decoledppégéelioron
pi xel value of the decoding target pixel Pxl is received fromt-he
predi cti omygl(geepgSN®) at Finks (ﬁtﬁﬁssa%):od%aguﬁdEBSdéaCa%isi%@ﬁiuﬁit

decodi ng process for the pixel value of the decoding target pixe
20 the increment of the counter output Cout is synchronized
with the operation of successively outputting the pixel values of
the ten reference pixels PO’-P9’ from the main memory 4
according to a reference clock, the position of the reference pixel
being output from the main memory 4, relative to the decoding
target pixel Px’, can be detected by the counter output Cout.
As the result of the decision, when the decision target reference
pixel is a decoded pixel, its pixel value is received as a reference
pixel value by the prediction value generator 14 (step S15), and
when the decision target reference pixel is not a decoded pixel, a
reference pixel value (replacement pixel value) of this reference
pixel is generated from its peripheral decoded pixels, and
received by the prediction value generator 14 (step S14).
Next, it is decided whether all of the reference pixel values
required for decoding the decoding target pixel are received by

the prediction value generator 14 (step S16), and when all of

the reference pixel values required are not



Px'" is carried out using the prediction pixel value (step S20). A detailed
description is now given of the operation of the inmage decodi n®@pgal/atiose

.105 in" the decoding process for the inmage signal, and the specific
operations of the respective units in this apparatus in steps SII|-S20.
When a coded inmage signal Cs is input t® the image decoding apparatus 105,
the coded inage signal Cs is transmtted to the decoder 26a, and in the
decoder 26a, a decoding process in which pixel values of decoding target
28/ 08/ 2006 -68 pixels -Px' are de' coded pixel by pixel with reference to
reference pi xel values, is perfornmed block by block. At this time, the
pi xel vAI*ERLIBEEputher iR thergéesemce whxahdivonde tngfemenne forianelar e
successively stored in the main nmenory 4, and pixel. values of-reference
pi xel s qaimadfby &deh rtddmagorar gbtipi RepaPdedaras ditputiesti siodi xed
read cycle (step Sl1). An output Mfromthe main nenory 4 is tenporarily
hel d i n G3%Ig% r §staRd Sdddondandukhlei Asoeesvesein6s taps 6Bl 3 TRE 6 jamss
auxiliary nenory 6a holds the output fromthe nain nenory 4 for a period
corr espGRHIREeD. on®r ddte cgther dvaddhewkenonadlawd |tk yreffememedb hol ds
it for a period corresponding tot wo read cycles. In the counter 8, wth
the fir@ixsketalutgeriegwimwed are received by the prediction value
generator 14, a prediction pixel value for the decoding
target pixel PX' is generated according to the reference
pixel values by the prediction value generator 14 (step
S17).
Thereafter, the pixel value of the decoding target
pixel Px' is received by the decoder 26a and,
simultaneously, the prediction pixel value of the decoding
target pixel Px' is received from the prediction value
generator 14 (step 519), and in the decoder 26a, a decoding
process for the pixel value of the decoding target pixel
Px' is carried out using the prediction pixel value (step
S20).
A detailed description is now given of the operation
of the image decoding apparatus 105 in the decoding process
for the image signal, and the specific operations of the
respective units in this apparatus in steps S11~S20.
When a coded image signal Cs is input to the image
decoding apparatus 105, the coded image signal Cs is

transmitted to the decoder 26a, and in the decoder 26a, a

decoding process in which pixel values of decoding target



frame as a reference, the nunmber of input pixel values is counted in
accordance with outputs Ds fromthe decoder 26a, and this countzgﬁbgqmg
.is output toward the decoded/ undecoded decision unit 20. In this

decoded/ undecoded decision unit 20, inf6é8mation BNs relating to vertical
and horizontal block nunbers in one frame is input fromthe outside, and a
reference pixel designated by the bl ock nunber information BNs and the
output fromthe counter 8 is regarded as a decision target pixel to be
deci ded whether it is a decoded pixel or an undecoded pixel. For exanpl e,
when a deteedilsg Bar gete pdeebd2dl GBI 20D6by- f9xB1' wiikx Heard fledeagseshtoywn in
figure 17, reference pixels PO -P9" for this decoding target pixel are

deci ded, rafidrichee [pixedl POR1ukese 8 xgériakned »lowkpwy fHoscikhe nain
menory 4 first is regarded as a decision target pixel (step S12) At this

tinme, the pixelt wvilie oimkhe tief g5 £06e Pphxaks BAtpur her@mi Bhihaiddsge rand
second auxiliary nenories 6a and 6b for one read period, and two read

peri ods, 2 6aespectdom tyi t hBihle odrcofleshendeeodaed cde® iSOy UBkbrdd id he
position of the decoding target pixel in the decoding target block is
cal cul ateHeOnatile rdasd Sy of , t BACPIUET vAVLBYL o EOWe rANWL A BE B Hunber

information BNs, it is decided whether the reference pixel Is a decoded

pi xel orpoanpyndeendash gh X8kcodNth ACEHFgepdpt Qetihexresdtd Shtbh® at a
fixed read cycle (step S11). An output M from the main
memory 4 is temporarily held in the first and second
auxiliary memories 6a and 6b. The first auxiliary memory
6a holds the output from the main memory 4 for a period
corresponding to one read cycle, and the second auxiliary
memory 6b holds it for a period correspoﬂding to two read
cycles.

In the counter 8, with the first pixel value in one
frame as a reference, the number of input pixel values is
counted in accordance with outputs Ds from the decoder 26a,
and this count value Cout is output toward the
decoded/undecoded decision unit 20. In this
decoded/undecoded decision unit 20, information BNs
relating to vertical and horizontal block numbers in one
frame is input from the outside, and a reference pixel
designated by the block number information BNs and the
output from the counter 8 is regarded as a decision target
pixel to be decided whether it is a decoded pixel or an

undecoded pixel. For example, when a decoding target pixel



decision, the selector switch 12 is controlled. Since this pixel PO is a
decoded pixel as shown in figure 17, as the result of the deci g8y 2dss
.decoded/ undecoded decision unit 20 (step S13), the selector switch 12 is
controlled by the decoded/ undecoded decision unit 20 to select the output
Mfromthe main nenory 4, whereby the -$i9xel value of the reference pixel
PO is stored, as a reference pixel value, in the prediction val ue
generator 14. Thereafter, in the decoded/undecoded decision unit 20, it is
deci ded whet her or not the pixel values of all the reference pixels for
the decoding target pixel,Pxl are 28/08/2006 70 received by the prediction
val ue geh®l atler dexcide@pasiehowm ihi §igage ISinceeféeenekepdnnel pi xe
values of all the reference pixels PO-P9 are not received by the
predi ctiBf'v&9Je fiyanetrlal or debhdimg tecgedd/pinelecadedddedideidon anmd ttRE
regards the pixel value of the reference pixel PV, which is output from
the mai npiredody) '4 wifdse plhael xedlval s olutiphe refenethe paxiel M¥horas a
pi xel value of a decision target pixel (step S18). Since the reference
pi xel Pl4 fsratddeodesypideld ldken theciefienencarddtxebi RO, (st mExr . val ue
of the reference pixel PI' is subjected to the processes in steps S13,
S15, S16 and &t8.thSubseiment Ibhe thixdecodddle Wletipslededetienicen pitkd1 20
regards the pixel value of the reference pixel P2', which is output from

PO0' is held in the first and second auxiliary memories 6a

and 6b for one read period, and two read periods,

respectively. In the decoded/undecoded decision unit 20,

the position of the decoding target pixel in the decoding

target block is calculated on the basis of the counter

output Cout and the block number information BNs, it is

decided whether the reference pixel is a decoded pixel or

an undecoded pixel, and according to the result of the

decision, the selector switch 12 is controlled.

Since this pixel P0' is a decoded pixel as shown in
figure 17, as the result of the decision by the
decoded/undecoded decision unit 20 (step S13), the selector
switch 12 is controlled by the decoded/undecoded decision
unit 20 to select the output M from the main memory 4,
whereby the pixel value of the reference pixel P0O' is
stored, as a reference pixel value, in the prediction value
generator 14.

Thereafter, in the decoded/undecoded decision unit 20,
it is decided whether or not the pixel values of all the

reference pixels for the decoding target pixel .Px' are



the main nmenory 4 after the pixel value of the reference pixel PI', as a

pi xel value of a decision target pixel (step S18). Since this refepg8re006
.pixel P2' is an undecoded pi xel adjacent to the decoded pixel, unlike the

reference pixels PO and Pl', the selector switch 12 is controlled by the
decoded/ undecoded decision unit 20 to_select the output Ma fromthe first
auxiliary nmenory 6a, whereby the pixel7Qal ue of the reference pixel Pl' is

stored in the prediction value generator 14 as a replacenment pixel value
of the reference pixel P2' (step S14). Thereafter, the processes in step

S16 and Stegc&iv@daby ehepitedict M WH14@08enétatay thae(stelh 8 1163f erence pi xel s
P3'-P5' are subjected to the processes In steps S13, S15, S16, and S18

like the r C i er ixel RP6'..is subjected to
the proc e@s 321 qlﬁnég?g,pé‘ﬁéiqugli:@ﬁ%}l%?%% 1%f§ Qﬁik@ St ﬁt ailgfggceﬁ%t?:e&%?ﬁl ,
P2' . Subsequent|y ,the, decoded/ undecoded decisiqgn unit regards the
pi xel val l’iﬁrist ﬁg Té?eﬁéﬁc%obirﬁéplwg%m%nPir§db%‘%199t vahémgm@rmrn
menory 4 after the pixel value of the reference pixel P6, as a pi >_<e| val ue
of a decislén the qdecodrd/ undegodid) desision umits20efregande phrepi®dl s
an undecoded pixel that is positioned across one pixel fromthe decoding
target pixeluarndfi keetefereaker picel PXphehRh -i86outplr HIMCERE meiibch 12
is controlled by the decoded /undecoded decision unit 20 to select the
out put M miehRBtyhe S8 EhaUsitd PR IARMBE HHP refRI ALY JiR1PPYE! akahue of
pixel value of a decision target pixel (step S18). Since the
reference pixel P1’is a decoded pixel like the reference pixel PO’
the pixel value of the reference pixel P1’ is subjected to the
processes in steps S13, S15, S16 and S18.
Subsequently, the decoded/undecoded decision unit 20 regards
the pixel value of the reference pixel P2’, which is output from
the main memory 4 after the pixel value of the reference pixel
P1’, as a pixel value of a decision target pixel (step S18). Since
this reference pixel P2’ is an undecoded pixel adjacent to the
decoded pixel, unlike the reference pixels PO’ and P1’, the
selector switch 12 is controlled by the decoded/undecoded
decision unit 20 to select the output Ma from the first auxiliary
memory 6a, whereby the pixel value of the reference pixel P1’ is
stored in the prediction value generator 14 as a replacement

pixel value of the reference pixel P2’ (step S14).

Thereafter, the processes in step S16 and Step S18 are executed.



the reference pixel P5 is stored in the prediction value generator 14 as
a replacenent pixel value of the reference pixel PV (step Sl4).28/08/2006
.Thereafter, the processes in steps S16 and step S18 are execut e(?. ?:urt er,
the reference pixels P8:' and P9' are subjected to the processes in steps
S13, S15, and S16 like the reference piXdi PO At this tine, the decoded/

undecoded decision unit 20 decides that the reference pixel values of all

the reference pixels PO -P9 are received by the prediction va |ue

generat or Phirthrd,t the28+OfréoRe pidlsedPglipgr vatedle sgijecttd’ £ the

calculates a prediction pixel value for the decoding target pixel Px'on
t he basis gf fere i ueg {lecei .V t S.17). reafter,
the pixel DPRESSPS, R REGEISEs, SI0 S IEI Sulf Y ke hi nelPFREs: e

val ue are recejved by the. decoder 26a (step, S_19), and a val ue obtai ned
by addi ng PREEhi ﬁgl v‘apge the H%fef‘cr@&ﬁ;ﬁ nQIX?larﬁé? % xsSulbeciad t¥r the

predi ction pixel value is output as a decoded inmage signal Ds of the

= decodi ng tprgeespeseinPstepst3p3528)14,1 B khi andays18 hikepithel refeneacen t he
respective blocks in one frane are successively decoded. Since the first

pi xel in opgcdlrpxe, has no decoded pixel for reference, its decoding

process is carried out with a prediction pixel value of 0. In the inverse

N e I S N
of & scanntihneq I;iixrcle 3atlf1,lljgtoL¥ the reference pixel P7’, which is output from
the main memory 4 after the pixel value of the reference pixel
P6’, as a pixel value of a decision target pixel (étep S18). Since
this reference pixel P7’ is an undecoded pixel that is positioned
aéross one pixel from the decoding target pixel, unlike the
reference pixels P0’-P6’, the selector switch 12 is controlled by
the decoded/undecoded decision unit 20 to select the output Mb
from the second auxiliary memory 6b, whereby the pixel value of
the reference pixel PS5’ is stored in the prediction value
- generator 14 as a replacement pixel value of the reference pixel
P7’ (step S14). Thereafter, the processes in steps S16 and step
S18 are executed.
Further, the referenqe_bi’xgls P8’ and P9’ are subjected to the
processes in steps S13, 815‘, and S16 like the reference pixel
PO’. At this tim_e,. the decoded/undecoded decision unit 20

decides that the reference pixel values of all the reference pixels

PO’-P9’ are received by the prediction value generator 14, and the



As descri bed above, according to the fifth enbodi ment of the invention,
when a pixel value of an undecoded pixel is referred to, since zphB92006
.value of a coded pixel inits vicinity is referred to, the adaptive

pi xel - by- pi xel decodi ng process and the bl ock-by-bl ock decoding process
can be perfornmed w thout degrading correlation of pixel values between the
undecoded pi xel and the decoding tarft pixel. Thereby, it is possible to
accurately decode' a 28/08/2006 -73 coded inmage signal cs which has been
processed predictioti vajuergerterdtoml divadiulanés aqrediction paxelsyalslei 9% error can
"be converged bl ock by block and the coding efficiency can be inproved as

compar ed Whé debsdiigRirgeb pped- 1By obl ekbasid sftheprefersatce phidle in the fifth
enbodi ment two auxiliary nenories 6a and 6b of different tines for holding

momory 1 oreisrose B ST e ot put £ om the ma n memory 4 may be
Temory 4 ribenaliombedinyl vAve A inE shRer Rt P and 0" Cor di ng
to the distance between the undecoded pi xel and the decodin t ar get
~ pi xel'. Furphetictiohi pixel nalitecard fedeieehbytitherdeasdley ?cﬁﬁb(StﬁPeﬁ?@}’i on pi xel
val ue of the decoding target pixel Px' is referred to in the decoding
process fOopnihgvhRISbELIABA!by adding the pixel value of the decoding
target pixel Px’ and the prediction pixel value is output as a
decoded image signal Ds of the decoding target pixel Px’ (step S20).
In this way, the;p.ixel.value-s in the respective blocks in one
frame are successively decoded. Since the first pixel in one frame
has no decoded pixel for reference, its decoding process is carried
out with a prediction pixel value of O.
In the inverse blocking unit 30, the decoded image signals
Ds are combined so as to correspond to a single frame screen to
output a reproduced image signal Rs of a scanning line structure.
As described above, according to the fifth embodiment of the
inventidn, when a pixel value of an undecoded pixel is referred to,
since a pixel value of a coded pixel in its vicinity is referred to, the
adaptive pixel-by-pixel decoding process and the block-by-block
decoding process can.be performed without degrading correlation

of pixel values betWéen the undecoded pixel and the decoding

target pixel. Thereby, it is possible to accurately decode a




t he decodi ng process nmay be perforned on the basis of, not only the
prediction pixel value of the decoding target pixel Px1, but alzp/6B892006
vo7

.prediction probability that shows the accuracy of the prediction pixe
value. In this case, when the inmage signal being a target of the decoding
process is a binary shape signal, since,{he prediction pi xel value is
either "0" or 111", only the prediction probability may be referred to,
with the 28/0812006 -74 prediction pixel value being fixed to either "0",
or "I Hereinafter, as a sixth enbodi nent of the invention, an inage
decodi ng apparatus for perform ng a decoding process of a binary shape

or e ct 1 Ep0g a3 Ridng T ¥t viBEr Bhn Bl aac ebder R Hhour e of
process BrEASRuAR viTgh 1REQLDRAATE AR o Fb OBt s

D ot 20 g B Ay RS AT PR e ALl B deseri ped.
o1 LTS, G5C9UN 2PRRLAL LB ACSQLN Tt O Bl SIDOCLIBIL 91 L, presen
figurei%éggégggte the sanme parts as in the i nage decodi ng appar at us

While in the fifth embodiment two auxiliary memories
6a and 6b of different times for holding the output M from
the main memory 4'are provided, only one auxiliary memory
for temporarily holding the output from the main memory 4
may be provided, and fhe time for holding the pixel value
output from the main memory 4 may be changed by the
decoded/undecoded deéision unit 20'according to thé
distance between the undecoded pixél and the decoding
target pixel.

Further, while in the fifth embodiment only the
prediction pixel value of the decoding target pixel Px' is
referred to in the decoding process for the image signal,
the decoding process may be perférmed on the basis of, not
only the prediction pixel value of the decoding target
pixel Px', but also the prediction probability that shows
the accuracy of the prediction pixel value.

In this case, when_the image signal being a target of
the decdding process is a binary shape signal, since the
prediction pixei value is either "0" or "1", only the

prediction probability may be referred to, with the



105 according to the fifth enbodi nent. The i mage decodi ng apparatus 106
according to the sixth enbodiment includes a prediction- probabidybp%/2006
.generator 22 in'" place of the prediction value generator 14 in the Inage
decodi ng apparatus 105 according to the fifth enbodinment, and perforns a
decodi ng process for a binary shape si.gpal whose pixel value is either "0"
or "1". The prediction probability generator 22 has a construction in
which as a prediction probability Sk, a 28/08/ 2006 -75 probability of a

pi xel value of a decoding target pixel Px' matching with its prediction

pi xel value i s obtained from pixel values of reference pixels PO -P9 for

the decogiredidtargetp pkael vBxue arehi hfepikba REEIAHHON Pfobghi ijtey Sk for.
t he decoding target pixel Px1 is output toward the decoder 26b. The

decoder 26b hag e COASEEWGT ia@N 4 Os DR A OBRLBC idRGRII Y c I; ¢h coded
i mge signal Cs which hasgbeen coded by thelinage codgﬁg.ggggﬁgfﬁgiloz

accordi ngnt @bl £KECOAIngMR  dF%EusAf9?SEEE@BT%14#; | y&0o 8t nihe function

and effect. Hére, the opération i1dentical to that he 1 mage” codi ng

appar at us r8eeQidigig éobiﬂ.grgi s$Ha LR i 8 Qe £ AGSPEL DES- oR050 4 N The
binary s ape si gnal decodi ng process
prediction probability in place of the prediction pixel
value will be described, and as a seventh embodiment of the
invention, an image decoding apparatus for performing a
decoding process of a multivalued image signal with
reference to both the prediction pixel value and a
prediction probability will be described.
Embodiment 6.

Figure 10 is a block diagram illustrating a
construction of an image decoding apparatus according to a
sixth embodiment of the present invention. In the figure,
the same reference numerals as those shown in figure 8
designate the same parts as in the image decoding apparatus
105 according to the fifth embodiment.

The image decoding apparatus 106 according.to the
sixth embodiment includes a prediction probability

| generator 22 in place of the prediction value generator 14
in the image decoding apparatus 105 according to the fifth
embodiment, and performs a decoding process for a binary
shape signal whose pixel value is either "0" or "1".

The prediction probability generator 22 has a

construction in which as a prediction probability Sk, a



t he i mage decodi ng apparatus 105 thus constructed, with respect to
undecoded pi xel s anong the reference pixels PO-P9" for the degyglng/2006
‘target pixel Px', their pixel values are generated fromthe pixel val ues
of the decoded pixels as in the inage decodi ng apparatus 105 according to
the fifth enbodi ment, and the pixel val’des corresponding to all the
reference pixels PO -P9'" are stored in the predicti.on probability
generator 22. In the prediction prob . ability generator 22, on the basis
of the pixel values of the reference pixels PO -P9', 28/ 08/ 2006 -76 a
prediction probability Sk for the decoding target pixel Pxl is obtained.
Thi s pr gdicttdloinl bt pbabi 18 tBL Bkl adwep@tf & rdesoddngr ddirgdtorpbxebaBi'ity
generator 22 to the decoder 26b, and in the decoder 26b, a difference
val ue belwesdrindeviphxditvapredottiba ddosl ngataegés pibtdimxd fndma
previously set prediction pixel value is subjected to a decoding process
accor di pdxted tweel peedodt imat prepabi bPilke 18k POs~BRScfoed hebsesodsnar di ng
to the sixth enbodinent of the invention, in the i mage decodi ng appar at us
106 f or tadeeddipigxalc®add iamgetBegniheolp o dhiect bgncpdiobg ke i twr §k i nage
signal, it is possible to realize a decoding process corresponding to a
codi ng fracéde chpabléngl tmodgey picedi My 't argedupprél tadjeackntheo t he
bl ock boundary, for which generation of a prediction value is difficult,
while decoder 26b.
The decoder 26b has a construction to perform a
decoding process for a coded image signal Cs which has been
coded by the image coding apparatus 102 according to the
second embodiment.
A description is given of the function and effect.
Here, the operation identical to that of the image
coding apparatus according to the first embodiment is not

described.

Also in the binary shape signal decoding process by
the image decoding apparatus 105 thus constructed, with
respect to undecoded pixels among the reference pixels
PO'~P9" fér the decoding target pixel Px', their pixel
values are generated from the pixel values of the decoded
pixels as in the image decoding apparatus 105 according to
the fifth embodiment, and the pixel values corresponding to
all the reference pixels PO'~P9' are stored in the
prediction probability generator 22.

In the prediction probability generator 22, on the

basis of the pixel values of the reference pixels PO'~P9',



suppressi ng degradation in coding efficiency. Enbodinent 7. Figure 11 is a
bl ock diagramillustrating a construction of an image decodi ng BPpeRLF6
.according to a seve~nth enbodi ment of the invention. In the figure, the
sane reference nunerals as those shown in figure 8 designate the sane
parts as in the image codi ng apparatus 44105 according to the fifth

enbodi nent. The-i nage decodi ng apparatus 107 according to the seventh
enbodi nent is for performng a coding process for a nultivalued inage
signal as described above, and has a 28/ 08/ 2006 -77 construction to
perform a decodi ng process for a coded image signal Cs which has been

ded b th d :
Nor e sgéciog. oS "Rt ERE ti%ﬁ.%&"éé@%@%ﬂ% g7 M e
t 1 b I
22 a1 iigh o %‘ﬁé‘egére%%.” REGE G 4B P EbR BTN T g8 kot ng.
t 10 to th : d nt Kk di I
Gencr at bF OFi L LT BHE G0 D D FrSRRRARTS SUNEr & 6F 23 Eas R oREERAT on'

Stor o pEier °“tcB‘“S FRPeFErE o7 GBr & P 7S 2 V20 Bsod T E R xel
Px", andlE{%lOl{rt ué 09 E:Re l2iasclc>sd1ng target pixel Px' and a
previously set prediction pixel value is subjected to a
decoding process according to the prediction probability Sk.

As described above, according to the sixth embodiment
of the invention, in the image decoding apparatus 106 for
decoding a coded imagé signal obtained by coding a binary
image signal, it is possible to realize a decoding process
corresponding to a coding process capable of coding a
coding target pixel adjacent to the block boundary, for
which generation of a prediction value is difficult, while
suppressing degradation in coding efficiency.

Embodiment 7.

Figure 11 is a block diagram illustrating a
construction of an image decoding apparatus according to a
seventh embodiment of the invention. In the figure, the
same referenée numerals as those shawn in figure 8
designate the same parts as in the image coding apparatus
105 according to the fifth embodiment.

The image decoding apparatus 107 according to the

seventh embodiment is for performing a coding process for a

multivalued image signal as described above, and has a



t hese pi xel values, a prediction probability Sk that shows the accuracy of
a prediction pixel value Sp which is predicted on the basis of %%FO /2006
reference pixels PO-P9" in the prediction value generator 14. e gecoder
26c perfornms a decodi ng process corresponding to the coding process by the
encoder 16c¢ according to the third enppdi nent, and the decoder 26C has a
construction in which the pixel value of the decoding target pixel Px' i's
decoded on the basis of the prediction pixel signal Sp fromthe prediction
val ue generator 14 and the prediction probability Sk fromthe prediction
probability generator 22. 28/ 08/ 2006 78 A description is given of the

functi on. &gt 8iE@Gbn B Set PErAPEr ¥d UH1 AN +58L KO fifiat, ofo4Ag | mage

coding apparatus according to the fifth enbodinent is not described. Also
in the myjs Maéﬁgﬁa'l”%%e vﬁiﬂ«?g' hd&C ¢lidip c%c@&&sﬁyb}fg%h‘iglalad*@gé?oﬁ%gd' ng
7t , un S

apparatus 1 s constructed, with respect to ecoded pi xe nong t he

refer ence, pi xel 5135 L3404 hhe tdeqad] Nh; {47 gfboBiKER P . their pixel

val ues are generat fromthe prxel values o ecoded pixels as in the

| mage deCOdingoggp%ggﬁfaégg%ﬁg?F%SH}%&f#tf@ﬁ ékéggbqwxggfﬁgﬁergqqéﬁma

pi xel val ues corres ref erence prxels are stored

BN ST R LR e s E T
val ue Ofprediction probability generator 22 in addition to the
prediction value generator 14 in the image coding apparatus
105 according to the fifth embodiment.

Like the prediction value generator 14, the prediction
probability generator 22 has a construction to receive
outputs Sout from the selector switch 12, to successively
store pixel values of reference pixels PO0'~P9' for a
decoding target pixel Px', and to output, on the basis of
these pixel values, a prediction probability Sk that shows
the accuracy of a prediction pixel value Sp which is
predicted on the basis of the reference pixels P0'~P9' in
the prediction value generator 14.

The decoder 26c performs a decoding proéess
corresponding to the coding process by the encoder 1lé6c
according to the third embodiment, and the decoder 26c has
a construction in which the pixel value of the decoding
target pixel Px' is decoded on the basis of the prediction
pixel signal Sp from the prediction valué generator 14 and

the prediction probability Sk from the prediction

probability generator 22.



t he decoding target pixel Px'is obtained fromthe reference pixels PO -P9
as~ in the fifth enbodiment. Further, in the prediction probabijgygg/2006
.generator 22, a prediction probability for the decoding target pixel Px'
i's obtained on the basis of the pixel values of the reference pixels

PO -P9. When the prediction pixel value Sp and the prediction probability
Sk are output to the decoder 26c¢c, the dec@®er 26¢c perforns a decodi ng
process according to tile prediction probability Sk for a val ue 28/ 08/ 2006
-79 obtained by adding the pixel value of the decoding target pixel Px'
and' the prediction pixel value fromthe prediction value generator 14. The
pi xel val ue of theA descrigition isagiyen ofi thel functimpandpefiebtced is stored in
the main nenory 4. As described above, according to the seventh

enbodi nent of the fjaMenhiedperabionhRientRIE toehatiofthe IRRPAEGENR07 f or
decodi ng a coded i mage signal obtained by coding a nultival ued 1 nmage

signal, it is _ROSSI t ea | e | DG, L Q C ding to a
coding pr oc@@?%ﬁ%%cgfd@%dng?%ﬁg%dgﬁgi tar geé]ttqgiﬁiogl(?%gj ac%ir}t to the
bl ock boundary, for, which generatjon of aprediction . valu e is.difficult,
whi | e suppressi’ ngAJé@g}Pa@i'&[’F’éﬁuV %*m@ggﬁgq%iwmﬁlﬂrﬁGﬁﬁﬁ by, thehe
fifth, sixth and seventh enbodinents, described are inmage decoding

appar at uses finrag¢edechdiggapisatratus 107 thus constructed, with respect to

undecoded pixels among the reference pixels PO~P2’ for the decoding
target pixel Px’, their pixel values are generated from the pixel values of
the decoded pixels as.-in the image decoding apparatus 105 according to
the fifth embodiment, and the pixel values corresponding to all the
reference pixels PO'~P9’ are stored in the prediction probability
generator 22 and the prediction value generator 14.

In the prediction value generator 14, a prediction pixel value of
the decoding target pixel Px’ is obtained from the reference pixels
PO~P9’ as in the fifth embodiment. Further, in the prediction
probability generator 22, a prediction probability for the decoding target
pixel Px’ is obtained on the basis of the pixel values of the reference
pixels PO’~P9. |

When the predic,tioﬁ jaixel value Sp and the prediction probability
Sk are output to the decoder 26¢, the decoder 26¢ performs a decoding

process according to the prediction probability Sk for a value




i mge signals that have been reversibly coded by the inmage coding
apparatuses 101, 102 and 103 according to the first, second andghpBYd2006
.enbodi nents, respectively, by constructing the decoder 26a so as to
perform a decodi ng process corresponding to non-reversible codi ~g, the

i mage decoding apparatuses 105, 106 ang, 107 according to the fifth, sixth
and seventh enbodi nents can correspond t0 the image codi ng apparatuses
104, 104a and 104b according to the fourth enbodi ment, and the first and
second nodi fications thereof, 28/ 08/ 2006 80 respectively. Further, by
recording a coding of decoding programfor inplenenting the construction

ot or omordtr SheRcBo R fte SRECHIALFTRLRN e LnP SR B e b ashpy
casi |y 15 Fhi ERauAR L ort: BF SIS Balo I3 S5O8 BPagram for

Che. af GFEHEHE FERBA Vi AEREE ALe Toxhut elintn P ool Lhosd S ut ng 2
12(h) SRS 4 Y ohts -t i <811 Piiopy i 36 2pRECSEl g SEatPanAnartia: {1 oppy

g:gi,agggdngqgégo%g(al shows an exanple of a physical format of the fl oppy

As described above, accoraing to the seventh
embodiment of the invention, in the image decoding
apparatus 107 for decoding a coded image signal obtained by
coding a multivalued image signal, it is possible to
realize a decoding.précess corresponding to a coding
process_capable of coding a coding target pixel adjacent to
the block boundary,.for which generation of a_prediction
value is difficult, while suppressing degradation in coding
efficiency.

Although in the fifth, sixth and seventh embodiments,
described are image decoding apparatuses for decoding coded
image signals that have been reversibly coded by the image
coding apparatuses 101, 102 and 103 according to. the first,'
second and third embodiments, respectively, by constructing
the decoder 26a so as to perform a decoding process
corresponding to non-reversible codihg, the image decoding
apparatuses 105, 106 and 107 according to the fifth, sixth
and seventh embodiments can correspond to the image coding
apparatuses 104; 104a and 104b according to the fourth

embodiment, and the first and second modifications thereof,



recordi ng nmedi um body. The floppy disk FD is contained in a case F, plural
tracks Tr are concentrically formed on the surface of the disk fg pgBt/06
.outer circunference toward the inner circunference, and each track is
divided into 16 sectors Se in the angular direction. Therefore, in the

fl oppy di sk containing the above-nentiofigd program in a region allocated
on the floppy disk FD, data as the programis recorded. Figure 12(c). shows
a structure for performng recording/reproduction of the programon the

fl oppy disk FD. 28/ 08/ 2006 81 When the programis recorded on the floppy-
disk FD, data as the programfroma conputer systemCsis is witten via a
fl oppy dfégpgekgqel)Mhen t he above- nentioned coding or decodi ng appar at us
is constructed in the conputer systemby the programis read fromthe

floppy di sk byubhed) onpy dbsk dineg @r@oéiﬁglsaift bed dt dd1ep £8 égfjrfor

system Al though in the above description a floppy disk I's enplo as a

dat a_r ecgid pRofdye 130 OPhEahcdiitin By Do CEBUGUET gl Hehs bhe

recordi ng diumis “not mted to these di sks, an nythi ng may be

enpl Oyeddééolagggt %gp%lﬁg@l?é aHl:cE‘i}rdi‘?{gaf% Can#No kCrfar %f‘Hr-én i op@esette,

can be recor Tt _ n the secornd and third enbodiments and the first
o e Do SIS 8L kOIS TIROLUR Ly 9 d s B bed o
disk, the process described in any of the embodiments can
be executed easily in individual computer systems.

Figure 12(a) is a diagram for explaining a case where
a coding or decoding process according to any of the
aforementioned embodihents is executed in a computer system
using a floppy disk in which the coding or decoding program
is stored.

Figure 12(b) shows a front view of a floppy disk, its
cross section, and a floppy disk, and fiqure 12 (a) shows an
example of a physical format of the floppy disk as a
recording medium body. The floppy disk FD is contained in
a case F, plural tracks Tr are concentrically formed on the
surface of the disk from the outer circumference toward the
‘inner circumference, and each track is di#ided into 16
sectors Se in the angular direction. Therefore, in the
floppy disk containing the above-mentioned program, in a
region allocated on the floppy disk FD, data as the program
is recorded.

Figure 12(@) shows a structure for performing

recording/reproduction of the program on the floppy disk FD.



probability, and in the fifth and sixth enbodi ments, there is described an
exanpl e in which the decoding nethod is changed according to theg/08/2006
.prediction probability, but code word (coding table) can be changed
according to the prediction probability. Especially when coding is
performed with arithnmetic code, by updating a probability table
corresponding to the arithnetic code acc®lding to the prediction
probability, the inage codi ng apparatuses according to the second and

28/ 08/ 2006 82 Third enbodi nents and the first and second nodifications of

the fourthyerea %ﬁﬁb : | ] r gtyU a&cg ding to
the fifth and si%?h enggggﬂgiggxggﬁasgg?gg?$€%gqg§&I?Pﬁgﬁgastructures, and
in this case, the effect on practical use.is _copsiderable. In.th resent
nvent o BREBTCFOR & OmBRrLr PamiCSi R Bl § Adgany sk AR
predicted with reference to pixel values of plural peripheral pixels

| ocat ed i n Whenitberahgve-mentignedisadinger deeedinng appargials isher al  pi xel s,
repl acenent pixel values are generated wusing pixel values of coded pixels

anong t he peohpherotéd phxtblescorhputensysteth by the plogrpasis read dformhthecodi ng
target pixel in the block, as a group of peripheral pixels to be referred

to when gengpabi skt F8bPY @RKRIriPe andl t+8nshfiticdN he BbibGtern

di fferent arrgkgengntﬁy}iﬁéthg Vicinity of the coding target p?&iﬁel may be
enpl oyed. For _exanple, in a specific description with reference to fitgure
14, when tPS®€8%i ng target pixel Px is positioned at the boundary of the

bl ock, only the peripheral pixels PO P11, P3, P4, P53, P8, ancl
Although in the above description a floppy disk 1s employed as a

data recording medium, an opticai disk may be employed. Further, the
recording medium is not limited to these disks, and anything may be
employed as long as a program, for example, an IC card or a ROM
cassette, can be recorded therein.

In the second and third embodiments and the first and second
modifications of the fourth embodiment, there is described an example
in which the coding method is changed according to the prediction
probability, and in the fifth and sixth embodiments, there is described
an example in which the decoding methcd is changed according to the
prediction probability, but code word (coding table) can be changed
according to the prediction probability. Especially when coding is
performed with arithmetic code, by updating a probability table
cofresponding to the arithmetic code according to the prediction

probability, the image coding apparatuses according to the second and




P9 ‘are used as reference pixels, and when the coding target pixel Px is
not positioned at the boundary of the block, all of the periph i

PO, P1, P2, P3, P4, P5, P6, P7, P8, and P9 are wused as referen?e@;,)f)ge/@és
When the coding target pixel Px is coded, the code word is swtched

bet ween code word constructed by 28/ 0818806 -83 only the peripheral pixels
PO, PI, P3, P4, P5, P8, and P9 and code word constructed by all of the pe
ri pheral pixels PO P, P2, P3, P4, P5, P6, P7, P8, and P9. In other

wor ds, theTérieddembolie®ests W@ dheo firfidtahd sé@&ﬁ&'ﬂo@iif&%@%ﬁ‘g‘grﬁggﬁ and

corresponding to positions of the coding target pixel Px int
tar

t he code ' A or qj t he sitign of,.the codin et

pi xel Px. V\%?/gﬂﬂ?n és:‘l;}ch agéglglg’t r%‘c | on&lét ‘E‘i??g%e ggg??W%noﬁﬂpaFgﬁﬂﬁFﬁe
enbodi nents 6f the present _invention that the sane effects as provided by
t he i mage @8895‘31%3& gﬁss%ﬁhr@dowr&hnembmr(mna@ ¢an becrerlized byso
c,onstructed so that it has plural code words corresponding to positions
of the de8voplg stangéurpsxeindin this kask| atle sffesn om bHigetieal Tise ag8d t he
code word is changed according to the position of the decoding target

pi xel Px', coheiddnaBlee sane effects as provided by the i mage decoding
apparatuses of the. aforenentioned enbodi nents are obtai ned.

In the preseﬁt invention, when a prediction pixel value of a coding
target pixel is predicted with reference to pixel values of plural
peripheral pixels located in its vicinity, for uncoded pixels among
tﬁe peripheral pixels, replacement pixel values are genérated
using pixel values of coded pixels among the peripheral pixels, but
according to the position of the coding target pixel in the block, a.s
a group of peripheral pixels to be referred to when generating its
prediction pixel value, peripheral pixels in different arrangement
in the vicinity of the coding target pixel may be employed.

For example, in a specific description with reference to fitgure 14,
when the coding target pixel Px is positioned at the boundary of
the block, only the peripheral pixels PO, P1, P3, P4, PS5, P8, and
P9 are used as reference pixels, and when the coding target pixel
Px is not posi-tioned. at "th_e boundary of the block, all of the
peripheral pixels PO, P1, P2_, P3, P4, PS5, P6, P7, P8, and P9 are
used as reference pixels. When the coding target 'p'ixel Px is

coded, the code word is switched between code word constructed by



APPLI CABI LI TY I N I NDUSTRY As descri bed above, the inmage codi ng appar at uses/
i mage codi ng nmethods, image decodi ng apparatuses, image decodi g @Y 6
.and data recording nedia according to the presen.t invention can inpro ve
coding efficiency in a 28/08./2006 -84 conpression process for inmge
'signals, and are very valuable for red&3i-zing an i mage codi ng process and
an i mage decoding process in a systemperform ng transm ssion aor storage
of image signals and, especially, are s.uitable for conpression and
deconpressi on processes of noving pictures based on standards.such as :
MPEG4. 28/08/ 2006 85 CLAIMS: 1. An image decodi ng apparatus for decoding,
bl ock byripckhe epelriphlenckl havkagsabPdquals, fB3m BAJ EEPrES) ngndl P N

pi xel s, a coded image signal obtained by performng, for each block

conpri siaig acpdesebirdedomumbectoll piyxalld, @f ptbheeperiiphshiah pixellsval ues
conprising an image signal are successively coded on the basis of pixe

val ues afp plpr al p2perisphers) PHxebs,pesitimhedand PBe vicinity of a coding
target pixel, including: pixel value replacing means for replacing a pixel
val ue of an prdgended wiet, agRE] eplcddRir PES | PbaEak uRiter] SsPoshhitoriad in

the wvicinity of a decoding target pi xel , said peripheral pixels including
at has plural code words corresponding to positions of the
coding target pixel Px in the block, and the code word is
changed acéording to the position of the coding target
pixel Px.

Even in such a construction, it can be easily known
from the embodiments of the present invention that the same
effects as provided by the image coding apparatuses are
obtained.

Further, the decoder is also cons;ructed so that it
has plural code words corresponding to positions of the
decoding target pixel Px' in the block shown in figure 17,
and the code word is changed according to the position of
the decoding target pixel Px', whereby the same effects as

provided by the image decoding apparatuses of the.

aforementioned embodiments are obtained.

APPLICABILITY IN INDUSTRY

As described above, the imagé coding apparatuses,
image coding methods, image decoding apparatuses, image
decoding methods; and data recording media according to the

present invention can improve coding efficiency in a



| east three lines of pixels and the target pixel is in the third line, with
a pseudo pixel value obtained froma pixel value of a decoded @ge)g8aAPVW@6
.the plural peripheral pixels; wherein the pixel value replacing nmeans

enpl oys, as the pseudo pixel value of the undecoded. pixel, a pixel value
of a decoded pixel which is positioned-at-the shortest distance fromthe
undecoded pi xel and on the sane horizontal scanning |ine anong said three
| i nes of pixels; decoding neans for (a) receiving the coded inage.signal
conprising plural pixel values corresponding to each bl ock, (b)

perform ng, block by block, a decoding process in which the respective

pi xel valegpreseildie praekswalivas nhage begahlene sderaded pexel positioned -
in each of a previously decoded bl ock, the decoding target block, and a

28/ 08/ 20061 8B 1RSI0 Pb X ek z¥alguePf imAgendeeaaded ptioed s s aaddwaer diragdie
respective pixel values are decoded on the basis of: (i)-the pixel value
of a decogeddphyelpRasésbonada sy PERVpOUSbY midecadeth dhoskibar drhe
peri pheral pixel” positioned in the previously decoded bl ock; (H) the pixel

val ue ofs@a,dggeded PigeePesighianedhd, t B§pdesadilng 49 98hibhedlk fryrthe
peri pheral piXels positioned’in the decoding targét block; and (iii) a

pseudo pixel¥8k4ePTa R HBEBRIARS 91 3€! S)Eeeeg@,%s wimmg Bix@lures

positione n an undecoded bl ock; and (c) outputting a decoded inmage signal

correspgiling ba @ahadlasksu@dd as MPEGA.




I nverse bl ocki ng means for conbi ni ng decoded i nage signals corresponding
to the respective blocks. 2. An image decoding apparatus accordiyw/b8/dFoa
.1, wherein said at least three lines of pixels the first |line has at |east
three pixels, the second line has at |east five pixels, and the, third
line has at |least two pixels. 3. An inad%sdecoding apparatus as defined in
claim1l or claim?2, wherein the decoding neans sel ects code words for -
decodi ng thecﬂh?#s, val ue of the decoding target pixel, on the basis of the
pi xel value 0 e = decoded pi xel and the pseudo pixel value of the
undecoded pixel. 4. An i mage decodi ng apparatus as_defined in claim11 or
claim2, wherei &FH@%&%G&CH&W&M%@MW@ slesedingi black bydleck, each
corresponding to 28/ 08/ 2006 97 codes for arithnetically decoding the pixel
val ue of théldekduaviggtamsgetareform andrcdrhprisisg N &f N tpirelsi, vetoded imege t he
decoded pi xel and the pseudo pixel value of the undecoded pixel, and
performnms an ' ' ' e t e yg%~ r ' n

t he basis of h?@?%%ﬁﬁ% g%gg@ﬁﬁg’y@agﬁgb l?.%anel gel{égd? %regkp%iyea us
for successi odi bl ock Bl oc each .bl gck includi ng a prescribed
' nunber of ;ll)l:{'{éjn}éleg,oq-lpﬁ %gfs’vélﬁfgggs%b’ﬂs‘?'ﬁ% PHQela‘fFCjPﬁﬁdE’IEPﬁlﬁ ga{P {Me8Sasi s
of pixel valyes of plural peripheral pixels positioned in the vicinity or

a codi ng t afighalyare| suceessivrly ngoded ceni the \kasiesoff pixel veluesm afnpharal
signal conprising plural pixel values into blocks, each block having a
squar e f or nperipheraprpixielsy positioned in the vicinity of a coding target pixel,

including;:

pixel value replacing means for replacing a pixel value of an
undecoded pixel among plural periphcral pixels positioned in the
vicinity of a decoding target pixel, said peripheral pixels including at
least three lines of pixels and the target pixel is in the third line, with a
pseudo pixel value obtained from a pixel value of a decoded pixel among
the plural peripheral pixels; wherein the pixel value replacing means
employs, as the pseudo pixel value of the undecoded pixel, a pixel value
of a decoded pixel which is positioned at the shortest distance from the
undecoded pixel and on the same horizontal scanning line among Said
three lines of pixels;

decoding means for (a) receiving the coded image signal
comprising plural pixel values corresponding to each block, (b)
performing, block by block, a decoding process in which the respective
pixel values use the pixel values of at least one decoded pixel positioned

in each of a previously decoded block, the decoding target block, and a



N pi xel s; pixel value replacing means for replacing a pixel value of an
uncoded pi xel anong plural peripheral pixels positioned in the \egroglYo®s
.a coding target pixel, said peripheral pixels including at |east three

|l ines of pixels and the target pixel is BS the third line, with a pseudo

pi xel val ue obtained froma pixel val ue 6, coded pi xel anong the plura
peri pheral pixels; wherein the pixel value replacing neans enploys, as the

pseudo pi xel ' a, pi.xel value, of .a goded i xel
which is post %%&ngoﬁ%fe it eﬁgﬁég(rj%gsﬁhé%?%%%é’lf‘Ftn?‘PﬂewhﬁE"dBe € ﬁpﬁﬁgcéﬂﬁ on
t he same horizoptal scanning line anong said three Ilines of pixels;

28/ 08/ 2006 RI¥8! Nglursare dscodad oncthe basis ofie i nage si gnal conpri sing

pl ural pixel values corresponding to each block, (b) perform ng, block by
bl ock, a coding (f@ir ocete pirelhialtietdfea despdedi pigep pseitiorRddifts aupeedibespy x el
val ues of at |east one coded pixel positioned in each of a previously

coded bl ock,dddadedodlogkt f19eheb heafl Pixet xal sva
uncoded pi xel, and wherein theer Eggigctei%ve pI xefﬁgglt:@?gaarlfé %eg;%ﬁayﬁéy

basis of. i i val ue of a coded pixel positioned in a previously
coded blockkkkpafﬁéﬁggkfpheral pi xel positioned in a previously coded

bl ock; ii) the pixel value of a coded pixe|l positioned in the coding

target block for (he ﬁEFi H’J‘I’FSI ¥alug ?gﬁs&iﬁ%ﬁdoﬁﬁ@ﬁ Rositiered dn dheydecoding

block; and iii) a pseudo pixel value of an uncoded pixel for the peripheral
target block for the peripheral pixels positioned in the decoding target

block; and

(iif a pseudo pixel value of an undecoded pixel for the
peripheral pixels positioned in an undecoded block;
and (c) outputting a decoded image signal corresponding to each

block; and

inverse blocking means for combining decoded image signals
corresponding to the respective blocks,
2. An image decoding apparatus according to claim 1, wherein said
at least three lines of pixels the first line has at least three pixels, the
second line has at least five pixels, and the, third lin.e has at léast two
pixels.
3. An image decoding apparatus as defined in claim 1 or claim 2,
wherein the decoding means selects code words for decoding the pixel
value of the decoding target pixel, on the basis of the pixel value of the
decoded pixel and the pseudo pixel value of the undecoded pixel.
4, An image decoding apparatﬁs as defined in claim 1 or claim 2,

wherein the decoding means selects a probability table corresponding to



pi xel s positioned in an uncoded bl ock and O outputting a coded inage
signal corresponding to each block. 6. An image codi ng apparatus)@aegg/di @6
.to claim5, wherein in said at least three |ines of pixels the first Ii1ne
has at | east three pixels, the second Iig; has at |east five pixels, and
the third line has at least two pixels. ¢ An inmage codi ng apparatus for
successively coding, block by block, each block including a prescribed

b oo : : : A : he. basi
e o oot for aliagy ORpakig thO%ian LARACOP AR e Rl EEL
an i mmge. si ROELCSPE I o7 ShePikFhurtue ol thedreaded poesloand aba paesido
having a square,  form and conprising N x N pixels; pixel value replacing

g
means for rdpKebvalaoptheundecodeds pivel, and geeformsen arithmeticidetoding

peripheral pixels positioned in the vicinity of a coding target pixel,
sai d peri phgraceps xfors theckecodihgttarpsstpikb] &6h tHasafE B @ &6

target pixel is inthe third line, with a pseudo pixel value obtalne rom

a pixel val lgﬁogabﬂit?p&qﬂepi xel among the plural “peripheral pixels; wherein

t he pi xel value replacing neans enploys, as the pseudo pixel value of the
which is positioned at the

uncoded pi xgl, a i xel val ue,.of a code pig)é_el
shortest di 8tancéH ' SHr8HCHPE18PPATALYS Lok SHRCeFRIVelyEording, dlesk by

scanni ng Iigf mong sai d three |ines of pixels; .
ock, each block including a prescribed number of pixels, pixel values

constituting an image signal on the basis of pixel values of plural
peripheral pixels positioned in the wcmlty or a coding target pixel,
including: |

blocking values for block an image signal comprising plural pixel
values into blocks, each block having a square form and comprising N x
N pixels;

pixel value replacing means for replacing a pixel value of an
uncoded pixel among plural peripheral pixels positioned in the vicinity
of a coding target pixel, said peripheral pixels including at least three
lines of pixels and the target pixel is fn the third line, with a pseudo
pixel value obtained from a pixel value of a coded pixel among the plural
peripheral pixels; wherein the pixel value replacing means employs, as
the pseudo pixel value of the uncoded pixel, a pixel value of a coded
pixel which is positioned at the shortest distance from the uncoded
pixel and on the same horizontal scanﬁing line among said three lines

of pixels;



coding nmeans for (a) receiving the i nage signal conprising plural pixe
val ues correspondi ng to each block, (b) perform ng, block by m‘?@VOB?ZOOG
.codi ng process in which the respective pixel values use the pixe val ues
of at |east one coded pixel positioned in_each of a previously coded

bl ock, the coding target block, and a pseﬁﬁo pi xel value of an wuncoded

pi xel , and wherein the respective pixel values are coded on the basis of.

L A R, ) i e

previ ously

previ ously codeg giock' ii% thﬁgQiX6| vgtue of a coded pixel positioned in
the coding HEPHERIYFSLRUTESPORFing &0 iearby Block, fa) Rerformingnblocknby thlock,
coding target block; and iii) a pseudo pixel value of an uncoded pixel fort
he peripherd@ cogiing| progsssi imowbdch nthen respeciive [pirek, vadnegs (Gge otten YhikeNg a
coded i mage signal corresponding to each bl ock; wherein the coding neans

sel ects a pwvabaés loft it lahb€ orkOchbaeEOPBtel IndsitivALES il 35&(.‘}{ \df h%?}%hgly
and perfor an

codi ng the pixel value of the coding target pixel

ith [ ' f.ar. ' i xel .fhe basi f th
Sel ected pr SoaeAIbRIcR St bBRidQTarbEl Ll SHHE o PhES AR DieE vBRAE “90am oy m
| i ne has at

7, wherein |n sgigl at .least three lines of pixels the first
| east threel"ﬁi eded pixgl, and whargip the,respactivepixel values are sodgdon ithe

third Iine has, at_|east two pixels.
asis of:

i) the pixel value of a coded pixel positioned in a previously
coded block for the peripheral pixel positioned in a
previously coded block;

ii) the pixel value of a coded pixel positioned in the coding
target block for the peripheral pixels positioned in the
coding target block; and

i)  a pseudo pixel value of an uncoded pixel for the peripheral
pixels positioned in an uncoded. block, and © outputting a
coded image signal corresponding to each block.

.6. | An image coding apparatus according to claim 5, wherein in said
at least three lines of pixels the first line has at least three pixels, the
second line has at least five pixels, and the third line has at least two
pixels.

7. An image coding apparatus for successively coding, block by
block, each block including a prescribed number of pixels, pixel values

constituting an image signal on the basis of pixel values of plural



9. An image decodi ng apparatus for decoding, block by block, each block

havi ng a square formand including N x N pixels, a coded i mage ; I
.obtai ned by perform ng, for each block conprising a prescribed ;ﬁﬁﬁgg/%306
pi xel s, a process in which pixel values conprising an inmage signal are
successi vely coded on the basis of pixel &3 ues of plural peripheral.

pi xel s positioned in the vicinity of a coding target pixel, including:

28/ 08/ 2006 Tl ' . £_.replaci a pi xel val ye of
an undecode‘gehpﬁgl;é a#ginégtgpf) ﬁé’i'é.ﬁ) q’lﬁie&? i‘%ﬁ@% J;'%P}?b' sogﬁsicgﬂbﬂgdérgeilhgmelx
vicinity of .a ﬁg@pd[ng target pixel, said peripheral pixels including at

| east three pi xel s and the target pixels is in the third |ine,
with a pseudo pixel value obtained froma pixel value of a decoded pi xel
among the pl ur alblpekinghmesinpioreblicknanrithages sigmilxedmyp@isitg PHarar pigel
means enpl oys, as the pseudo pixel value of the undecoded pixel, a pixel
val ue of avdheesltopbleksyVeneh t i ihans i:sf.8 from
the wundecoded pi xel and on the tglgﬁgqﬁ%‘tllh E?gﬁ%%gw%#?ﬁégﬁ%"l gﬁf{d

| i nes of pi;pbﬁﬁﬂgecoding means for (a) receiving the coded i nage signa
conprising plural 'pixel values corresponding to each bl ock, (b)

perform ng, bl OCkiﬁbéf 1tl)!%lock, a, decodi ng process in which the respective
pi xel val ues usePBfEl Walus rsplagcinge means,lor ckanlaging @ qinell veilnel of an

positioned in each of a previously decoded bl ock, the decoding target
bl ock, and BngededPigck amang ydusal periphirabgéxklpipeditioned itheheiviciriey
respective pixel values are decoded on the basis of

of a coding target pixel, said peripheral pixels including at least three

lines of pixels and the target pixel is in the third line, with a pseudo
Ipixcl value obtained from a pixel value of a coded pixel among the plural
peripheral pixels; wherein the pixel value replacing means employs, as
the pseudo pixel value of the uncoded pixel, a pixel value of a coded
pixel which is positioned at the shortest distance from the uncoded
pixel and on the same horizontal scanning line among said three lines
of pixels;

coding means for (a) receiving the ?mage signal comprising plural
pixel values corresponding to each block, (b) performing, block.by block,
a coding process in which the respective pixel values use the - pixel
values of at least one coded pixel positioned in each of a previously
coded block, the coding target block, and a pseudo pixel value of an
uncoded pigel, and wherein the respectivé pixel values are coded on the

basis of:



positioned in a previously decoded

1) the pixel value of a decoded pi xel
' ' positioned in a previously decodegl/8B9cG06

bl ock for the peripheral pixel
i) the pixel value of a decoded pixel positioned in the decoding target
bl ock for the peripheral pixels positioned in the decoding target bl ock;

and 28/08/ 2006 92 iii) a pseudo pixel va?@e of an undecoded pi xel - for

the peripheral pixels positioned in an undecoded bl ock, and (c) outputting
i.n the_decodj ng

a decoded image sj gnaLﬂfé)Pf,g‘ap‘Q%@enggor rcgggg 8%8 t\é\’her %p prevmusiy

means selects a p oba
target pixel and

arithnetically decodin alug of the decodin
‘g’cifgﬁoﬁh?g‘ p%%' f Beripheraldqisel ngostianad pixela on

perfornms an arith neti
the basis of the selected probability table; and inverse bl ocking neans

for conbi ni ng decoded presipmsly qroslesl bhmk'espondl ng to the respective

bl ocks.
ii) the pixel value of a coded pixel positioned in the coding

target block for the peripheral pixels positioned in the
coding target block; and
iii) a pseudo pixel value 6f an uncoded pixel fort he peripheral
pixels positioned in an uncoded block, and (c) outputting a
coded image signal corresponding to each block;
wherein the coding means selects a probability table
corresponding to codes for arithmetically coding the pixel value of the
coding target pixel and performs an arithmetic coding process for the
coding target pixel on the basis of the selected probability table.
8. An image coding apparatus according to claim 7, wherein in said
at least three lines of pixels the first line has at least three pixels, the
secqnd line has at least five pixels, and the third line ha.s at least two
pixels.
9. An image decoding apparatus for decoding, block by block, each
block having a square form and including N x N pixels, a coded image
signal obtained by performing, for each block comprising a prescribed
number of pixels, a process in which pixel values comprising an ixﬁage
signal are successively coded on the basis of pixel values of plural
peripheral pixels positioned in the vicinity of a coding target pixel,

including:
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pixel value replacing means for replacing a pixel value of an
undecoded pixel among plural peripheral pixels positioned in the
vicinity of a decoding target pixel, said peripheral pixels including at
least three lines of pixels and the target pixels is in the third line, with a
pseudo pixel value obtained from a pixel value of a decoded pixél among
the plural peripheral pixels; wherein the pixel value replacing means
employs, as the pseudo pixel value of the undecoded pixel, a pixel value
of a decoded pixel which is positioned at the shortest distance from the
undecoded pixel and on the same horizontal scanning line among said
lines of pixels;

decoding means for (a) receiving the coded image signal

comprising plural pixel values corresponding to each block, (b)
performing, block by block, a decoding process in which the respective
pixel values use of the pixel values of at least one decoded pixel
positioned inleach of a previously decoded block, the decoding target
block, and a pseudo pixel value of an undccdded pixel, and wherein the
respective pixel values are decoded on the basis of:

i) the pixel value of a decoded pixel positioned in a previously
decoded block for the peripheral pixel positioned in a
previously de_coded block;

ii) the pixel value of a decoded pixel positioned in the decoding
target block for the peripheral pixels positioned in the

decoding target block; and
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ilif a pseudo pixel value of an undecoded pixel- for the
peripheral pixels positioneci in an undecoded block,

and (c) outputting a decoded image signal corresponding to each
block;

wherein the decoding means éelects a probability table
corresponding to codes for arithmetically decoding the pixel value of the
decoding target pixel and performs an arithinetic decoding process for
the decoding target pixel on the basis of the selected probability table;
and

inverse blocking means for combining decoded image signals

corresponding to the respective blocks.



