DESCRfPTICN AN | MAGE CODI NG APPARATUS AND AN | MAGE DECODI NG APPARATUS

Teehnical Field 5 The present invention relates to an i mage codi ng
apparatus and an i mage decodi ng apparatus for coding and decodi ng
digital images, and also relates to recdrding medi a i n which i mage
codi ng/ decodi ng prograns are st or ed.

DESCRIPTION

AN IMAGE CODING APPARATUS AND AN IMAGE DECODING APPARATUS

Technical Field
5 The present invention relates to an image coding
apparatus and an image decoding apparatus for coding and
decoding digital images, and also relates to recording
media in which image coding/decoding programs are
stored.
10
Background Art
One of known conventional image coding systems
requiring reversibility is the MMR (Modified Modified
Read) system which is used in facsimile applications.
15 However, since the MMR system is a system in .which
processing is performed for the entire one £frame input,
it is difficult to maintain consistency with another
coding system adopted in ITU-T H.261 and ISO/IEC MPEG,
etc. in which one frame is divided into a plurality of
20 blocks and processing is performed in block units. Thus,
the MMMR (Modified MMR) that is an improved version of
the MMR system is adopted as an verification model of
MPEG4 (ISO/IECJTC/SC29/WG1l1l N1277, July 1996).
An image coding system which divides a one-frame
25 image into two-dimensional blocks consisting of a
plurality of pixels and codes the image for each block,

performs coding by dividing data into two parts: one is
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R At AP U P S ST
verificati ?n%v@tggllntois corrected for each block, presence or absence
of a quadrature conversion coefficient and whether or
not a block has significance in the case that the input
5 4image is a form image which indicates the form and
synthesis ratio of the object, etc., and the method for
coding pixel values within the block, and the other is
coding data of the pixel values within the block.
However, the coding method that performs coding by
10 dividing the above image block into the coding mode data
that indicates the coding mode of said block and the data
concerning the pixel values within said block has the
problem that the percentage of the block mode data in
the created coded signal relatively increases,
15 deteriorating its coding efficiency in the case that
blocks without movement information, gquadrature
conversion coefficient or significant form, etc.

increases within one frame.

20 Disclosure of Invention
The objective of the present invention is to provide
an image coding apparatus and image decoding apparatus
that will prevent the coding efficiency from drastically
deteriorating even for those images that contain
25 numerous blocks without movement information,
quadrature conversion coefficient or significant form,

etc. within one frame.
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The image coding apparatus of the first invention
is an image coding apparatus that, when coding the mode
data, predicts the coding mode of a block to be coded
from the mode data of already coded peripheral blocks
and switches a code word table that specifies code words
according to the hitting ratio of prediction.

The image decoding apparatus of the second
invention is an image decoding apparatus that, when
decoding the mode data, predicts the coding mode of a
block to be decoded from the mode data of already decoded
peripheral blocks and switches a code word table that
specifies code words according to the hitting ratio of
prediction.

The first and second inventions can improve the
coding.efficiency by shortening the code word length of
a coding mode with high hitting ratio.

The image ccding apparatus of a third invention is
an image coding apparatus that collectively codes the
coding mode data corresponding'to a plurality of blocks
for a digital image which has been divided into those
blocks. |

The image decoding apparatus of the fourth
invention is an image decoding apparatus that
collectively decodes code words regarding the mode data
corresponding fo a plurality of blocks.

The third and fourth inventions can easily perform

coding/decoding using a correlation between blocks of

An i mage codi ng
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data, predicts the coding mode of a block to be coded

5 from the mode data of already coded peripheral blocks
and switches a probability model that specifies
appearance probability according to the hitting ratio
of prediction.

The image decoding apparatus of the sixth invention

10 is an image decoding apparatus that, when performing
arithmetic decoding of mode data,.predicts the coding
mode of a block to be decoded from the mode data of already
decoded peripheral blocks and switches a probability
model that specifies appearance probability according

15 to the hitting ratio of prediction.

The fifth and sixth inventions can perform
arithmetic coding/decoding by predicting a coding mode
and adaptively switching to a probability model for which
a coding mode with high appearance probability is set,

20 thus improving coding efficiency.

The recording medium of the seventh invention is
a computer recording medium that stores the program data
that implements at least one of the image coding
apparatus/image decoding systems that relate to the

25 first to sixth inventions.

Brief Description of Drawings
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FIG.1l is a block diagram of the image coding system

that rélates to the first embodiment of the present
invention;

FIG.2 is a functional block diagram of the mode data

b coding section provided in the image coding system in
the first embodiment;

FIG.3 is a configuration diagram of the code word
table prediction table contained in the mode data coding
section;

10 FIG.4 is a diagram showing how a frame image is
divided into sections;

FIG.5 is a diagram showing the coding modes of a
block to be coded and peripheral blocks;

FIG.6 is a diagram showing the pixel value status

15 of each block in one frame;

FIG.7A is a diagram showing code words when the
blocks shown in FIG.6 are image-~coded according to the
present invention:

FIG.7B is a diagram showing code words when the

20 blocks shown in FIG.6 are image-coded according to a
general coding system;

FIG.8 is a block diagram of the image decoding
system of the second embodiment of the present invention;

FIG.9 is a functional block diagram of the mode data

25 decoding section provided in the image decoding system
in the second embodiment;

FIG.10 is a block diagram of the image coding system
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divided into a pIuraIitg of two-di nensi onal bl ocks, each bl ock having a
table provided for the image coding system in the third

embodiment;

5 FIG.1l2 is a diagram showing an example of the pixel
value status of each block with respect to an image to
be coded;

FIG.13A is a diagram showing code words when the
block in FIG.12 is image-coded according to the present

10 invention:

FIG.13B is a diagram showing code words when the
block in FIG.1l2 is image-coded according to a general
coding system;

FIG.14 is block diagramof the image decoding system

15 that relates to the fourth embodiment of the present
invention;

FIG.15 is a conceptual diagram of the arithmetic
coding method;

FIG.16 is a configuration diagram of the appearance

20 probability table used in the fifth embodiment of the
present invention;

FIG.17 is a schematic view of the recording medium
that stores the image coding/decoding program that
relates to the sixth embodiment of the present invention,

25 .and
FIG.18 is a schematic diagram of the network that

distributes the image coding/decoding program of the
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5 embodiments of the present invention are explained in
detail below:
(First embodiment)
FIG.1 shows a block diagram of the image'coding
system that constitutes the first embodiment of the
10 present invention. The image coding system shown in said
figure comprises coding mode judgment section 1 that
outputs the coding mode data which indicates the coding
mode of a pixel block to be coded, mode data coding section
2 that generates mode data code words using a eode word
15 table which will be described later, block data coding
section 3 that generates a code word for the pixel value
within the pixel block, and multiplexing section 4 that
generates a coded image signal by multiplexing the code
word regarding the mode data and the code word regarding
20 the pixel value data. Here, code 11 indicates a pixel
value signal of a block of a digital input image divided
by the block divisiop block which is not shown in the
figure; code 12 indicates the coding mode data of the
pixel block:; code 13 indicates the code word regarding
25 the mode data; code 14 indicates the code word regarding
the block data; code 15 indicates a coded image signal

of the digital input image divided into blocks.
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codi ng block to be coded, code word table prediction table 23

consisting of a plurality of code word tables, code word

table selection section 24 that selects the optimal code

word table, and coding section 25 that codes mode data
10 Dbased on the code word table.

FIG.3 shows an actual example of code word table
prediction table 23. It is designéd that the coding
efficiency may be improved by adjusting a cﬁmbination
of the mode data of the already coded peripheral blocks

15 and a plurality of code wdfd tables which contain
different coding patterns.

The operation of the image coding system configured
above is explained below:

Firstly, the digital input image, as shown in FIG. 4,

20 constitutes form information that indicates the form or
the ratio of synthesis of a normal coloxr signal or object
wherein one frame is configured from horizontal M pixels
and vertical N lines. The one-frame digital input image
is divided into a plurality of pixel blocks made up of

25 horizontal m pixels and vertical n lines by the block
division block which is not shown in the figure. Pixel

value signal 11 of the resulting pixel blocks is input
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pl-urality of twoTds cks, each bl ock having a plurality of
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previ ously 35 coded bl ocks at the periphery of the target block; and a
bl ock dat atoodiodg mgamode fbhdgmeodesseckdlonddt arsi hheck data coding
5 5 target block according to the node information of the target bl ock.
The i nvent seetdle® Provi des an i mage codi ng
Coding mode judgment section 1 determines the
coding mode of that pixel block from the pixel value data
5 of the pixel block at position (i, j) (hereafter described
as POS (i,3j)). In the case of a normal color signal, the
presence or absence of movement correction and the
presence or absence of quadrature conversion coefficient
are determined, and in the case of a form signal, the
10 presence or absence of a significant form is determined.
In the case of a binary iﬁage signal, there can be three
statuses: (A) all pixels in the block are black pixels;
(B)all pixels are white pixels; (C) black pixels and
white pixels are mixed. Therefore, there are three coding
15 modes A, B, and C corresponding to three statuses,
respectively. The coding mode of the pixel block at POS
(i,j) is described hereafter as MODE (i, j). Coding mode
judgment section 1 ocoutputs determined MODE (i, j) to mode
data coding section 2 and block data coding section 3.
20 Mode data coding section 2 selects the code word
table corresponding to MODE (i,j) from the code word
table prediction table shown in FIG.3 to generate a code
word regarding the mode data.
The method of coding the mode data is explained in
25 detail below:
In mode data coding section 2, supposing that the

coding mode of the pixel block now to be coded is MODE
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That is, when there are three coding modes A, B,
and C, in the case that MODE (i-1,3j), MODE (i-1,j-1),
and MODE (i, j-1) are all A, there is a high probability
that MODE (4i,j) will also be A

10 In typical conventional mode data coding, a
specific code word is provided for each of coding modes
A, B and C and a code word is assigned accordiqg to the
coding mode determined. That is, only one set of the code

"word of coding mode A, code word of coding mode B and

15 code word of coding mode C is prepared beforehand (code
word table) and the code word for the correspohding
coding mode is extracted ané ocutput. In addition to that,
the length of each code word is fixed at the same length
(number of bits).

20 As shown in FIG.3, in the present invention, a
plurality of code word tables are provided in the code
word table prediction table and some specific code word
tables include code words of a short code word length.
In the case that the coding mode of blocks peripheral

25 to the block to be coded is inclined toward a specific
mode, there is a high probability of the block to be coded

being the same as the specific mode, and thus the code
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To be concrete, in the case that the coding mode

of the peripheral blocks is inclined toward A, the code
5 word of coding mode A is set to "0" (code word length
= 1 bit): the code word of coding mode B is set to "10"
(code word length = 2 bits); and the code word of coding
mode C is set to "11" (code word length = 2 bits). In
the case that numercus B's are included in the coding
10 mode of the peripheral blocks or in the case that numerous
C’'s are included in the coding mode of the peripheral
blocks, the code word length of the respective dominant
coding modes is set shorter.
Mode data coding section 2 stores the mode data sent
15 from coding mode judgment section 1 in mode data storage
section 21 to make it easy to acgquire the coding mode
information of the blocks peripheral to the block to be
coded. The mode data of the pixel block is stored in the
position corresponding tb said block within one frame.
20 When block position POS (i,j) of the block to be
coded is input, mode data read section 22 reads coding
modes MODE (i-1,3j), MODE (i-1, j-1), and MODE (i,3j-1)
at block positions POS (i-1,j-1), POS (i,j-1), POS
(i-1,]j) from mode data storage section 21 and gives them
25 to code word table selection section 24.
Code word table selection section 24 selects the

code word table set in association with a combination
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codi ng pi xel dat’a the't
selected. The example above is the case where coding mode

A of the peripheral blocks is dominant. In the case that
coding mode B of the peripheral blocks is dominant, the

10 code word table of (A=10, B=0, C=11) is selected, and
in the case that coding mode C of the peripheral blocks
is dominant, the code word table of (A=10, B=11l, C=0)
is selected. The code word table'selected according to
the mode statuses of peripheral blocks is give'n to coding

15 section 25.

Thus, the present invention allows the code word
table used for coding of mode data to be switched
adaptively according to the coding mode statuses of
peripheral blocks.

20 Coding section 25 codes the mode data of the block
to be coded based on the selected code word table. Now,
in the case that the coding mode input from coding mode
judgment section 1 is A and the code word table input
from code word table selection section 24 is (A=0, B=10,

25 C=11), code word = 0 is output.

Therefore, in the case that blocks peripheral to

the block to be coded includes a dominant mode and the
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Suppose that the coding mode status of each pixel

block of a frame image is as shown in FIG.6. If the code

5 word table can be changed adaptively according to the
coding mode statuses of peripheral blocks as in the case

of the present invention, the code word length of the

hatched block in FIG.7A becomes shorter, and thus the

coding efficiency can be improved. On the other hand,

10 in the case that a frame image as shown in FIG.6 is coded
using the code word table with only one set of (A=0, B=10,
C=11) fixed, the coding result will be as shown in FIG.7B.
It is observable that the coding efficiency is reduced
compared to the code word shown in FIG.7A.

15 If A or B is input as the coding mode regarding the
pixel block at POS (i,j) from coding mode judgment
section 1, block data coding section 3 stops coding of
the pixel value of the block to be coded. This is because
in the case of coding modes A and B, all pixels in the

20 block are black or white and therefore decoding of the
pixel block is possible with only the mode data. In the
case of coding mode C, the pixel value of the block to
be coded is coded and the code word regarding the block
data is output.

25 Multiplexing section 4 multiplexes the code word
regarding the mode data with the code word regarding the

block data to output a coded image signal.
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node i nformation re
blocks, thus allowing the code word tables to be switched

adaptively according to the coding mode statuses of
peripheral blocks.
On the other hand, instead of handing over the
10 content of the code word table selected by code word table
selection section 24 to coding section 25, it is also
possible to notify only the number of the selected code
word table to coding section 25 so that coding section
25 may incorporate the content of the code word table:
15 specified with a number from code word table prediction

table 23.

(Embodiment 2)
FIG.8 is a block diagram of the image decoding
20 system that relates to the second embodiment of the
present invention. In said figure, the same signals as
those in the first embodiment shown in FIG.1l are assigned
the same numbers and their explanations are omitted here.
This image decoding system comprises de-
25 multiplexing section 81 that separates the code word
regarding the mode data and the code word regarding the

block data from the coded image signal, mode data
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node i nformation of preV|ousI¥
data, and block data decoding section 83 that reproduces

the pixel value within the pixel block in the mode
5 indicated by the reproduced mode data.

FI1IG.9 is a functional block diagram of mode data
decoding section 82. Mode data decoding section 82.
comprises decoding section 91 that decodes the code word
of the mode data, mode data storage section 92 that stores

10 the mode data of the decoded pixel block, mode data read
section 93 that reads the stored mode data, code word
table prediction table 94 that combines the mode statuses
of peripherai blocks viewed from the block to be decoded
and code word tables, and code word table selection

15 section 95 that selects a code word table.

If the code word of the mode data coded by mode data
coding section 2 in the first embodiment is decoded by
the image decoding system in the present embodiment, it
is necessary to use code word table prediction table 94

20 with the same content as that shown in FIG.3.

The operation of the image decoding system in the
second embodiment configured as shown above is now
explained below.

Firstly, de-multiplexing section 81 separates

25 coded image signal 15 into code word 13 regarding the
mode data and code word 14 regarding the block data. Code

word 13 regarding the mode data is input to mode data



coded bl ocks at the periphery of the target block 20 including tenporary
node i nformati I nformati on of the blocks at the

peri phery of tﬁﬂsgétr eerm{g;ﬁcfg(i[)ck when jighe bl 1 ri phery are out
of an irrageﬂmﬁlij mm d table having c dlé%&l’sd@g%ﬁcodemrd
bei ng det erm ne o onbi nati on of the 25 !ﬂpd@mﬁﬁgogwﬁ'ion of the
target bl ock and the node i nformati on of e-previeusiy-—codéed bl ocks at
t he peri phery of the target block, or a conbination of the node

i nf or mat | oﬂ.e@m{rwtaeg&i% o8R . amhikepepadey WwoBE 14 negarfdfidbrthe
replacing the node information of the blocks 30 at the peri%her of the

target bl oBROHeflata BFodRPut to bipek dabrefecoding: sertdPR Bde; and
codi ng pi xel data in the target bl ock accordi to the d

information of UPOPHECEEJEtP@IGRde worg 13 regaﬁﬁ?ﬂv%?!"lég%]%fot% ovi des
an image ogdidaara QRRYANG 058188753 28500 Yodu ShHSEL d LG

5 12 of the corresponding block from code word table

prediction table 94.

With reference now to FIG.9, the operation of mode
data decoding section 82 is explained. After decoding
section 91 decodes the code word of mode data, the decoded

10 mode data is written to the corresponding pixel block
position of mode data storage section 92.

In mode data read section 93, position information
within one frame of the block tolbe decoded is input.
Mode data read section 93 reads the mode data of the

15 decoded blocks peripheral to the block to be decoded from
mode data storage section 92 based on the position
information of the block to be decoded and inputs it to
code word table selection section 95.

Code word table selection section 95 extracts the

20 same code word table as the code word table at the time
of coding from code word table prediction table 94 based
on the mode data statuses of the blocks peripheral to
the block to be decoded. The code word table extracted
from code word table prediction table 94 is handed over

25 to decoding section 91.

Decoding section 91 decodes the code word regarding

the mode data of the block to be decoded using the code



9° 5 "divided into tio-dimensi onal bl ocks, eac

plurality of pixels, said apparatus conprisinglarHBasEET H\‘J_ \tion
det er mi ni ng secThipSheet HasB nes a coding mod@=Fe"2) targdt bl ock to
out put node i nfor ‘E target bl o&k=ZaTode i nformati on codi ng
section that 10 rd of the node information of the target

bl ock, the codeword bei ng determ ned based on a conbi nati on of the node
i nformati on of the target bl ock and the node information of previously
coded bl ock®ml tabliehdhgredefihemewffiba tordet wbirdeckt abvl ea sedndebhbnon of
15 the node -information of the target bl ock and tenporary node

I nformat i osedadplani 9% .t he node i nfornmation of the bl ocks at.the

peri phery of the target bl ock when the bl ocks at the periphery are out

of an inmage; andF@mexample.@upposding et ithe thkeckotiesbpidesodada in
the target 20 bl ock accordi ng_to the node information of the target
bl ock. by mode data decoding section 82 is a block at POS (i,]),
5 MODE (i-1,j), MODE (i-1,j-1), and MODE (i,j—l) shown in
FIG.5 have already been reproduced, and it is possible
to correctly reproduce the coding mode of the block MODE
(i,j) from the code word regarding the mode data coded
in the first embodiment by switching the code word table

10 from the statuses of modes MODE (i-1,3j), MODE (i-1,3j-1),
and MODE (i,j-1) according to FIG.3.

The decoded mode data is stored in mode data storage
section 92 and at the same time input to block data
decoding section 83.

15 Block data decoding section 83 receives code word
14 regarding the block data and reproduces digital pixel
value signal 31 within the block and outputs it by
performing'decoding processing corresponding to the
coding mode shown in coding mode data 12.

20 In the first and second embodiments above, the mode
data of three peripheral blocks was used to predict the
mode data of the block to be coded, but it is also possible
to increase the number of reference blocks.

The embodiment above describes the case where there

25 are 3 kinds (A, B, C) of mode data, but it is also possible
to apply the similar processing to more statuses.

Combining the image coding system in the first



apparatus that codes each
j >ks, each bl ock

The invention al so provides an i nage codin
bl ock of a di gitall 25 dj vided into tO=OrTEF
havi ng a pI%$51wqﬁ% * %4 said q@#m?QFhﬁﬂyﬁﬁbﬁ$§Eag node

i nf or mation detei ” H that detennines"&7¢8dkig inode for a
target block to TTTTTrargetr=btock; a node

I nformati on codi ng section that 30 fetches and outputs a codeword of the
node i nformation of the target block froma codeword table, based on a
conbi nat i onedbodimenticands dhrentiromger delso AR geSYSItk 1n thedsespnd

i nformation of previously coded_ bl ocks at the peri phery of the target

bl ock i ncl ueMREGidREaWy) IRl 1Y Qrﬁ%ﬂﬁﬁﬂﬂﬁﬁ%%dﬂﬁgrﬁﬁétPﬂf&QWQ?on of

t he bl ocks at the geriphery of the target block when the blocks at the
implemented. . -

5 (Third embodiment)

FIG.10 shows a block diagram of the image coding
system that relates to a third embodiment of the present
invention. In said figure, the same functional blocks
and same signals as those of the system shown in FIG.1

10 are assigned the same numbers and their explanations are
omitted.

The image coding system in the present embodiment
comprises coding mode judgment section 1, memory 101 that
stores coding mode data output from coding mode judgment

15 section 1 for each block and outputs one-frame data
together, mode data coding section 102 that codes
one-frame coding mode data together to create code words,
block data coding section 3, memory 103 that stores the
code word regarding the block data for each block and

20 outputs one-frame data together, and multiplexing
section 104 that multiplexes the code word regarding
one-frame mode data with the code word regarding the
block data of each pixel block within the same frame to
generate a coded image signal. Code 111 indicates

25 < one-frame coding mode data; 112, the code word regarding
one-frame mode data; 113, the code word regarding

one-frame block data; and 114, the coded image signal



16 5 periphery are out of an inmage, said codeword table having

codewor ds, eaqh;s§ EQHR%EQ determ ned based on a conbi nation _of the
mede i nformati bl ock and the nodgf 1mﬂpﬂ:r]§g§a§p
previously COdq m glmmmt the perilthery of the t{argés Sb,fﬁzﬁ%;}’)or a
conbi nati on of formati on of the target _Lgpk‘ﬁﬁﬁfLé"

mode i nformation replacing the node information of the  blocks at the
peri phery of the target bl ock when the bl ocks at the periphery are out
of an inmager ahrdipghtaak inputatisagel Nng section that codes pixel data in
the target 15 bl ock according to the node information of the target

bl ock. Théhopewabiom cf Sbhpr dnalge eochirpyt ey steatabhethe
recording mediumw th an inage codi ng program stored 20 therein, said

pr ogr am bepmrg seet ldnglo 8y me rco i £i gured abexesul £ gxptedmest bieckowodi ng
each bl ock of a digital | mage di vided into two-dinmensional blocks, each
bl ock havi ngFarsitiral iffgr digitells ingaitl imageasigodds ildi ngoding
determ ning a codi ng node for a target block to output 25 node infornmation
of the & argedepMURE Gl it ofndhe bloeldakoP®Sofl  hd) nbgedphramiredn of

the target bl ock, the . .
by coding mode judgment section 1 as in the case of the

first embodiment. The determined MODE (i,j) is stored
in memory 101. When mode data MODE (1,1), MODE (1,2),..
MODE (2,1),.. MODE (X,Y) of all the pixel blocks
10 corresponding to one frame are stored, all the mode data
is transferred to mode data coding section 102 at a time.
Mode data coding section 102 codes one-frame mode
datausingthecodewordtableshowninFTG.li.Thecoding
operation of mode data coding section 102 is explained
15 in detail below.
Mode data coding section 102 has a code word table
(shown in FIG.1l1l) to encode mode data of a plurality of
blocks colle_ctively. In this code word table, a specific
code word is assigned to each of all pairs of 3 kinds
20 of mode (A, B, C). Especially for combinations of the
same modes (A,A) (B,B), and (C,C), the code word length
is designed to be relatively shorter than other
combinations.
Now, suppose that one-frame mode data with the
25 content as shown in FIG.12 is transferred to mode data
coding section 102.

Mode data is sequentially extracted from the start



codeword bei ng determined based on a conbination of the node
K qﬁd t he node | H=ar-Aati— 7+

i Af or mati on of th@histglggﬁmﬁleﬁgﬁ . ously

caoded bl ocks at th Ml th%q arget blo kTHler.LEiiil”d;ﬁa‘-E REEN {1 of
t he node i nf orwwm WIM Lar get ]
I nformati on repl aci formati on of the bFoeks at—the

ock and t énpor aREPh&deD
peri phery of the target bl ock when the bl ocks at the periphery are out
of an image; and coding pixel data 35 in the target block according to the
mode i nf or ot itdre ocfine Zhdlioeket altl ackime. In the Scase of FIfhel2,

I nvention al so provides an i mage codi ng net hod .of coding each bl ock of
a digital mege datadedihtbet moded tdpmeestismantiiviekdataadifemadcknhavi ng
a pIuraIit¥ of pi xel s, said met hod conprising the steps of determning
a orizontal direction at a time in order of (A,B), (B,B),
and (A,3A).
5 FIG.13A shows the result ¢of coding the one-frame

mode data shown in FIG.12 using the code word table shown
in FIG.11l. It is observable that the area where one
combination of the same modes appears after another
contains short code words. FIG.13B shows the result of
10 coding the one-frame mode data shown in FIG.12 using a
fixed code word table such as A=0, B=10, C=1 as in the
case of the previous comparison example. As clearly seen
from a comparison of FIG.13A and FIG.13B, the number of
bits of the code word of one-frame mode data in the coding
15 system of the present invention is less than that in
conventional coding systems.
Mode data code word 112 coded in this way is given
to multiplexing section 104.
On the other hand, the pixel data of the pixel block
20 is coded by block data coding section 3 as in the case
of the first embodiment, and the code word regarding the
block data is stored in memory 103 and organized into
code word 113 regarding the block data corresponding to
the entire one frame.
25 Then, multiplexing section 104 multiplexes code
word 112 regarding the mode data and code word 113

regarding the block data of the entire one frame and



10 coding node for a target block to output mode information of the
target bl ock; sﬁll.esti a_gode rd table froma plurality of codeword

t abl es based on ') t he node i nfor matien-—of _previ ously
coded bl ocks at "ery of t target bl ock, $ﬁk;ggg§kwﬁ§
15 respectively

espondi ng to conbi natiofls of RrepiAd
I nformati on of the previously coded bl ocks at t he ; !
target bl ock, and said codeword t abl es havi ng codewords respectively
det er m nedoutputs r spd i Nifage eaYnwinmedes. avail able for the target 20

bl ock where a codeword is assigned a shorter codeword | engt h when the
codi ng node for rThaestange tilixd émbodimemerstakkey phedaudeniataoof the
codi ng nodes for the bl ocks at the periphery of the target block than
when the onecchiirangemileefiorlobk 1amyhoblyob&fiorenvoddingld plurfakiby 25
anong the coding nodes for the blocks at the periphery; codi ng the node
i nf or mat i onff modehdaha getensock lisgeyively hdsetret eddeoworst dabbee; and
codi ng pixel data in the target bl ock according to the node information
on the tpae@ode oekplygality of mede fdahti dhenscotdecddyeahYi nage
codi ng apparatus that codes each block of a digital inage di vi ded
into two- dPFROTEPRAFOBROVRE A AL HTDEKEREV FRGRALRAtIpNS éﬁgttyh%fsia‘?‘ﬁel s,
sai d apparatys c rising a node 35 infornmation determ ning section that
deterninesmg%gbdgaga' '

{Fourth embodiment)

10 FIG.14 is a block diagram of the image decoding
system that relates to a fourth embodiment of the present
invention. In said figure, the same signals as those
shown in FIG.1l and FIG.8 are assigned the same numbers
and their explanations are omitted.

15 The image decoding system of the present embodiment
comprises de-multiplexing section 141 that separates a
code word string regarding the mode data and a code word
string regarding the block data from a coded signal, mode
data decoding section 142 that obtains mode data from

20 a code word string regarding the mode data, memory 143
that stores mode data of all blocks corresponding to one
frame, and block data decoding section 83 that reproduces
pixel values from a code word string regarding the block
data.

25 Mode data decoding section 142 has a code word table
shown in FIG.11 to decode the code word of the mode data

coded by the image coding system in the third embodiment.



nmode for a target block to output node information of the
12 5 target block; a selecting section that selects €0

o | e
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i nf or mati on of pr s at the per her

block, said respectlvely bei ng set corresponding to 10
ein orna

conblnatlons of nD |on of the previously coded bl ocks at the
periphery of the target block, and said codeword tabl e havi ng codewords
respecti veMy adetRi+a rtfelcodln@rsree@waﬁl N4 2 Agsies tRdescadivablicofor the
t ar get bl ock where a codeword is assigned a shorter codeword 15 | ength

when the cediengne@dedada tieihgr gdie btodke ivvord tatiss ital FYGurEedon nant
anong the codi ng nodes for the

The operation of the image decoding systems in the

fourth embodiment configured above is explained below:
5 Firstly, de-multiplexing section 141 receives
coded signal 114, separates and outputs coded signal 114
to the code word string regarding the mode data of all
blocks corresponding to one frame and the code word
string'regarding the block data of each block.

10 Mode data decoding section 142 decodes the code word
of the mode data into mode data of two pixel blocks using
the code word table in FIG.1l1l in a procedure opposite
to the coding procedure in the third embodiment. Mode
data 111 decoded by mode data decoding section 142 is

15 stored in memory 143 and its one-frame data is output
together to block data decoding section 83.

The mode data of all blocks within one £frame decoded
by mode data decoding section 142 is stored in memory
143 and mode data MODE (i, j) of the block to be reproduced

20 is given to block data decoding section 83 in accordance

with a request from block data decoding section 83.

Lastly., block data decoding section 83 receives
code word string 14 regarding the block data of the block
at position POS (i, ) separated and output by de-

25 multiplexing section 141 and mode data MODE (i, j) of the
block output from memory 143 and reproduces and outputs

.pixel values in the block in accordance with MODE (i, j).



bl ocks at thembetiphery of the target block than when the codi ng node

for the targetThShekHasBeemReplrdedal |y i nferi or rrgF I g‘rm]des for
t he bl ocks at t a 20 node jaf ormatioff ot gr.r ﬁgqi Ep
codes the node n for the rget bl o¢k_usi A"t ndemn
tabl e sel ec I'n sald selecting section; and a bl ock data codi ng
section that codes pixel data in the target bl ock according to the node
i nformati on of the target block. 25 The invention al so provides a
comput er readabl #Furthéemond N@nragipo pi-tla téan sioxeigin g doll agkpwhdcdmist or ed
therein, said program being executed by a conputer to execut e
procedur es rfaot  shdiwmg isacthbel ddlguteardipgredhce® itgeddigdittell image

t wo- di nensi onal bl ocks, each bl ock having a plurality of pixels, said
program cofkgpahgby sorddmna khe myixetoddbyesodorf each takeek dutpht o

out put node information of the target bl ock; selecting a - codeword
tabl e fromid pthﬁalslctqmbingo@éﬁﬁﬁ t abl es based 35 on a conbi nati on of node

i nformati on of preV|ousIK coded bl ocks at_the perlghery of the target
bl ock, 2aid tabl & third and fourth embodiments above, mode dat

items of two continuous pixel blocks were coded together,

but it is also possible to encode mode data items of
numerous pixel blocks together. Further, a plurality of
continuous pixel blocks in horizontal direction are
10 coded, but it is.also possible to encode a plurality of
continuous pixel blocks in vertical direction or
continuous pixel blocks in two-dimensional directions
together. This requires a code word table corresponding
to the combination of blocks to be coded together.
15
(Fifth embodiment)

The first to fourth embodiments above describe
coding of mode data using the code word table shown in
FIG.3 0or FIG.4, but it is also possible to use other coding

20 techniques such as arithmetic coding technique.

In the image coding/decoding system that relates
to a £ifth embodiment, a mode data coding section/mode
data decoding section performs coding/decoding using an
arithmetic coding technique and switches probability

25 models used for arithmetic coding/decoding by predicted
values of the mode data of the block to be coded/decoded.

The configuration except the mode data coding



13 5 respectively being set corresponding to conbinations of t he node
I Af ormati on of .t e Bhd Lojtplaedcoded bl ocks at the periphery of the
target bl ock, rd tabl e having codemor ds_TESDPE i
det er ni ned T’j uﬁm “E‘\Mto codi ng 4fodes avai | abl W@ra't‘fgf;e_t‘;‘\%&ég’“l&
bl-ock where a i gned a shorter codeword____ Féngfthi®Rhen the
coding node for the target block is nunerically predom nant anong the
codi ng nodes for the bl ocks at the periphery of the target -block than
when the gsectQddfnBREe dd¥al BB APy BbAN IS DYMH L hNel BALTERE 15
anong the codi ng nodes for the blocks at the periphery; codi ng the node
i nf or mat i o8bbare {MiéntaoeRid bembldisié@ts. the sel ected codeword table; and
codi ng pixel data in the target bl ock according to the node information
of the t ar geInbhedkhwédtic cBdiaig Pethel gaten sdrDeawitogbe coded

-

is mapped on a probability number line divided according
5 to the appearance probability of dominant symbols and
inferior symbols and their positions are expressed in
binary point values and output as code series.
FIG.15 shows a conceptual diagram of arithmetic
coding.

10 This figure presents a casé where data series S=
{010011..} is coded with "P" indicating the appearance
probability of "0" and "Q" indicating the appearance
probability of "1". The position of "C" on the
probability number line indicates the code corresponding

15 to datastring "S”". In such coding, code "C”" is determined

by the following coding rules.

<Coding rules>
When data is 0 (dominant symbol)
20 CcC< C + A *Q
A << A %= P
When data is 1 (inferior symbol)
A< A * Q
"A" is an which indicates the range of the
25 existence of codes and corresponds to the hatching area
in FIG.15.

Appearance probabilities P and Q are the



14 t he node data, thus inproving coding efficiency. The
| rage codi ng apparatus of the fifth invention I's an i mage codi ng
appar at us t haf® ls lagele npde data, predicts-the—eeding—mde of
a block to be the mode %fat a of al refdm;;g@ﬁiﬁdtpaﬂlﬁf@% al
bl-ocks bablllty nodel that s@e0|f|mEPLA SED appedt ance
probability accordlng to the hitting ratio of predretrtof ’

The i mage decodi ng apparatus of the sixth invention

probability models and correspond to the code word tables.

A conventional arithmetic coding technique often uses
fixed probability models. If three kinds of data items
A, B, and C are coded/decoded as shown in the embodiment

b above, three types of appearance probability are also
required.

The present embodiment performs arithmetic
coding/decoding using a probability model table in which
a plurality of probability models (Nol to No3) are set

10 as shown in FIG.16. The probability model table is a table
showing the correspondence between a combination of
modes of a plurality of pixel blocks and probability
model as in the case of the code word table prediction
table shown in FIG.3. The combination of modes is the

15 same as that shown in FIG.3 and is not illustrated here,
but the model number corresponds to the combination of
modes. Appearance probability of each mode making up the
probability model is set in such a way that if there are
numerous specific modes in the peripheral blocks, the

20 appéarance probability for those modes is relatively
high.

When a fixed probability model is used, the code
word length of inferior symbols becomes longer, and
therefore in the case that an image that contains

25 numerous inferior symbols is coded, the coding
efficiency is reduced.

The present embodiment predicts the mode of the



10 is an |magedecod|ng apparat us that, when performng arithnetic

decodi ng of no t he codlng nD_g,DLZ&:

decoded fromtﬂlgm% ?Ha e%q{ ace ready decode gfpn QHEE’arr‘xASIBREI% \?nd
switches a pr obaH del that 2§peC|f|es appear axwa.AsrEdbabi | il y
according 15 t ratio of prediction.! = gfifth and
sixth inventions can perforn1 arithnmetic codi ng/ decodi ng by predicting
a codi ng node and adaptively switching to a probability nodel for

whi ch bRoexdity pedeoldd Pieh apeamsaes KPbpeiriighers1selockd thus
I mprovi ng coding efficiency. The recordi ng nmedi um of the seventh

i nvention afd perforMBpbdin@oes ingy arpdiothabhatl tst miedelheimograen dat a
appearance probability of the predicted mode set higher,

making it possible to improve the coding efficiency.

(Sixth embodiment)

The present invention implements the
configurations shown in the first to fifth embodiments
by software or programming and allowing another

10 independent computer system to easily implement them by
transferring them recorded in a recording medium such
as a floppy disk.

If a computer system incorporates a function
equivalent to coding mode judgment section 1, a function

15 equivalent to block data coding section 3, a function
equivalent to multiplexing sections 4 and 104 and an
existing mode data coding function, it is also possible
to replace the program implementing mode data coding
sections 2 and 102 by another program implementing an

20 existing mode data coding function. In this case, only
the program implementing mode data coding sections 2 and
102 or the program implementing program replacement
processing is stored in a recording medium and carried.

FIG.17 shows a floppy disk as an example of

25 recording medium.

In this embodiment, a floppy disk is shown as a

recording medium, but any IC card, CD-ROM, magnet tape
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and whatever capable of recording the program can be used
likewiée.

Furthermore, as a method of downloading the program
above to a computer system, it is also possible to
download the program from a server device to a terminal
device via the Internet or other communication network
as shown in FIG.18.

The present invention is not limited only to the
above mentioned embodiments, but can be modified in
various ways as long as they are not deviated from fhe
purpose of the present invention and those are included

in the range of the present invention.

Industrial Applicability

As described above, the present invention is useful
for image coding systems or image decoding systems which
perform coding or decoding by dividing a digital image
into blocks and separating block coding mode and block
data for each block, and suited to improving the coding
efficiency of code words regarding to the coding mode

and coding the input images with fewer bits.




;ihvention FIG 2 is a functional block diagramof the node data
5 codi ng section provided-in the inmge coding systemin re=e—the fixst—-

enbodi ment ; FIG 3 is a conbgguration d|agran1mfﬂﬁ®ewﬁﬂde#MDBEEN

tabl e predi cti BqP@SBmRa:laueﬂ in the node data coding ||sectifRIRLACHED
FlG4 is a diag a frame image is dl%FﬁEﬁ’fﬁtG
sections; a di agram showi ng the codi ng nodes of a
bl ock to be coded an perlpheral bl ocks; FIG 6 is a diagram
showi ng the pixel value status 16 & ZaEhMbl ock in one frane;

1. An image coding apparatus, comprising:
mode determining means for determining a coding
5 mode of a digital image to be divided into a plurality
of pixel blocks in pixel block units;
pixel value coding means for coding the pixel values
of a pixel block to be coded in the coding mode determined
for said pixel block:

10 mode coding means for coding the coding mode of said
pixel block to be coded using a coding table which
determines a code word for each coding méde:

switching means for switching said code word table
in accordance with the coding mode predicted from the

15 coding ﬁodes of blocks peripheral to said pixel block
to be coded.

2. The image coding apparatus according to claim 1,
wherein:
said switching means contains a prediction table

20 which provides the correspondence between a combination
of a plurality of coding modes and a code word table which
determines a code word for each coding mode;

said code word table assigns a relatively short code
word length to coding modes which are numerically

25 dominaht among a plurality of coding modes which form
a combination of said coding modes.

3. The image coding apparatus according to claim 2,

* c L M H *



'FIG.7A is a dlagran1shomnng code words when the bl ocks shown in
FIG 6 are |qﬁggmaﬂﬂ®&wa8 ng to the present invention;

FIG7B is a d%m code wor ds)gmhen t he 20 bl oc;lf_s WnLn FIG 6
- ety yond
|

are i mage-cod gener al cogpn_;w
FIG8 is a bl agran1of the | mage decodi ng _{second
enbodi nent of the present invention; onal

bl ock di agram of the node data 25 decodi ng secfTon prOV|ded in the i mage
decodi ng €jexr&hn: in the second enbodi nent; FIG 10 is a

bl ock di agram of tge I mage. ¢codi ng system
sald switching means comprises:

detection means for detecting a combination of
coding modes which match the coding data statuses of the
5 already coded pixel blocks peripheral to said pixel block
to be coded from said prediction table:
selection means for selecting a code word table
corresponding to the combination of detected coding
modes from said prediction table.
10 4. An image coding apparatus, comprising:
mode determining means for determining the coding
mode of a digital image divided into a plurality of pixel
blocks in block units;
pixel value coding means for coding the pixel values
15 of a pixel block to be coded in the coding mode determined
for said pixel block: |
mode coding means for coding the mode data
indicating the coding data of said pixel blocks
corresponding to a plurality of pixel blocks included
20 in the area to be coded.
5. The image coding apparatus according to claim 4,
wherein:
said mode coding means has a code word table which
assigns a code word to each of a plurality of arbitrary
25 combinations of coding modes and sets a relatively short
code word length for those code words containing numerous

mode combinations of the same modes.
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FIG 11 is a configuration diagramof the code word ———-t-abl-e-—-provid

Wy the thi éﬂ embodf FRRS HEET BAS BEEN
an_exanpl €”of the pixel REPAKGEDst at ug of
n 1mage to be co —F1 G 13A

aor the imge
FIG 12 is a di
each bl ock w
I s a diagram showi ng code words when the

“of the third enbodi ment of the present invention;

according to the present

10

15

20

25

6. The image coding apparatus according to claim 5,
wherein:

said mode coding means comprises:

means for detecting é combination of modes which
matches the combination of mode data items of a plurality
of pixel blocks included in sald area to be coded from
said code word table;

means for extracting the code word corresponding
to the detected combination of modes from said code word
table and outputting it as the code word corresponding
to a plurality of said pixel blocks.
7. The image coding apparatus according to claim 6,
comprising further:

memory which stores at least one frame of the mode
data items indicating the coding modes of said pixel
blocks;

transfer means for transferring one-frame mode
data items stored in said memory to said mode coding
means;

extracting means for extracting the mode data items
of a plurality of pixel blocks included in said area to
be coded from the one-frame mode data items transferred
to said mode coding means.
8. An image coding apparatus, comprising:

mode determining means for determining a coding
mode of a digital image divided into a plurality of pixel

blocks in pixel block units:
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block in FIG 12 is i mge-coded
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210 invention; -+ - " FIG13B is a dlagran1shomnng code mords when t he
bl ock in FIG.12 |s i mge- coded according to a generg St em

FIG 14 is cet‘he i mage Qecodlng systhﬁﬂﬂbfﬁhfhgﬂgiéﬁafe to
the fourth e u e present i nventi pn; REPLACED FI G 15
is a conceptu he arithnetic codrﬁg“ﬁerhod*“"

FIG16 is a cpnflguratlon di agram of the appearance 20 probability table
used in the fifth enbodi ment of the present invention;

FIG 17 is a schepRbicvéiaye ofotiitd asoafisngordioding pixel values

of a pixel block to be coded in the coding mode determined
for said pixel blocks;
mode coding means for arithmetically coding the
5 coding mode of said pixel block to be coded using a
probability model with an appearance probability
‘determined for each coding mode;
switching means for switching said probability
‘model according to the coding mode predicted from the
10 coding modes of blocks peripheral to said pixel block
to be coded.
9. The image coding apﬁaratus according to claim 8,
wherein:
said switching means has a probability model table
15 which provides the correspondencé betwéen.a combination
of a plurality of coding modes and a probability model
in which the appearance probability of each coding mode
is determined:
said probability model provides relatively high
20 appearance probability for those coding modes
numerically dominant among a plurality of coding modes
forming combinations of said coding modes.
10. An image decoding apparatus, comprising:
mode decoding means for decoding code words
25 indicating the coding mode of pixel block to be decoded

using a coding table which assigns a code word to each

coding mode;
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switching means for switching said code word table
according to a coding mode predicted from the coding
modes of blocks peripheral to said pixel block to be
decoded;

pixel value decoding means for decoding a pixel
value of said pixel block to be decoded based on the coding
mode decoded for the relevant pixel block.
11. The image decoding apparatus according to claim 10,
wherein:

said switching means has a prediction table which
provides the correspondence between a combination of a
plurality of coding mode; and a code word table which
assigns a code word to each coding mode;

said code word table provides a relatively short
code word length for those coding modes numerically
dominant among a plurality of coding modes forming
combinations of said coding modes.
12. An image decoding apparatus, comprising:

mode decoding means for decoding code words for the
coding data items of pixel blocks to be decoded in
gquantity corresponding to a plurality of pixel blocks
included in the area to be decoded collectively:

pixel value decoding means for decoding pixel
values of the pixel block to be decoded based on the coding
mode decoded for the relevant pixel block.

13. The image decoding apparatus according to claim 12,

wherein:

relates to the
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‘Best Mbde for Carrying out the lnvention Wth reference now to
the aptachgd ﬂ{qﬁﬁnﬁi ethe 5 enbodi nents of the resent i nvention are
x.

expl ai ned in T rst enmbos
ﬁﬁflﬁﬁi |rrage cod$ s:' ST'?—E héfH@:\Qmﬁg,\; tes the

shows a bl ock kuﬁﬂ

first embodi ne present |nvent|on ﬁaﬁéﬂﬁadlng sjistem
shown in said figure conprises codi ng node Judgnent SECE "t hat
outputs the coding node data which indicates the coding node of a

pi xel block to keicparlie @teodahg mednaghaschicode word tabilegehéclt es
node data code words using a code word 15 table which will be described
|l ater, bl eaksilighs aododg word to each of a plurality of arbitrary

=== FIG 1

.

combinations of coding modes and sets a relatively short
code word length for those code words containing numerous
5 mode combinations of the same modes.
14. An image decoding apparatus, comprising:
mode decoding means for arithmetically decoding
coding modes of the pixel blocks to be decoded using a
probability model which assigns a determined appearance

10 probability to each coding mode;

switching means for switching said probability
model according to the coding mode predicted from the
coding modes of blocks peripherél to said pixel block
to be decoded:

15 pixel value decoding means for decoding the pixel
values of said pixel block in the coding mode decoded
for said pixel blocks.

15. The image decoding apparatus according to claim 14,
wherein: | |

20 said switching means has a prediction model table
which provides the correspondence between a combination
of a plurality of coding modes and a probability model
which assigns an appearance probability to each coding
mode;

25 said probability model provides relatively high
appearance probability for those coding modes

numerically dominant among a plurality of coding modes
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section 3 that geneféfégma code word for the pi xel val ue within the
pi xel block, ap h@é‘{hgsiéél I ng .section 4 that gejferates ge

5 cogded 1
i gnal by mult 25a d ding [IHETREHELAZEAS Qe
coferors renat MIRATHT orec, o6 oar® o, Lecac Ol I
I

code word rega
bl ock of a digital input 1nmage divided by

pi xel val t
the bl ock division block which is not shown in the figure; code 12

i ndi cates the coding node data of the pi xel bl ock; code 13 indicates
the code fBraimggampdnationge dfpdeadd £o0Tbye MPA&RIi cates the code word

regar di ng the bl ock data; ,code 15 indicates a coded inagg syggal
of the di §ftaPrn nHhRILNERILRG/ deFdiBIpePRATatus comprising the

image coding apparatus according to claim 1 and image
decoding apparatus according to claim 10.

5 17. An image coding/decoding apparatus comprising the
image coding apparatus according to claim 4 and image
decoding apparaths according to claim 12.

185 An image coding/decoding apparatus comprising the
image coding apparatus according to claim 8 and image
10 decoding apparatus according to claim 14.
19. A computer program product for operating a computer,
said computer program product comprising:
a computer readable medium;
first program instruction means for instructing a
15 computer processor to encode the coding mode of a pixel
block to be coded using a coding table which assigns a
code word to each coding mode;
second program instruction means for instructing
a computer processor to switch said code word table
20 according to a coding mode predicted from the coding
modes of blocks peripheral to said pixel block to be
coded; and
wherein each program instruction means is stored
in said medium in executable form and is loadable into
25 a computer memory for execution by the associated

processor to operate the computer.,
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dat a codlng SR hgﬂH“

eonpri ses node
node data read
peri pher al to

23

" FI' G 2°shows the functional block configuration of

node

shomn in FIG 2, node datag———=—=¢oding.-section 2

t hat reads coding nDde‘data 19f Il ok s

i

consi sti ng- of a plurality of code word tables, code word

sel ection section 24 that selects the optimal code word tabl e;
codi ng sex i dhhescompt taxiasrogtamiproduct according to claim 19,

10

15

20

25

farther comprising:

third program instruction means for instructing a
computer processor to determine the coding mode of a
digital image divided into a plurality of pixel blocks
in pixel block units; and

fourth program instruction means for instructing
a computer processor to encode the pixel values of a pixel
block to be coded in the coding mode determined for said
block; wherein

said third program instruction means and said
fourth program instruction means are stored in said
medium in executable form and loaded to the computer
memory when executed by the associated processor to
operate the computer.
21. A computer program product, comprising:

a computer readabie medium ;

first program instruction means for instructing a
computer processor to decode the code word indicating
the coding mode of a pixel block to be decoded using a
coding table which assigns a code word to each coding
mode;

second program instruction means for instructing
a computer processor to switch said code word table
according to a coding mode predicted from the coding

modes of blocks peripheral to said pixel blocks to be

decoded;

E‘ &kction 235 that st @resseoding: qpgde=ddi a,

to be coded, code wor d-FabFe—predietion=tabl e

tabl e
and
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10' based on the codé word 't able. FI G 3 shows an actual exanple of
code word taby, rediction table 23. It is desi that the coding

e

etficiency maylssmef lgged adj ust i ngsgi combi nat i PrTHIS s et . data
of the al read)é! ral bl ocks ®15 and a pljir al i tpegfs ditide=Sond
tabl es which [ fferent coding patterns———=———__The ~j

operation of the imge codi ng system confi gured above is explained
bel ow:. Firstly, the digital input imge, as shown in FIG 4, 20
constitutes fornmthikr@ paidPhainhahsividiction meadorfoorinstrudieingtao of
synthesis of a normal col or signal or object wherein one frane is
confi gur edcbmputeri peoicds dbpi tel decode the pixel values of said

pixel block to be decoded ba_sed on the coding mode decoded
for said pixel block; and
5 wherein each program instruction means is stored

in said medium in executable forma and loaded to a
computer memory when executed by the associated
processor to operate the computer.
22. A computer program product, cémprising:

10 a computer readable medium ;

first program instruction means for instructing a

computer processor to encode the pixel values of a pixel
block to be coded in the coding mode determined for said
pixel block:

15 second program instruction means for instructing
a computer processor to encode the mode data indicating
the coding data of said pixel block in quantity
corresponding to a plurality of pixel blocks included
in the area to be coded collectively; and

20 wherein each program instruction means is stored
in said medium in executable forma and loaded to the
computer memory when executed by the associated
processor to coperate the computer.

23. The computer program product according to claim 22,

25 comprising:

a computer readable medium ;

third program instruction means for instructing

R



“and vertical N lines. The one-frame digital input inage i s divided
tnto a pluralj ty oflﬁl xel bI ogks made up of 25 horizontal m pixels and

vertical n i e di \grsi on bl ock pheh=+s=net—showr.in the
figure. Plxel naI 11 of the resulti%ﬁTbeéL'bldoksmLy ‘nput
19 udgnent section 1 and |pl ock RE-4CE8di ng

section 3.

e iy

the computer to determine the coding mode of a digital
image divided into a plurality of pixel blocks in pixel
block units;
fourth program instruction means for instructing
5 a computer processor to encode the pixel values of a pixel
block to be coded in the coding mode determined for said
pixel block; and
wherein said program instruction means are stored
in said medium in executable forma and loaded to computer
10 memory when executed by the associated processor to
operate the computer.
24. A computer program prodﬁct, comprising:
computer readable medium ;
first program instruction means for instructing a
15 computer processor to arithmetically encode the coding
mode of a pixel block to be coded using a probability
model which assigns an appearance probability to each
coding mode; |
second program instruction means for instructing
20 a computer processor to switch said probability model
according to the coding mode predicted from the coding
mode of blocks peripheral to said pixel block to be coded;
and
wherein each program instruction means is stored
25 in said medium in executable form and loaded to a computer
memory when executed by the associated processor to

operate the computer.
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delng node judgnent section_ 1 determ nes the codi ng node of that

pi xel Dbl ock frémthe pixel val ue data 5 of the pixel block at position
(i.,j) (hereafter described as PQR (i,j)). In the case of a nornmal

col or signal , TheﬂwaihSB ce or absence of nmovene OLLQELLQD and the
presence or abs ure conversion coefficiefty, gjer

and in the case t he 10 presence or ABév ”'FJQP“B EEN' ;
significant formis detern1ned In the case of | 'LQ.” e
signal, there can be three statuses: (A) all pixels in the bIEEK“are
bl ack plxels (B)all pixels are white pixels; (C) black pixels and

white pi xekb.ade gemputetheprogram ibeodugite t¢eBPrdsdimg: 15 nodes A B,

and C corresponding to three statuses,
a computer readable medium;

first program instruction means for instructing
5 the computer processor to arithmetically decode the
coding mode of a pixel block to be decoded using a
probability model which assigns an appearance
probability to each coding mode;
second program instruction means for instructing
10 a computer processor to switch said probability model
according to the coding mode predicted from the coding
modes of blocks peripheral to said pixel block to be
decoded;
third program instruction means for instructing a
15 computer processor to decode the pixel values of said
pixel block to be decoded based on the coding mode decoded
for said pixel block; and
wherein each program instruction means is stored
in said medium in executable form and loaded to computer
20 memory when executed by the associated processor to
operate the computer.
26. An image coding apparatus, comprising the steps of:
(a) determining the coding mode of a digital image
divided into a plurality of pixel blocks in
25 pixel block units;
(b) coding the pixel values of a pixel block to be

coded in the coding mode determined for said

* [+ L M S *



Tespectively. The coding nDde'of the pixel block at PCS (i,]) is

descri bed hereafter as J) Codi ng node j udgnent section 1
out put s det er Thigihept Beyase to nmode gg dat a codlqg_sectlonJZ_ and—,

bl ock data codi { 20 Mode data codiT :

the code word “ : rrespondi ng to MODE (|,Ji:

table prediction table shown in FIG 3 to generate a c P 1 524
regardi ng the node dat a. The net hod of codlng the node data is
expl ai ned in 25 qeixel bdlosyk: I n node data coding section 2,
supposi ng that the codi ng node of the pixel block now to be coded is
MODE (c) coding the codlng mode of said pixel block to

be coded using a coding table which assigns a
code word to each coding mode,
5 and
(d) switching said code word table according to the
coding mode predicted from the coding modes of
blocks peripheral to said pixel block to be
coded.
10 27. An image coding apparatus, comprising the steps of:
(a) determining the coding mode of a digital image
divided into a plurality of pixel blocks in
pixel block units;
(b) coding the pixel values of the pixel blocks
15 to be coded in coding mode determined for said
pixel blocks:
(c) coding the mode data indicating the coding data
of said pixel blocks corresponding to a
plurality of pixel blocks included in the area
20 to be coded collectively.
28. An image coding apparatus, comprising the steps of:
(a) determining the coding mode of a digital image
divided info a plurality of pixel blocks in pixel block
units;
25 (b) coding the pixel values of the pixel block to
be coded in coding mode determined for said pixel block;

(c) arithmetically coding the coding mode of said

* [ L M S *



20 (i §) "'is;"ria'é"si"b'lﬂle'to P e o T, (1) From coding

nmodes MODE (i - eﬂmdi 1) and MODE (i, )r t he already
coded pi xel brﬂwﬁﬂw , POSyp (I,J 1)l RS (,-:aJﬂﬂger
peripheral to t at 5 POS (i,j) as § own I ok G5y

That is, when t codlng nodes A, B, ﬁzzaﬂdm£;”tﬂt£m —cdse
t hat NCDE (I-lj NCDE (I-lj and MODE (i,j-1) are all A, there
is a high probab|I|ty t hat NCDE (i,j) will also be A

pixel block to be coded using a probability model which
assigns an appearance probability to each coding mode;
and

(d) switching said probability model according to

5 the coding mode predicted from the coding modes of blocks
peripheral to said pixel block to be coded.
29. An image decoding apparatus, comprising the steps
of:

(a) decoding the code word indicating the coding

10 mode of a pixel block to be decoded using a coding table
which assigns a code word to each coding mode:

(b) switching said code word table according to the
coding mode predicted from the coding modes of blocks
peripheral to said pixel block to be decoded;

15 and

(c) decoding the pixel values of said pixel block
to be decoded based on the coding mode decoded for the
relevant pixel block.

30. An image decoding apparatus, comprising the steps
20 of:

(a) decoding the code word for the coding ‘data of
pixel block to be decoded in quantity corresponding to
a plurality of pixel blocks included in the area to be
decoded collectively;

25 and
(b) decoding the pixel values of said pixel block

to be decoded based on the coding mode decoded for the

Iy



10 In typi cal conventional node data coding, a speci fic code

word is prOV|Qﬁggigﬁhgggpgﬁmmamding nodes A, B and C and a code word
is assigned ac codi pg node det er r-Red.--Fhat- 45 y one
set of the cod%{“ﬂ“muﬁ“‘ﬂgﬂ codi ng node A, code worifdTefs sading gukENBand
I5 code word Cis prepared beforehanfd (codgEriecsimord ‘
tabl e) and the code word for the correspondi ng e Rg—ode 15
extracted and output. In addition to that, the I ength of each code
word is fireddwdnthpisasie brogkh (nunmber of bits). 20 As shown
in FIG 3, in the present invention, a plurality of code word tables

are provi 84d iAntimageddlecoding dappbretyedi comprisibng i8¢ HHRPSpecific
code word
of:
(a) arithmetically decoding the coding mode of a
5 pixel block to be decoded using a probability model which
assigns an appearance probability to each coding mode;
(b) switching said probability model according to
the coding mode predicted from the coding modes of blocks
peripheral to said pixel block to be decoded:
10 and
(c) decoding the pixel values of said pixel block

to be decoded in the coding mode decoded for the relevant

pixel block.
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tabl &s include code words of a short code word | engt h. In the case
t-hat the codi ng node of bl ocks peripheral 25 to the block to be coded is

i nclined towa - iBeplaced e joere is a high probability of the
bl ock to be co H I "m the same as the specif|i gra0sla-Tank BhES Lhe
code 21 WogdpOfthe specific
node is set shorter than the code wor d of ot her—ceding—rodes .

oIy

ABSTRACT OF THE DISCLOSURE

The mode data of a block to be coded is predicted

from the mode data of 'peripheral blocks already coded,

5 and coded using a code word table switched according to
a hitting ratio of prediction. In the code word table,

the code word length is set shorter for coding modes with

high hitting ratio.



_To be concrete, in the case that the codi ng node of the peripheral
bl ocks is inclined toward A, the code 5 word of coding node Ais set to

"0" (code word length = 1 bit); the code word of coding node B is set
to "10" (code word length = 2 bits); and the code word-of coding

node Cis set to "11" (code word length = 2 bits). In t he case that
nunmerous B's are included in the coding 10 node of the peripheral bl ocks
or in the case that numnerous C s are included in the coding node of

t he peri pheral bl ocks, the code word |l ength of the respective dom nant
codi ng nodes is set shorter. Mode data coding section 2 stores

the node data sent 15 from codi ng node judgnent segtion 1 in node data
st or age

MODE DATA CODING
SECTION

14

>

FIG. 1
(12

A 4
BLOCK DATA CODING
SECTION

CODING MODE
JUDGMENT SECTION

P

SH




_section 21 to nmake it easy to acquire the codi ng node I nformati on of
the bl ocks peripheral to the block to be . coded. The node data of the
pi xel block is stored in the position corresponding to said bl ock

w thin one frane. 20 When bl ock position POS (i,j) of the block to
be coded is input, node data read section 22 reads coding nodes
MODE (i-1,j), MODE (i-1, j-1), and MODE (i,]-1) at bl ock positions PGS
(i-1,j-1), POCs (i,j-1), PCs (i-1,j) fromnode data storage section 21
and gives them 25 to code word table selection section 24. Code
word table selection section 24 selects the code word table set in
association.with a conbination

FIG. 2

21
§
CODING SECTION
MODE DATA ——{ MODE DATA STORAGE
SECTION
22
s
POSITION PERIPHERAL BLOCK
INFORMATION OF ———»  MODE DATA READ
BLOCK TO BE CODED SECTION

24 l PERIPHERAL BLOCK MODE DATA ( 23

!

CODE WORD TABLE CODE WORD TABLE
SELECTION SECTION PREDICTION TABLE

l 325

MODEDATAOF ——»!  GODINGSECTION |——»
BLOCKTO B COBED CTION MODE DATA CODE WORD




22 t hat matches the conbi nati on of coding nodes MODE (i-1,j),
MODE(i-1,-1), andMODE(i,j-1) of the peripheral bl ocks fromcode word
tabl e prediction table 23. For exanpl e, in-the case that the coding
‘'nodes of the peripheral bl ocks 5 are (AAA, (AAB, (AAQO,

(B,A A, (CAA, (ABA), or (ACA), the code word table of (A=0,
B=10, C=11) is sel ected. The exanpl e above is the case where codi ng

node A of the peripheral bl IS mnant. In the case that
codi ng node B of the peripheral bl S m nant, the

MODE DATA OF CODED PERIPHERAL BLOck | COPE WORD OF
MODE( i,j)
MODE(i—1,)) |MODE(i—1,j—1)] MODE(ij—1) | A | B | C
B A A A )
A A B
A B A
A A C
A C A o | 10 | 11
B A A
C A A
A B C
A C B
B B B
B B A
B A B
B B C
B C B 10| o | 11
A B B
C B B
B A C
B C — A B
C C ~ C B
C C A
c A C
C C B
C B C 10| 11] o
A C C
B C C
C A B
C B A




10 code word table of (A=10, B=0, C=11) is selected, and in the case
that codi ng node C of the peripheral bl ocks is dom nant, the code
word table of (A=10, B=11, C=0) is selected. The code word table

sel ected according to t he node statuses of peripheral blocks is

gi ven to coding 15 section 25. Thus, the present invention
all ows the code word tabl e used for coding of node data to be

swi t ched adaptively according to the codi ng node statuses of

peri pheral bl ocks. 20 Codi ng section 25 codes the node data of the
bl ock to be coded based on the selected code word table. Now,

in the case that the codi ng node i nput from codi ng node

FIG. 4
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j udgment section 1 is A and the code word table input from code word
tabl e sel ection section 24 is (A=0, B=10, 25 C=11), code word =0 is

out put . Therefore, in the case that bl ocks peripheral to

the bl ock to be coded includes a dom nant node and the

23 node of the block to be coded matches the dom nant node, a
short code word is generated. Suppose that the coding node status

of each pixe

FIG. 5

MODE(i — 1,j— 1)| MODE(,j — 1)

7

e
'// |

MODE(i — 1,))

%%

- FIG. 6

A A A A A A A
Ala|B|B]|B A
Ala|lB|lc|lc|B]|B
AlB|B|lc|c|B]|B
AlB|lB|lc|lc|c]|B
Alclc|lclec|lc]c




bl ock of a frame image is as shown in FIG6. If the code 5 word table can

be changed adaptively according to the codi ng node st atuses of

peri pheral blocks as in the case of the present invention, the code
word | ength of the hat ched bl ock in FIG 7A beconmes shorter, and thus

t he coding efficiency can be inproved. On the other hand, 10 in the
case that a frane image as shown in FIG 6 is coded using the code word
table with only one set of (A=0, B=10, C=11) fixed, the coding result
will be as shown in FIG 7B. It is observable that the coding
efficiency is reduced conpared to the code word shown in FIG 7A. 15
If Aor Bis input as the coding (:iegﬁrgﬁcg t he pi xel bl ock at POS

(i,j) fromcodi ng node judgnent
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o
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section 1, block data coding section 3 stops coding of t he pi xel val ue

of the block to be coded. This is because in the case of codi ng nodes
A and B, all pixels in the 20 block are black or white and therefore
decodi ng of the pi xel block is possible with only the node data. In

t he case of coding node C, theTp/id val ue of the block to be
coded is coded and the code word regardi ng the bl ock data is output.
25 Mul ti pl exi ng section 4 nultiplexes the code word regar di ng
the node data with the code word regarding the bl ock data to output a

coded i mage si gnal
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24 As seen above, the present enbodi nent provides a

plurality of code word tables to convert individual nbde data to a
code word in association with the codi ng node stat uses of peri pheral

bl ocks and assigns short code 5 words to a dom nant node prevailing in the
peri pher al bl ocks, thus allow ng the code word tables to be sw tched
adaptively according to the codi ng node statuses of peri pheral bl ocks.
On the other hand, instead of handing over the 10 content of the code
word table sel ected by code word table

FIG. 9

94
{
CODE WORD TABLE .
PREDICTION TABLE POSITION INFORMATION
OF BLOCK TO BE DECODED
95 l 93
vy S {
CODEWORD TABLE PERIPHERAL BLOCK
le——  MODE DATAREAD
SELECTION SECTION EDATAR
DECODING
391 l MODE DATA T 392
S MODE DATA STORAGE
MODE DATA CODEWORD ———>|  DECODING SECTION, > secnonBFL%% }[()ECODED

v
TO BLOCK DATA DECODING SECTION



sel ection section 24 to coding section 25, it is also possible to

notify only the nunber of the selected code - word table to coding
section 25 so that coding section 25 may incorporate the content of
the code word table 15 specified with a nunber fromcode word table
predi ction tabl e 23. , (Enmbodi nent 2) FIG 8 is a block
di agram of the image decoding 20 systemthat rel ated4 to the second
enbodi ment of the present invention. In saidXigure, the sane signals
as those in the first enbodi ment shown in Fi are assigned t he
same nunbers and their explanations are omtted here. :
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Thi s i mage decodi ng system conprises de-
separates the code word
rregardi ng t he
decodi ng section 82 that
bl ock fromthe code word regardi ng the node

25

t he pi xel

pi xel

25 mul ti pl exi ng section 81 that
regardi ng the node data and the code word

bl ock data fromthe coded i nage signal
reproduces the codi ng node data of

node dat a

data, and bl ock
ue within the

dat a decodi ng section 83 that reproduces t he pi xel val
bl ock in the node
FIG. 11
MODE DATA
CODE WORD
MODE(,j) | MODE(i+1,j)

A A 0

A B 0110

A C 0111110

B A 011101

B B 001

B C 01111110

C A 011110

C B o1111111

C C 010




5 indicated by the reproduced node dat a.
bl ock di agram of node dat a
section 82.
of the npde data, node data storage section 92 that stores 10
data of the decoded pixe
the stored node data,
conbi nes the node statuses
to be decoded

S decodegﬂ)ﬂope d@ >

LINE 2

LINE 3
LINE 4
LINE 5

LINE 1
LINE 2

LINE 3
LINE 4
LINE &

LINE 1
LINE 2

LINE 3
LINE 4
LINE 5

bl ock,
code word

and code word tFL@ 3|

section 95 that selects a code word table
t he node data coded
enbodi nent

FIG9 is a functional

decodi ng section 82. Mdyde data decodi ng
conpri ses decoding section 91 that decodes the code word

node data read
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the i mage decodi ng systemin the present enbodi nment, it IS neceséary
10 use code word table prediction table 94 20 wth the sane content as

that shown in FIG 3. The operation of the i mage decodi ng system
in the second enbodi nent configured as shown above is now
expl ai ned bel ow. Firstly, de-nultiplexing section 81 separates
25 coded inmage signal 15 into code word 13 regardi ngat he node data and
code word 14 regarding the bl ock data. Code word 13 regardi ng the node
data is input to node data )
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26 : decodi ng section 82, while code word 14 regarding the bl ock
data is input to block data decodi ng section 83. Upon recei vi ng
code word 13 regarding the node data, node data decodi ng section 82
reproduces coding node data 5 12 of the corresponding bl ock from code
word table prediction table 94. Wth reference nowto FIG 9,
t he operation of nobde dat a decodEE cti 82 i s explained. After
decodi ng section 91 decodes the oﬁ(ﬁior-f node data, the decoded
10 node data is witten to the correspondi ng pixel bl ock

v
/ 7/ VLAY LA,
2%%%%%2%%%5??2%%%%2§%§h443&4;2 i
Q
SYMBoLO,:> 0 ; 0 0 1

CONCEPTUAL DIAGRAM OF
ARITHMETIC CODING

FIG. 16

TEPERRANCE
PROBABILITY

SETNO. AlB]|C
No1 70| 20 | 10
No2 20 | 70 | 10

No3 201101} 70




position of node data storage section 92. In node data read

section 93, position information within one franme of the block to be
decoded is input. Mode data read section 93 reads the node data of the
15 <decoded bl ocks peripheral to the block to be decoded from node
data storage section 92 based on the position i nformation of the bl ock
to be decoded and inputs it to code word table selection section 95.
Code word table selection section 95 extracts the 20 sanme code word table
as the code word table at the tine of coding fromcode word table

prediction table 94 based n, ata statuses of the bl ocks
peripheral to t he bl ock toFSJ godg¢df The code word table extracted

SN N A

FIG. 18
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from code mofd-tabre-prediCtrﬁh"table 94 is handed over 25 to decoding .
section 91. Decodl section 91 decodes the code word regarding

t he node data EES$hé Ye decoded usi ng the code
27 word tﬂj “ er fromcode word table selection

section 95. anpl e, sufx O Tt v
by mode data decodi ng section 82 is a blljo _.*&ﬁkﬂg$BF§N
REBLAGED

31. An image decoding method, comprising the steps

decoding code words for the coding data items of

5 pixel blocks to be decoded in quantity corresponding

to a plurality of pixel blocks included in the area to

be decoded collectively;

decoding pixel values of the pixel block to be

decoded based on the coding mode decoded for the relevant

P

10 pixel block. ST
' __3__%__ "An image decoding method, comprising the steps
of: |
(a) arithmetically decoding the coding mode of a
pixel block to be decoded using a probability model whiéh
15 assiéns an appearance probability to each coding mode;
(b) switchin'g said probability model according to
the coding mode predicted from the coding modes of blocks
| peripheral to said ﬁixel block to be decoded;
and
20 {c) decoding the pixel values of said pixel block
to be decoded in the coding mode decoded for the relevant

pixel block.

S



5-MOXDE (i-1,j), MDE (i-1,j-1), and MODE (i,j-1) sh
al ready been reproduced, and it is possible t
t he codi ng node of the bl ock MODE (i,j) fromgh

the node data coded in the first enbodi nent by sw I
table 10 fromthe statuses of nodes MODE (i-1,j),
and MODE (i,j-1) according to FIG 3. 3 Th

stored in node data stora . section 92 and at the same tine Tnput to
bl ook da - PHECOHFRGNCeLAERTAEN (RAFETOLe REOY R aTarh PR
sectijon 83 geRLEVEACEAEENYORA image bJiedANMEMbd REF RieBihdalarand
reproduces digital pixel val'ue signal 31 wthin the bl ock and outputs
it by block of a digital image divided into a plurality of two-
dimensional blocks, each block having a plurality of
pixels, said method comprising determining a coding mode
10 for a target block to output mode information of the
target block; coding the mode information of the target
block using the mode information of previously coded
AN blocks at the periphery of the target block; and coding
pixel data in the target block according to the mode

15 information of the target block.

The invention also provides an image coding method

of coding each block of a digital image divided into a
plurality of two-dimensional blocks, each block having a

20 plurality of pixels, said method comprising determining a
coding mode for a target block to output mode information
of the target block; fetching and outputting a codeword
of the mode information of the target block from a
codeword table, based on a combination of the mode

25 information of the target block and the mode information
of previously coded blocks at the periphery of the target
block, said codeword table having codewords, each
codeword of said codeword table being determined based on
the combination of the mode information of the target

30 block and the mode information of the previously coded
blocks at the periphery of the target block; and coding
pixel data in the target block according to the mode

information of the target block.

35 The invention also provides an image coding method

of coding each block of a digital image divided into a



perform ng decodi ng processing corresponding to tmaREHJ“jﬂ@HWE§HEE% shown
S

I n codi ng node data 12. 20 In the first and slecond enbodi ngnt

above,
t he

t he node data of three peripheral bl ock
_ node data of the block to be coded, but i
to increase the nunber of reference bl ocks. Te—embod ert

D

d di ct
I‘é‘ﬁM?\? 2009 Qrqdic

SO possi f | g

—

above describes t he case where there 25 are 3 kijnds (A, B, O of node

dat a,
st at us

hut
bs. 5

10

15

20

25

30

35

i s al so possible to apply the sim| essing to nore
plurality eEnbHarsdmens idhae SRR HETIIE, 2

plurality of pixels, said method comprlslng determining a
coding mode for a target block to output mode information
of the target block; outputting a codeword of the mode
information of the target block, the codeword being
determined based on a combination of the mode information
of the target block and the mode information of
previously coded blocks at the periphery of the target
block, the codeword being assigned a shorter codeword
length when the coding mode for the target block is
numerically predominant among coding modes of the blocks
at the periphery of the target block than when the coding
mode for the target block is numerically inferior among
the coding modes of the blocks at the periphery of the
target block; and coding pixel data in the target block

according to the mode information of the target block.

The image coding method may be such that the coding
mode is determined based on whether pixel values in the

block are all 0, all 1 or other than all 0 and all 1.

The invention also provides an image coding
apparatus that codes each block of a digital image
divided into a plurality of two-dimensional blocks, each
block having a plurality of pixels, said apparatus
comprising a coding mode determining section that
determines a coding mode for a target block to ocutput
mode information of the target block; a mode information
coding section that codes the mode information of the
target block using the mode information of previously
coded blocks at the periphery of the target block; and a
block data coding section that codes pixel data of the



28. : enbodi rent and the i mage decodi ng sys,REPLACENﬂyW$Q§§ﬁﬂT

enbodi nrent will allow a codi ng/ decodi ng systemtp rphenent ed.

5 (Third enbodi nent) FI G 10 shows a Dl)ﬁé%dl r oft tlhe i mage
codi ng systemthat relates to a third enbpd 43% m@ gsent
invention. In said figure, the sane functional blo and _same signal s as
those of the systemshown in FIG 1 10 &re ass gned t he sanme nunpers and

their explanations are onitted. . . :
Fg target block accordyng to the mode information of the

target block.

The invention also provides an image coding

apparatus that codes each block of a digital image

10 divided into a plurality of two-dimensional blocks, each
block having a plurality of pixels, said apparatus
comprising a coding mode determining section that

S determines a coding mode for a target block to output
mode information of the target block; a codeword table

15 containing codewords, each codeword being determined in
association with a combination of the mode information of
the target block and the mode information of previously
coded blocks at the periphery of the target block; a mode

. information coding section configured to fetch and output

20 a codeword of the mode information of the target block
from said codeword table, based on the combination of the
mode information of the target block and mode information
of previously coded blocks at the periphery of the target
block, and a block data coding section that codes pixel

25 data in the target block according to the mode

information of the target block.

The invention also provides an image coding
apparatus that codes each block of a digital image
30 divided into a plurality of two-dimensional blocks, each
block having a plurality of pixels, said apparatus
comprising a coding mode determining section that
determines a coding mode for a target block to output
mode information of the target block; a mode information

35 coding section that outputs a codeword of the mode

information of the target block, the codeword being



The i mage coding systemin the present enbodi nent REPICACEMENTsSHEET ho
node judgnent section 1, nenory 101 that storeg ' [ a

out put from codi ng node judgnent 15 section 1 for{each 3&)& z%ag

out puts one-franme data t oget her, node data codi|n }3 hat
codes one-frame codi ng node data together to crne tp code wor

bl ock data coding section 3, nenory 103 6hat stores the code word

regarding the bl ock data for each bl ock and 20 out purs—epe—frare—dat=a
t oget her? af@teFMingdeaRpd on a cephiRatien ‘?%a‘fhﬁlﬂ‘?iiﬁl REQrpatiesde

107 1927 0 che car RCHIGUE SRACCRELRodt IndDengoronted Tegarding the
coded inagepnqmmﬂush&xﬁpdéd_blmbbaia@ the periphery of the target
block, the codeword being.assigned a shorter codeword
length when the coding mode for the target block is
10 numerically predominant ambng coding modes for the blocks
at the periphery of the target block, than when the -
coding mode for the target block is. numerically inferior
R among the coding modes for the blocks at the periphery of
the target block; and a block data coding section that
15 codes pixel data in the target block according to the

mode information of the target block.

The image coding apparatus may be such that said
coding mode determining section determines the coding
20 mode based on whether pixel values in the block are all

0, all 1 or other than all 0 and all 1.

The invention also provides a computer readable

recording medium with an image coding program stored

25 therein, said prodgram being executed by a computer to
execute procedures for coding each block of a digital
image divided into a plurality of two-dimensional blocks,
each block having a plurality of pixels, said program
comprising determining a coding mode for a target block

30 to output mode information of the target block; coding
the mode information of the target block using the mode
information of previously coded blocks at the periphery
of the target block; and éoding pixel data in the target
block according to the mode information of the target

35 Dblock.




25 one-franme codi ng node data; 112, the code worg—+egatgin
one-frame node data; 113, the code word regardin Cjﬂﬂ -SH
data; and 114, the coded i mge signa

of a digital input inmage. Th
codi ng systemin the present enbodi nent confi

29

bel ow
node |

15

20

25

30

35

i det
AJ]% (i) °§héh§n928 Kogta gg Eb%ﬁd%% a?c

10.

bl ock

§t 2@{" theji nage

above | s} ekpl ai ned
—t4—coding 5

Firstly, for digital inplut img

recording medium with an image coding program stored
therein, said program being executed by a computer to.
execute procedures for coding each block of a digital
image divided into a plurélity of two-dimensional blocks,

each block having a plurality of pixels, said program-

‘comprising determining a coding mode for a target block

to output mode information of the target block;. fetching
and outputting a codeword of the mode information of the
target block from a codeword table, based on a
combination of the mode information of the target block
and the mode information of previously coded blocks at
the periphery of the target block, said codeword table
having codewords determined based on the combination of
the mode information of the target block and the mode
information of the previously coded blocks at the
periphery of the target block; and coding pixel data in
the target block according to the mode information of the

target block.

The invention also provides an image coding method
of coding each block of a digital image divided into two-
dimensional blocks, each block having a plurality of
pixels, said method comprising the steps of determining a
coding mode for a target block to output mode information
of the target block; outputting a codeword of the mode
information of the target block, the codeword being
determined based on a combination of the mode information
of the target block and the mode information of
previously coded blocks at the periphery of the target
block, or a combination of the mode information of the

target block and temporary mode information replacing the



by coding mode judgment section 1 as in the case |REPLAEEMENT SHEET{‘

enbodi nent. The determ ned MODE (i,j) is stored rITTTeTnoTy 19 When
node data MODE (1,1), MXDE (1.2), MODE (2, 1), .}. ( 01 all the
pi xel blocks 10 corresponding to one frane are storgwghiﬁﬂpe mpde dat a
Is transferred to node data codi ng section 102 at| a-i.d Mode

data codi ng section 102 codes one-franme @ode data using t he c¢de word

table shown in FIG 11. The codin operati on ]
secti¢n 302 mosleexigl kg wraitiqm of nt ng*éi%t%]r?cgél 3y, the perlﬁﬁeﬁ/gaélrégﬁg Igodi ng

secti gn 102 has sh Lnp g}: Rdryt areneade ciode
data ¢f a pltlﬂréqeaﬁ Cb%?cww}qe%lagﬂ(‘:gsb%% %ac‘t 1|(:')\\,/\4thl %) hi sycoge vvordot abI e,
speci fii c an image; and coding pixel data in the target block

according. to the mode information: of the target block.

10 The invention alsc piovides an image coding method. - -
of coding for each block of a digital imagehdivided:into
two-dimensional blocks, eéch block having a plurality of

RN pixels, said method comprising the steps of determining a
coding mode for a target block to-output-modeuinformation

15 of the target block; fetcﬁing a codeword of the mode
information of the target -block from a codeword.table to
output, based on a combination of.the mode. . information of
the target block and the mode information of previously
coded blocks at the periphery of the target block

20 including temporary mode information as the mode
information of the blocks.at the periphery of the target
block when the blocks at the periphery are out-'of an
image, said codeword table having codewords, each
codeword being determined based on a combination of the

25 mode information of the target block and the mode
information of the previously coded blocks at the
periphery of the target block, or a combination of the
mode information of the target block and temporary mode
information replacing the mode information of the blocks

30 at the periphery of the target block when the blocks at
the periphery are out of an image; and coding pixel data
in the target block according to the mode information of

the target block.

35 The invention also provides an image coding

apparatus that codes each block of a digital image




code word is assigned to each of all pairs of 3 ki

REPLACEMENT SHEET( A, B,

C). Especially for conbinations of the sane o s (A A (B, and
(C,C, the code word length is designed to bqg rje ﬁé.h\f(&ty @?rgrtor t han
ot her conbi nat i ons. Now, suppose tHhat| ohe= rr% le |dat a
with the content as shown in FIG 12 is transflered—t+e—rode—dat a
codi ng section 102. Mode data i ® sequentjially extracted frqomthe
start

5 divided into two-dimensional blocks, each block having a

10

15

20

25

30

35

plurality of pixels, said apparatus comprising a mode
information determining section:that determines a: coding:

mode for a target block to output mode information of the

‘target block; a mode information coding section that

outputs. a.codeword of the mode information of the target
block, the codeword beingideterminéd based on-a -

combination of the mode information of the target block

-and the mode information of prewiously coded blocks at

"the periphery of the target block, or a combination of

the mode -information of the target block and temporary
mode information replacing the mode information of the
blocks at.the periphery of the target block when the
blocks at the periphery are out of an image; and a block
data coding section that codes pixel data in the target
block according to the mode information of the target

block.

The invention also provides an image coding
apparatus that codes each block of a digital image
divided into two-dimensional blocks, each block having a
plurality of pixels, said apparatus comprising a mode
information determining section that determines a coding
mode for a target block to output mode information of the
target block; a mode information coding section that
fetches and outputs a codeword of the mode information of
the target block from a codeword table, based on a
combination of the mode information of the target block
and mode information of previously coded blocks at the
periphery of the target block including temporary mode
information as the mode information of the blocks at the

periphery of the target block when the blocks at the



30

of the line 2 blocks at a tinme. In the cagEPkQCEkﬁﬁ%ésﬁtﬂi nmode

data will be coded two consecutive data itens in hori zontal {ifection
at atime in order of (AB), (B, B), and (AA). 0 IMAY MbG [L3A shows
the result of coding the one-frame node data|shown in FI G 12| uking the
code word table shown in FIG11. It is obseryable that the arep where

one
shorq
node
B=10,
cl eal

conbi nati on of the sane nodes appears after anot her cpnt ai ns
code words.. FIG 13B shows_the result of , 10 _coding the one-frane

dat 3 sPSHRIEH @49 Mt nof a2n imagexedatddeoderardabrelsubAvaaga-o,
C=1 agddewd¥is, ealRSE€o@iwdbPe PESHLOHSLEPHPALLSORsE428R! § AS

ly seen
Y combination of the mode information of the. target block

and the mode information of the previously coded ‘blocks
at the periphery of the target block, or a combination of

10 the mode information of the target block and temporary
mode information'replacihg the mode information of the
blocks at the periphery of the target block when the
blocks at the periphery are out of an image; and a block
data coding section that codes pixel data in the target

15 block according to the mode information of the target
block.

The invention also provides a computer readable

recording medium with an image coding program stored

20 therein, said program being executed by a computer to
execute procedures for coding each block of a digital
image divided into two-dimensional blocks, each block
having a plurality of pixels, said program comprising
determining a coding mode for a target block to output-

25 mode information of the target block; outputting a
codeword of the mode information of the target block, the
codeword being determined based on a combination of the
mode information of the target block and the mode
information of previously coded blocks at the periphery

30 of the target block, or a combination of the mode
information of the target block and temporary mode
information replacing the mode information of the blocks
at the periphery of the target block when the blocks at
the periphery are out of an image; and coding pixel data

35 in the target block according to the mode information of

the target block.



froma conparison of FIG 13A and FI G 13B, the nunbef bit.s—of -t he

code word of one-franme node data in the coding 15 MEMENT%EERE%M

invention is less than that in conventi onal cofi IO SYStTETS:
Mbde data code word 112 coded in this way is given
[ : On the other hand, the pixeljd téigrnnghg

section 104

20 is coded by block data coding sectionlB as in the

ijng
bl ock
e

first enbodlnent and the code word regarding the bl ock data ié stored
in menory3103 and organi zed into code word 113=Tegardrmg—the—btock

data cqrrespondi NGy 1nventfﬂﬁ'1 e{idd ep]%‘\?léié§n§n if®ge codir§eRethod

mul ti pllexi ng section 104

10

15

20

25

30

35

t1 pl exes code
of coding each block of a digital image divided into two-

dimensional blocks, each block having a plurality of
pixels, said method comprising the steps of determining a
coding mode for a target block to outpuf mode information
of the target block; selecting a codeword table from a. |
plurality of codeword tables based on a combination of
the mode information of previously coded blocks at the
periphery of the target block, said codeword tables
respectively being set corresponding to combinations of
the mode information of the previously coded blocks at
the periphery of the target block, and said codeword"
tables having codewords respectively determined
corresponding to coding modes available for the target
block where a codeword is assigned a shorter codeword
length when the coding mode for the target block is
numerically predominant among the coding modes for the
blocks at the periphery of the target block than when the
coding mode for the target block is numerically inferior
among the coding modes for the blocks at the periphery;
coding the mode information for the target block using
the selected codeword table; and coding pixel data in the
target block according to the mode information on the

target block.

The invention also provides an image coding
apparatus that codes each block of a digital image
divided into two-dimensional blocks, each block having a
plurality of pixels, said apparatus comprising a mode
information determining section that determines a coding

mode for a target block to output mode information of the



word 112 regarding the node data and code word 113 REWENBQSHEE&“ bl ock

data of the entire one frane and outjput s coded 1 magdq di gna
114. Thus, the third enbodiment stores the node glRhg 9401
one-frame pixel block in nenory before coding a plurfalfity of npde dat a

items collectively. In the code word table 5 to endqodé—a pruratt+ty-'off node
data itens collectively, 12

5 target block; a selecting section that selects a codeword
table from a plurality of codeword tables based on a
combination of mode information of previously coded
blocks at the periphery of the target block, said
codeword tables respectively being set corresponding to

10 combinations of mode information of the previously coded
blocks at the periphery of the target block, and said
codeword table having codewords respectively determined

N corresponding to coding modes available for the target
block where a codeword is assigned a shorter codeword

15 length when the coding mode for the target block is
numerically predominant among the coding modes for the
blocks at the periphery of the target block than when the
coding mode for the target block is numerically inferior
among the coding modes for the blocks at the periphery; a

20 mode information coding section that codes the mode
information for the target block using the codeword table
selected in said selecting section; and a block data
coding section that codes pixel data in the target block
according to the mode information of the target block.

25

The invention also provides a computer readable
recording medium with an image coding program stored
therein, said program being executed by a computer to
execute procedures for coding each block of a digital

30 image divided into two-dimensional blocks, each block
having a plurality of pixels, said program comprising
determining a coding mode for a target block to output
mode information of the target block; selecting a
codeword table from a plurality of codeword tables based

35 on a combination of mode information of previously coded

blocks at the periphery of the target block, said tables



shorter-code words are set for conbinations of the

LD

AT

(Fourth enbodi nent) 10 FIG 14 is a block di agr;

decodi ng systemthat relates to a fourth enbodinint of the prepeht
invention. In said figure, the sane signals as thosg | 0.39hixv200h FIG 1
and FI G 8 are assigned the sanme nunbers and t hgij expl anations} afe
omtted. 15 The i mage decodi ng syst®Em of thejjpresent enbodi nen
conpri segs de-nul tiplexing section 141 that separates—a _..£ode word
string |efar iSRPIHe lde RRIRY afRt acebrespeRrding toseppRinpE4andi R& t he

bl ock d

S

hta fWHEEhéégk¥hf%§m§%ioﬂngf the previously coded blocks at
the periphery of the target block, and said codeword

table having codewords respectively determined
corresponding to coding modes available for the target

10 block where a codeword is assigned a shorter codeword
length when the coding mode for the target block is
numerically predominant among the coding modes for the
blocks at the periphery of the target block than when the
coding mode for the target block is numerically inferior

15 among the coding modes for the blocks at the periphery:
coding the mode information for the target block using
the selected codeword table; and coding pixel data in the

target block according to the mode information cf the

target block.
20

Brief Description of Drawings



«dat a @lecodi ng section 142 that obtains node data from
that 4 REPEACERR TaSREED

'string regarding the node data, nenory 143

J

all bl ocks corresponding to one frame, and bl ock d<ta decodi g Secfion
83 that reproduces pi xel values froma code wordjs @% ﬁgﬁ@% J t he
bl ock data. 25 Mode data dggodi ng sectiop {142 has rd
tabl e shown in FIG 11 to decode the—code word of | t N TTode—data

coded by the inage coding systemin the third enbodi t.

e

10

15

20

25

the mode data, thus improving coding efficiency.

The image coding apparatus of the fifth invention
is an image coding apparatus that, when coding thg mode
data, predicts the coding mode of a block to be coded
from the mode data of already coded peripheral blocks
and switches a probability model that specifies
appearance probability according to the hitting ratio
of prediction.

'.l‘he. image decoding apparatus of the sixth invention
is an image decoding apparatus that, when performing
arithmetic decoding of mode data,.predicts the coding
mode of a block to be decoded from the mode data of a_l'ready
decoded peripheral'blocks and switches a probability
model that specifies appearance probability according
to the hitting ratio of prediction.

The fifth and sixth inventions can perform
arithmetic coding/decoding by predicting a coding mode
and adaptively switching to a probability model for which
a coding mode with high appearance probability is set,
thus improving coding efficiency.

The recording medium of the seventh invention is
a computer recording medium that stores the program data
that implements at least one of the image coding
apparatus/image decoding systems that relate to the

first to sixth inventions.

Brief Description of Drawings



82 - Mde data decoding section 142 decodes the cod ENT SHEPE
fode data using the code word table in FIG 11. TheoperatTon qf
t he i mage decodi ng systens in the fourth enbodi ne 'coeg%ﬁ¥&eﬂxﬁbcve
i s expl ai ned bel ow. 5 Firstly, de-mnultiplexing |sgct 1 cdi Jes
coded signal 114, separates and out puts 1goded signal 114 to-t-he _code
word string regardi ng the node data of -att bl ocks jcorresponding to ?ne
frame and the code word string regarding the bl ock dat a of~each—bteik.
10 Mbde data decodi ng section 142 decodes the code mq&d of the
mode data into nddeS dhthsSof Pheck ddagramt ghggimage (GRALPFESNFECMb| e

in FIG 11 in a procedure osjte
thatprelates %%)tﬁe first embodiment of the present

invention:
FIG.2 is a functional block diagram of the mode data
5' coding section provided in the image coding system in

the first embodiment;

FIG.3 is a configuration diagram of the code word

table prediction table contained in the mode data coding
) section;
10 FIG.4 is a diagram showing how a frame image is

divided into sections; .
FIG.5 is a diagram showing the coding modes of a
block to be coded and peripheral blocks:;
FIG.6 is a diagram showing the pixel value status
15 of each block in one frame;
FIG.7A is a diagram showing code words when the
~ blocks shown in FIG.6 are image-coded according to the
present invention;
FIG.7B is a diagram showing code words when the
20 blocks shown in FIG.6 are image-coded according to a
general coding system:
FIG.8 is a block diagram of the image decoding
system of the s_egqnd embodiment of the present invention;
FIG.9 is a functional block diagram of the mode data
25 decoding section provided in the image decoding system
in the second embodiment;

FIG.10 is a block diagram of the image coding system



to-the -coding procedure in the third enbodi nent. Mde
by node data decoding section 142 is 15 stored in ne
one-frame data is output together to bl ock data
The node data of all blocks within one franme decoded
decodi ng section 142 is stored in menor\ib 143 and
of the block to be reproduced 20 is given to block
83 in accordance with a request from bl ock data

Lastly, block data decodi {ion 83 N d a4
rgzaréi ng t%rcfe ﬁ%gﬁg‘gg‘gl gﬁ'b’ts‘ﬁ‘illl?gg'& °£e%%§/e€’6§§ﬁ“cﬁc10¥>&$’{€}§n§epar at ed

and output by depy 25, ; npLt el g Segk Ofh Y ag0dale L MR Wdra) ©f

ecodi ng section §

table provided for the image coding system in the third
embodiment; .

5 FIG.12 is a diagram show\ing an example of the pixel
value status of each block wgth respect to an image to
be coded:

FIG.13A is a diagram showing code words when the

), block in FIG.lZ is image-coded according to the present
10 invention;:

FIG.13B is a diagram showing code words when the
block in FIG.12 is'imagg-coded according to a general
coding system;

FIG.14 is block diagrém of the image decoding system

15 that relates to the fourth embodiment of the present
invention;
— FIG.1l5 is a conceptual diagram of the arithmetic
coding method;

FIG.16 is a configuration diagram of the appearance

20 probability table used in the fifth embodiment of the
_present invention; |

FIG.17 is a schematic view of the recording medium
that stores the image coding/decoding program that
relates to the sixth embodiment of the present invention,

25 land
FIG.18 is a schematic diagram of the network that

distributes the image coding/decoding program of the



-bl.ock out put from nmenory 143 and reproduces and outputs_ pi xel val ues

*in the block in accordance with MODE (i,]).
33 _ Furthernore, an appropriate sorting Ip A N@%HESHEET
not shown in the figure reproduces the digital inage si gnal by]

sorting the pixel values for each bl ock ¥ut put I
5 In the third and fourth enbodi nents above, npdg
of two continuous pixel blocks were coded together,

tM3 MR 9| of der.
dat a

tens

present invention.

Best Mode for Carrying out the Invention
With reference now to the attached drawiﬁg;. the
5 embodiments of the present invention are explained in
detail below:
(First embodiment)
FIG.1l shows a block diagram of the image.coding
} system that constitutes the first embodiment of the
10 present invention. The image coding systeﬁu shown in said
figure comprises coding mode judgment section 1 that
outputs the coding mode data which indicates the.doding
mode of a pixel block to be coded, mode data coding section
2 that generates mode data code words using a éode word
15 table which will be described later, block data coding
section 3 that generates a code word for the pixel value
. within the pixel block, and multiplexing section 4 that
generates.a coded image signal by multiplexing the code
- word regarding-the mode data and the code word regarding
20 the pixel value data. Here, code 11 indicates a pixel
value signal of a block ofaxdigitél inpuf image divided
by the block division block which is not shown in the
figure; code 12 indicates the coding que_ﬂata of_tpg_
pixel block; code 13 indicates the code word regarding
25 the mode data; code 14 indicates the code word regarding

the block data; code 15 indicates a coded image signal

of the digital input image divided into blocks.



xel

but it.-is also possibte to encode node data itens pi-X

bl ocks together. Further, a plurality of continuo A&JHWENi gggﬁﬁ '
hori zontal direction are 10 coded, but it is als¢ 055|ble to entode a
plurality of cont i nuous plxel bl ocks in verticgalgdi to) o
conti nuous pixel blocks in two-dinmensi orﬂ&l directi png gMﬁthgth er. This
requires a code word table correspondlng to]t

bl ocks to be coded toget her. 15 (Fi fth enpodi nent)

the code wor d taBl & SROMOME the FURFL U8ppa-p1odR GRRe T ERE I e

possi bl e t%olgee &é@grc‘&%d‘& section 2. As shown in FIG.2, mode data
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coding section 2 comprises mode data storage section 21
that stores coding mode data, mode data _re_ad seétJ:.on 22
that reads coding mode data of blocks peripheral to the
block to be coded, code word table prediction table 23
consisting of a plurality of code word tables, code word
table selection section 24 that selects the optimal code
word table, and coding section 25 that codes mode data
based on the code word table.

FIG.3 shows an actual example of code word table
prediction table 23. It is designed that the codlng
efficiency may be improved by adjusting a comblnatlon
of the mode data of the already coded peripheral blocks
and a plurality of code wofd tables which contain
different coding patterns.

The operation of the image coding system configured
above is explained below:

Firstly, the digital input image, as shown in FIG. 4,
constitutes form information that indicates the form or
the ratio of synthesis of a normal éolor signal or object
wherein one frame is configured from horizontal M pixels
and vertlcal N 1ines. The one- frame dlgltal 1nput 1mage
:|.s.- ;l:-n;lded into a plﬁrallty of pixel blocks made up of
horizontal m pixels and vertical n lines by the block

division block which is not shown in the figure. Pixel

value signal 11 of the resulting pixel blocks is input

The
i ng
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techni ques such as arithnetic coding technique. REPLAC -
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~“i mage codi ng/ decodi ng systemthat rel ates to a
node data codi ng secti on/ node
codi ng/ decodi ng usi ng an
probability 25 nodels used for arithpetic codi ng/ d¢cading by predi ¢t
val ues of the node data of the block td be coded/ decoded. The
configuration except the node data coding
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to coding mode judgment section 1 and block data coding

section 3.

Coding mode judgment section 1 determines Fhe
coding mode of that pixel block f£from the pixel value data
of the pixel block at position (i, Jj) (hereafter described
as POS (i,3j)). In the case of a normal color signal, the
presence or absence 6f movement correction and the
presence or absence of quadrature conversion coefficient
are determined, and in the case of a form signal, the
presence or absence of a significant form is determined.
In the case of a binary image signal, there can bg.three
statuses: (A) all pixels in the block are black pixels:
(B)all pixels are white pixels; (C) black pixels and
white pixels ére_ mixed. Therefore, there are three coding
modes A, B, and C corresponding to three statuses,
respectively. The coding mode of the pixel block at POS
(i.j) is described hereafter as MODE (i,j). Coding mode
judgment section 1 outputs determined MODE (i.3) to mode
data coding section 2 and block data coding section 3.

Mode data coding section 2 selects the code word
table corresponding to MODE (i,j) from fhe code word

table prediction table shown in FIG.3 to generate a code

word regarding the mode datat

The method of coding the mode data is explained in
detail below:
In mode data coding section 2, supposing that the

coding mode of the pixel block now to be coded is MODE



-sectilon/ node data decoding section is the sane as the REPLnau,

“enbodi ment s. In arithmetic coding, the data

i s mapped on a probability nunber |ine divided accorditng

appear ance probability of dom nant synbols and |$fr

their positions are expressed in b#thary poi nt value P
code series. FI G 15 shows a conceptual diag an1of arlthnetlc ?
coding. 10 This figure presents a case where data sertes—S= '

(0o I et Frbs i HesFall £8 bRb LG ROBY 10°5y) £roi ehiskigy of
modes MODE (i-1,j). MODE (i-1,j-1) and MODE (i,j-1) of
the already coded pixel blocks (POS (i-1,j-1), POs
(i,3j-1), POS (i-1,j)) peripheral to the pixel Block at

5 POS (i.j) as shown in FIG.S5.
That is. when there are three doding modes A, B,
o and C. in the case that MODE (i-1,j)., MODE (i-1,3j-1).
and MODE (i,j-1) are all A, there is a high probability
I that MODE (i,j) will also be A.

10 In typical conventional mode data coding, a
specific code word is provided for each of coding modes
A, B and C and a code word is assigned accordiqg to the
coding mode determined. That is, only one set of the code

- word of coding mode A, code word of coding mode B and

15 code word of coding mode C is prepared beforehand (code

word table) and the code word for the correspohding

\, coding mode is extracted ané output. In addition to that,
the length of each code word is fixed at the same length
(numbe_r of bits).

20 As shown in FIG.3, in the present invention, a
plurality of code word tables are providéd in the code
word table prediction table and some specific code word
tables include code words of a short code word length.
in.the cé#e'that the coding mode of blocks peripheral

26 to the block to be coded is inclined toward a specific

mode, there is a high probability of the block to be coded

being the same as the specific mode, and thus the code



probabitlity of "1". The position of "C' on the " probability nunber |ine
indicates the code corresponding 15 to data stri ng‘R@LAGBMENTI‘S rNg,
[ UfF~€5= in

code "C' is determ ned by the follow ng coding

rul es> When data is O (dom nant synmbol) 20 C + A * j A
* P Wien data is 1 (inferior synbol)21 A< AfF ©3MAY 2061 /-} i s
an which indicates the range of the 25  existence pficodes and -
corresponds to the hatching area : , ﬁ

word of the specific mode is set shorter than thHé code
word of other coding modes.
To be concrete, in the case that the coding mode
of the peripheral blocks is inclined toward A, fh; code
5 word of coding mode A is set to "0" (code word length
= 1 bit); the code word of coding mode B is set to "10"
(code word length = 2 bits); and the code word of coding
mode C is set to "11" (code word length = 2 bits). In
"y the case that numerous B’s are included in the coding
10 mode of the peripheral blocks or in the case that numerous
C’s are included in the coding mode of the peripheral
blocks., the code word length of the respective dominant
coding modes is set shorter.
Mode data coding section 2 stores the mode data sent
15 from coding mode judgment section 1 in mode data storage
section 21 to make it easy to acquire the coding mode
~— information of the blocks peripheral to the block to be
coded. The mode data of the pixel block is stored in the
position correspondin§ to said block within one frame.
20 When block position POS (i.j) of the -block to be
coded is input, mode data read section 22 reads coding
modes MODE (i-1,j), MODE (i-1, j-1), and MODE (i.,j-1)
at block positions POS (i-1,j-1), POS (i,j-1)., POS
{i-1,j) £from mode data storage section 21 and gives them
25 to code word table selection section 24.
Code word table selection section 24 selects the

code word table set¢in association with a combination



I n. FI.G: 15. Appear ance probabilities P and Q ar Bpimi€: rvon sronm

35 probability nodels and correspond to the code QM.SHEET
A conventional arithmetic coding technique often uses fixed
probability nmodels. If three kinds of data itens A, BUS‘HQYCZG’me
coded/ decoded as shown in the enbodi nen22 5 above, thrjeq types of
appearance probability are al so Tequi red.

that matches the combination of coding modes MODE (i-1.j),.
MODE (i-1,j-1), and MODE (i, j-1) of the peripheral blocks
from code word table prediction table 23. For example,
in the case that the coding modes of the peripherai blocks
5 are(A,A,A), (A,A,B), (A,A,.C), (B,A,A), (C,A.R7), (A,B,R),
or (A,C,A), the code word table of (A=0, B=10, C=11) is
selected. The example above is the case where coding mode

A of the peripheral blocks is dominant. In the case that

coding mode B of the peripheral blocks is dominant, the -

10 code word table of (A=10, B=0, C=11) is selected, and
in the caée that coding mode C of the peripheral blocks
is dominant, the code word table of (A=10, B=11, C=0).
is selected. The code word table selected according to
the mode statuses of peripheral blocks is given to coding

15 section 25.

Thus, the present invention allows the code word

— table used for coding of mode data to be switched
adaptively according to the coding mode statuses of
peripheral blocks.

20 Coding section 25 codes the mode data of the block
to be coded based on the selected code wofd table. Now,
in the case that the coding mode input from coding mode
judgment section 1 is A and the code word table input
from code word table selection section 24 is (A=0, B=10,

25 C=11), code word = 0 is output.

Therefore, in the case that blocks peripheral to

the block to be coded includes a dominant mode and the



"“The present embodi ment perfornms arithnetic codi ng/

probability nodel table in which a plurality of probabil EETo
No3) are set 10 as shown in FIG 16. The probability nodel] table TS a

tabl e show ng the correspondence between a conbin tionog’f AY . 200
nodes of a plurality of pixel blocks and2drobability no é* gs |h he
case of the code word table prediction tabl e sho (g

conbi nati on of nodes is the 15 sane as that shown in FIG 3 and is not
e

1051120l e ene paBlk HoMPRla QU TIEE AU SREaRIG ITE mode

conbi nati on ce proba y of each node maki ng up

t he prqpﬁp'l' mgd | S Set, .l a way that if there are
nuner ous sgecﬁ |c{:m§§\eés ing%ge%éerb&del?ﬁgeg ocks, the

Suppose that the coding mode status of each pixel

block of a frame image is as shown in FIG.6. If t;he' code

5 word table can be changed adaptively according to the
coding mode statuses of peripheral biocks as in the case
of the present invention, the code word length of the
hatched block in FIG.7A becomes shorter, and thus the

o coding efficiency can be improved. On the other hand,

10 in the case that a frame image as shown in FIG.6 is coded
using the code word table with only one set of (A=0, .B=10'
C=11) fixed, the coding result will be as shown in FIG.7B.
It is observable that the coding efficiency is reduced
compared to the code:word shown in FIG.7A.

15 If Aor B is input as the coding mode regarding the
pixel block at POS (i,j) from coding mode judgment

~— section 1, block data coding section 3 stops coding of

the pixel value of the block to be coded. This is because
in the case of coding modes A and B, all pixels in the

20 block are black or white and therefore decoding of the
pixel block is possible with only the mode data. In the
case of coding mode C, the pixel value of the block to
be coded is coded and the code word regarding the block
data is output.

25 Multiplexing section 4 multiplexes the code worad
regarding the mode data with the code word regarding the

block data to output a coded image signal.



20 dppearance probability for those nodes is relatively

REPLAGHMENT SHEET

When a fixed probability nodel is used, the code wor d ljengt h of
inferior synbols becomes |onger, and therefore in the dasg 3hay 2001
i mge that contains 25 numerous inferior synbols is coded, |the codi ng
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As seen above, the present embodiment provides a
plurality of code word tables to convert individual mode
data to a code word in association with the coding mode
statuses of peripheral blocks and assigns shoft code
words to a dominant mode prevailing in the peripheral
blocks, thus allowing the code word tables to be switched
adaptively according to the coding mode statuses of
peripheral blocks.

On the other hand, instead of handing over the
content of the code word table selected by code word table
selection section 24 to coding section 25, it is also
possible to notify only the number of the selected code
word table to coding section 25 so that coding section
25 may incorporate the content of the code word table

specified with a number from code word table prediction

table 23.

(Embodiment 2)

FIG.8 is a block diagram of the image decoding;
system that relates to the second embodiment of the
presént invention. In said figure; fhe séme signals as
those in the first embodiment shown in FIG.1l are assigned
the same numbers and their explanations are omitted here.

This image decoding system comprises de-
multiplexing section 81 that separates the code word
regarding the mode data and the code word regarding the

block data from the coded image signal, mode data
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of the pixel block from the code word regarding the mode
data, anc.l block data decoding section 83 that reproduces
the pixel value within the pixel block in the ‘mode
indicated by the reproduced mode data.

FIG.9 is a functional bloc]g diagram of mode data
decoding section 82. Mode data decoding section 82.
comprises decoding section 91 that decodes the code word
of the mode data, mode data storage section 92 that stores
the mode data of the decoded pixel block., mode data- read
section 93 that reads the stored mode data, cod_e word
table prediction table 94 that combines the mode statuses
of peripheral blocks viewed from the block to be decoded
and code word tables, and code word table selection
section 95 that selects a code word table.

If the code word of the mode data coded by mode data
coding section 2 in the first embodiment is decoded by
the image decoding system in the present embodiment, it
is necessary to use code word table prediction table 94
with the same content as that shown in FIG.3.

The operation of the image decoding system in the
second embodiment configured as shown above is now
explained below.

| Firstly, de-multiplexing section 81 separates
coded image signal 15 into code word 13 regarding the
mode data and code word 14 regarding the block data. Code

word 13 regarding the mode data is input to mode data



‘equi val ent to codi ng node judgnent section 1, a fu PPRC n’tﬁTS Tal ent
to bl ock data codi ng section 3, a function ed i o Bt pl exi ng
sections 4 and 104 and an exi sting node data|cqding functionj it is
al so possi bl e to replace the program i npl enent ijngOROMAY d2i0d ¢odi ng
sections 2 and 102 by anot her program i_ﬁ@_errenti ng |a 20 _existimg|node
data coding function. In this case, only t he |program i npl enent ifng
node data codi ng sections 2 and 102 or the pri j '

Program r egh aolENy sacé:iBhOWFiﬁﬁiil% t08edvwdrd lacarelgagdinng uthend

carri ed. 17 shows a floppy disk as an exanpl e of 25 .

;ecordi Ng pedcikNdata is inpukhtihilesRodaditdesodinpyysedictidon BBawn as

Upon receiving code word 13 regarding the mode data,
mode data decoding section 82 reproduces coding mbd_e data
5 12 of the corresponding block from code word table
prediction table 94.
| With reference now to FIG.9, the operation of mode
data decoding section 82 is explained. After decoding
™ section 91 decodes the code word of mode daté, the decoded
10 mode data is written to the corresponding pixel block
pbsition of mode data storage section 92.
In mode data read section 93, position infoz:triation
within one frame of the block to-be decoded is input.
' Mode data read section 93 reads the mode data of the
15 decoded blocks peripheral to the block to be decoded from
mode data storage section 92 based on the position
information of the block to be decoded and inputs it to
code word table selection section 95..
Code word table selection section 95 extracts the
20 same code word table as the code word table at the time
~of coding from code word table prediction'table 94 based
on the mode data statuses of the blocks peripheral to
the block to be decoded. The code word table extracted
from code word table prediction table 94 is handed.over
25 +to decoding section 91.
Decoding section 91 decodes the code word regarding

the mode data of the block to be decoded using the code
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| i kew se. Furthernore, as a nethod of downl i ng the progrian
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programfroma server device to a term devi c la the Internet
ot her conmmuni cati on network as showh—i n FI G 18. '
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word table handed over from code word table selection
section 95.

For example, supposing that the block to be decoded
by mode data decoding section 82 is a block at Poé (i.3).
MODE (i-1,3j)., MODE (i-1,j-1)., and MODE (i, j-1) shown in
FIG.5 have already been reproduced, and it is possible
to correctly reproduce the coding mode of the block MODE
(i,j) from the code word regarding the mode data coded
in the first embodiment by switching the code word table
from the statuses of modes MODE (i-1,3j), MODE {(i-1,3j-1),
and MODE (i,j-1) according to FIG.3. '

The decoded mode data is stored in mode data storage
section 92 and at the same time input to block data

decoding section 83.

Block data decoding section 83 receives code word
14 regarding the block data and reproduces digital pixel
value signal 31 within the block and outputs it by
performing.decoding processing corresponding to the
coding mode shown in coding mode data 12.

In the first and second embod:‘_.ments above, the mode
data of three éeripheral blocks was used 'to predict the
mode data of the block to be coded, but it is also possible
to increase the number of reference blocks.

The embodiment above describes the case where there
are 3 kinds (A, B, C)} of mode data, but it is also possible
to apply the similar processing to more statuses.

Combining the image coding system in the first



‘The piesent invention is not linmted only to the al :
enbodi nents, but can be nodified in 10 various ways asREELgEg&HﬁﬂggH El
not deviated fromthe pur pose of the present inventi on and those afe

i ncl uded in. the range of the present invention. 0 JcMAY ra0st
Applicability 15 As described abovZ§ the present fifvention is usgfpl
for inmage codi ng systens or inage decodlng systens which pertorm
codi ng or decoding by dividing a digital inmage i nt a-hl ocks and

sever ot 1 Shgeks R PO 70 BLR aocoalils, £95 8B A0 ORL sanbal oo

to i nproving frci S regarding to
coding Mdgphodiment will allow a coding/decoding system to be

implemented.

5 (Third embodiment)
FIG.10 shows a block diagram of the image coding
__ system that relates to a third embodiment of the present
~ invention. In said figure, the same functional b;ocks
~'f} and same signals as those of the system shown in FIG.1
10 are assigned the same numbers and their explanations are
omitted.

The image coding system in the present embédiment
comprises coding mode judgment section 1, memory 101 that
stores coding mode data output from coding mode judgment

15 section 1 for each block and outputs one-frame data
together, mode data coding section 102 that codes
s one-frame coding mode data together to create code words,
block data coding section 3, memory 103 that stores the
code word regarding the block data for each block and
20 outputs one-frame data together, and multiplexing
section 104 that multiplexes the cbde word regarding
one-frame mode data with the code word regarding the
block data of each pixel block within the same frame to
generate a coded image signal. Code 111 indicates
25 - one-frame coding mode data; 112, the code word regarding
one-frame mode data; 113, the code word regarding

one-frame block data; and 114, the coded image signal



-and cbding the input images with fewer bits.

38 5 CLAI V5 1. An i

of coding each bl ock of a digital inmage divided intof a
t wo- di nensi onal bl ocks, each block having a pluralit

10 met hod conpri si ng: determ ni pg a codi ng node |f
to out put node information of the target bl ock;

node information of the target bl ock usi ng the node

preyiously'coded bl ocks at 15 . the periphery of the target bl ocK—ar -
codi ng pi x&F dat $1gdi kb LRPRY g‘“@@@accordi ng to the node information

of thetargm:bl%ﬁ% operation of the image coding system in the

present embodiment configured above is explainedf?eloww
_ Firstly, for digital input image signal 11, coding
5 mode MODE (i, j) of the block at POS (i,j) is determined
by coding mode judgment section 1 as in the case of the
first embodiment. The determined MODE (i, j) is stored
in memory 101. When mode data MODE (1,1), MODE (1.2),..
D MODE (2,1)... MODE (X,Y) of all the pixel blocks
10 corresponding to one frame are stored, all the mode data
is transferred to mode data co_ding. section 102 at a time.
Mode data coding section 102 codes one-frame mode
datausingthecodewordtableshowninETG.li.Thecoding
operation of mode data coding section 102 is explained
15 1in detail below.
Mode data coding section 102 has a code word table
e (shown in FIG.11l) to encode mode data of a plurality of
blocks collectively. In this code word table, a specific
code word is assigned to each of all pairs of 3 kinds
20 of mode (A, B, C). Especially for combinations of the
same modes (A.A) (B,B), and (C,C), the c&de word length
is designed to be rélatively shorter than other
combinations.
Now, suppose that one-frame mode data with the
25 content as shown in FIG.12 is transferred to mode data
coding section 102.

Mode data is sequentially extracted from the start



2. An I mge codi ng nethod of coding each bl ock of a RER GE&ENWB&}%ET]T’

divided into a plurality of two-dinensional 20 bl ocks, } €ac ng
a plurality of pixels, said nmet hod conprising : %ﬁk?gaq gla
codi ng node for a target block to out put node i nfor rat|09 hell 5 get
bl ock; fetching and outputtimp a codeword of thé

information of the target block from a codeword table, based on a

conbi nati on of the node information of the target bl ock an

i nf or mat i on, of evisousl blocéé.ﬁnttﬂpmlg & OF Fistanget
bl ock, sai P g \i&% 4.5 Pt'q%aw ng co w%rds eac eword of sal gg
codewor d 3Go4gb é%.?'e?ﬂlqet@é PogRd UbhHecu¥ N 82hath Oi tidifs in
node |nfornat§onkﬁ# t he targetn%P%%k t he nodg I nformati on of the

previ ously pded ke ftettdon afeealtpbﬁeylﬁf orldex FHEA PBICK (BB) ,

coding pixel data in the target bl ock according to 35 the node i -nf or nat i on

of the targaiab(ack). 3. An i mage codi ng nmet hod of codi ng each bl ock
of a digital image divided into a plurality of two-dinmensiona
5 FIG.13A shows the result of coding the one-frame

mode data shown in FIG.12 using the code word table shown
in FIG.11l. It is observable that the area where one
- combination of the same modes appears after another
M contains short code words. FIG.13B shows the result of
10 coding the one-frame mode data shown in FIG.12 using a
fixed code word table such as A=0, B=10, C=1 as in the
case of the previous comparison example. As clearlj( seen
from a comparison of FIG.13A and FIG.13B, the number of
bits of the code word of one-frame mode data in the coding
15 system of the present invention is less than that in
conventional coding systems.
Mode data code word 112 coded in this way is given
to multiplexing section 104.
On the other hand, the pixel data of the pixel block
20 is coded by block data coding section 3 as in the case
of the first embodiment, and the code‘woré.regarding the
block data is stored in memory 103 and organized into
code word 113 regarding.the block data corresponding to
the entire one frame.
25 Then, multiplexing section 104 multiplexes code
word 112 regarding the mode déta and code word 113

regarding the block data of the entire one frame and



39 5. blocks, each block having a plurality of pixels, said met hod

conpri si ng: determ ning a codi ng node for artasget-hblack to

out put node information of the target bl ock; RH[’];A;CLEM SHE ’L

codeword of the node information of the 10 target bl ok i ng

determ ned based on a conbi nati on of31t he node i nfpr matd':gn of the r get

bl ock and the node information of previously codef bl StRMAY: 206ic

peri phery of the target block, the codeword bei ng ass) ghed a_shorijt

codeword | ength when the_codi ng node f 15 targef ally

pr edoni nan?ugmhﬁscﬁdﬁqﬁdnﬁﬂgge 519f‘ato“rneigﬁocks at t e

target bl ock than hen ¢ odi de for _t a Kl

nunerical ly e S %}‘%15&31' gmg%ﬁégst%?e%hrggﬁ gﬁ%&ag[ih?:hae of
rget

b ock aceoPBed Fome BLEgd iR ArRemeTy HFEPRS PoEndY pudrhlay

The

wherein th

erm ne ase

| nCnatcBndy) uha reef e Red gy dly 71, B opdd MBalrhbik

et her pixel val ues

the bl ?)Ck @Beeﬂéoge 9.' bljuf’élity of mode data items collectively,
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shorter code words are set for combinations of the same

mode data.

(Fourth embodiment)

FIG.14 ié a block diagram of the image decoding
system that relates to a fourth embodiment of the p_re'sent
invention. In said figure, the same signals as those
shown in FIG.1 and FIG.8 are assigned the same numbers
and their explanations are omitted.

The image decoding system of the present embodiment
comprises de-multiplexing section 141 that separateé a
code word string regarding the mode data and a code word
string regarding the block data from a coded signal, mode
data decoding section 142 that obtains mode data from
a code word string regarding the-mode data, memory 143
that stores mode data of all blocks corresponding to one
frame, and block data decoding section 83 that reproduces
pixel values from a code word string regarding the block
data.

Mode data decoding section 142 has a code word table
shown in FiG.ll to decode the code word of the mode data

coded by the image coding system in the third embodiment.

in



.25 other than all 0 and all 1. 5. An i mage codirjphﬁﬁﬁm_s

O

codes each bl ock of a digital imge divided into afplfurartrty—ef—a

di mrensi onal bl ocks, each block having a plurality of pidésl% sai d ;
apparatus conprising: 30 a codi ng node determ ni hgt seti A8} |
determ nes a codi ng node for a targgt bl ock to out pui‘—ﬁede-i-n.t.QLﬂti-‘ n
of the target bl ock; a nod formation codi ng section that
codes the node information of the target bl ock using €

informati on of previously coded bl ocks at the per] pherl\{ of t he _t arget
bl ock; angMode data decpdidkd Be&tdRn rtdcleradahatneoFodsiweFdy of

40
the mode data using the code word table in FIG.1ll.

The operation of the image decoding systems §:n the
fourth embodiment configured above is explain_ed below:
5 Firstly, de-multiplexing section 141 receives
coded signal 114, separates and outputs coded signal 114
to the code word string regarding the mode data of all
blocks corresponding to one frame and the code word
"'_‘,; string regarding the block data of each block.

10 Mode data decoding section 142 decodes the code word
of the mode data into mode data of two pixel blocks using
the code word table in FIG.1ll in a procedure oppbsite
to the coding procedure in the third embodiment. Mode
data 111 decoded by mode data decoding section 142 is

15 stored in memory 143 and its one-frame data is output
together to block data decoﬁing section 83.

~ The mode data of all blocks within éne frame decoded
by mode data decoding section 142 is stored in memory
143 and mode data MODE (i, j) of the block to be reproduced
20 is given to block data decoding section 83 in accordance
with a request from block data decﬁding section 83.
Lastly, block data decoding section 83 receives
code word string 14 regarding the block data of the block
at position POS (i,j) separated and output by de-
25 multiplexing section 141 and mode data MODE (i, j) of the
block output from memory 143 and reproduces and outputs

pixel values in the block in accordance with MODE (i, j).



5. tRe- target block according to the node informatio Aot
bl ock. . 6. An i mage codi ng apparatus that codes|" (ﬂﬁggquﬂiﬂfr
digital image divided into a plurality of two-dinmensj gna

bl ock having a plurality of pixels, said 10 appar

a codi ng node determ ning section that @&3termnes a codi ng node{fqr a
target block to output node information— of the tlarget DI OCK:
a codeword tabl e containing codewords, each codewor 5-.hbejing determjned

. Lo i h b . : . -

L%E‘E:Sﬁhat ;hi“n%“aéﬁt%e%?xnp'a%ﬁ;h"rﬂ#’ée%%s@a@g”?%&hﬁ&é’# e dhaalf 1879
eri phe t t t bl ock; ' ' '

_Eefct Con zoﬁ?r?mﬁoi%{ﬂt%& S dhmeomeRF oAt Rtubhe FLIRE LAY

i nformation t tacaet bl ock. I [

corbi nat | ontgpatexaer FARY HRE FLsp L kA Ted FEY R dph B1o K TaR et Ne

I nformati Ofggfthoé e¥£85{§{)j?’n§ﬁg§dq@£9(3ks at the peri phery of the target

apro a

bl ock, and a coding section that codes pixel data in

the tagget bl OCkaﬁCPRédﬂﬂﬂrhoahlaﬁf@ﬁ%d% R SRLneh 16 db¥ve , mbaelah th ock.

7. An image coding apparatus that codes each block of a digital inmage
divi ded inj pemmP by ol ¥odit iNGodisBARLNY10cks were coded together,

but it.is also possible to encode mode data items of
numerous pixel blocks together. Further, a plurality of
”'? continuous pixel blocks in horizontal direction are
10 coded, but it is also possible to encode a plurality of
continuous pixel blocks in vertical direction or.
continuous pixel blocks in two-dimensional directions
together. This requires a code word table corresponding
to the combination of blocks to be coded together.
15
(Fifth embodiment)
~— The first to fourth embodin.lents above describe
coding of mode data using the code word table shown in
FIG.3 or FIG.4, but it is also possible to use other coding
20 techniques such as arithmetic coding technigue.

In the image coding/decoding systeﬁ_that relates
to a fifth embodiment, a mode data coding section/mode
data decoding section performs coding/decoding using an
arithmetic coding technique and switches probability

25 models used for arithmetic coding/decoding by predicted
values of the mode data of the block to be coded/decoded.

The configuration except the mode data coding



30 b7_l ocks, each block havi ng a plurality of pixels, RQLACE us
conpri si ng: a codi ng node determ ning sectidgn a

codi ng node for a target block to output node infornatjig

_ n of the tra get
a mode information coding section thdt [oudSMAY 2001

bl ock; 35

codeword of the node information of the target block, [th codewor
bei ng determ ned based on a combi nati on3& the

41 5 node information of the target bl ock and the node HAforumt i onl of
previ ously coded bl ocks at the periphery of the target block, th
codewor d beewdt benipode adait@ tdecoding ogemdirn eh§t FRPefaMi 28di nmode
for the target bl ock is nunerically predom nant anong codi ng nodes for
t he above-mentioned embodiments.
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In arithmetic coding, the data series to be coded
is mapped on a probability number line divided according
to the appearance prébability of dominant symbols and
inferior symbols and their positions are expressed in
binary point vaiues and output as code.series.

FIG.15 shows a conceptual diagram of arithmetic
coding.

This figure presents a casé where data series S=
{010011..} is coded with "P" indicating the appearance
probability of "0" and "Q" iﬁdicating the appeafance
probability of "1". The position of "C" on the
probability number line indicates the code corresponding
to data string "S”. In such coding, code "C" is determined

by the following coding rules.

<Coding rules>
When data is 0 (dominant symbol)
Ce C + A * Q
A €< A * P
When data is 1 (inferior symbol)
A A*Q
"A" is an which indicates the range of the
existence of codes and corresponds to the hatching area
in FIG.15.

Appearance probabilities P and Q are the



10 biocks at the peri phery of the target bl ock, tha1REBkACEMEmH‘SHEEm ng
node for the target block is nunerically inferior anong tne—Ttod] n
nodes for the bl ocks at the periphery of the targe
a block data coding section that codes pixel data in}1lp q#ﬁﬁhﬁ'iggl | bck
according to the node information of thegs target pl ock | mage
codi ng apparatus according to any one of—™ clains b to 7, mhereln saj d
codi ng node det erm ni ng section determ nes the coding node based—on

shet her Bl bebuabs ¥25YSolla el Qe A8 pilda G Bhle dofle GbBY rlfiffed! O

and all 1. onputer cordln Fumw

codi ng progr ey e ro

comput er tg gxeétﬁ procedu%rlgg't?ﬁll"g %{g@g%c B'?%%Eﬁg-gf fOftegygﬁfﬁs

i mage  dividgda 'ﬁ&bamﬂwalnb%lgf xt.eW%ree HiTR$| SPalatl P ke entifiCh

bl ock having a plurality of pi xel s, said program conprising: -

determ ni ng, ag¢ogdhAICTRYR CYaddyaedda8ucsls shown DVihe MBSO meNELI 0N
of the target bl ock; 30 _ coding the node information of the

target 5 bl abve, thiee thepaede ff nAppeir&ficel prebabudlyteoded baseks at
t he periphery of the target bl ock; and codi ng pixel data in the

target bl or&gadacseding to

The present embodiment performs arithmetic
coding/decoding using a probability model table in which
Yy a plurality of probability models (Nol to No3) are set
10 as shown in FIG.16. The probability model table is a table
showing the correspondence between a combination of
modes of a plurality of pixel blocks and probability
model as in the case of the code word table prediction
table shown in FIG.3. The combination of modes is the
15 same as that shown in FIG.3 and is not illustrated here,
but the model number corresponds to the combination of
o modes. Appearance probability of each mode making up the
probability model is set in such a way that if there are
numerous specific modes in the peripheral blocks, the
20 appéarance probability for those modes is relativelj
high. | |
When a fixed probability model is used, the code
word length of inferior symbols becomes longer, and
therefore in the case that an image that contains
25 numerous inferior symbols is coded, the coding
efficiency is reduced.

 The present embodiment predicts the mode of the



the mode information of the target block. 35 10. A conputer readable

recordi ng mediumw th an i nmage codi ng program s FFES d
program bei ng execut ed by a conputer to execute { i ng
each bl ock 422 b of a digital| ijmage
divided into a plurality of two- di mggsi onal bl ockls, OeBMAYbRgRK |hgvi ng
a plurality of pi xel s, said program-~eespri sing: determirling a
codi ng node for a target block to out put node i nff ormatTon of tHE tjar get
bl ock; 10 fetching _.and outputting a code f he _nod

i nf or mat i oRlsfck h&ot heyctodrd iEreumthe chedns efpbperiphey; ms
conbi nation of the node information of the target bl ock and hetlrlrgde

i nf or mat i oAN¢ DREEPFIE CREdBY using a probability model wit

~
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appearance probability of the predicted mode set hi_gher,

making it possible to improve the coding efficiency.

(Sixth embodiment)

The present invention impléments the
configurations shown in the first to £fifth embodiments
by software or programming and allowing another
independent computer system to easily implement them by
transferring them recorded in a recording medium such
as a floppy disk. | '

If a compu;er system incorporates a function
equivalent to coding mode judgment se‘ction 1, a function
equivalent to block data coding section 3, a function
equivalént to multiplexing sections 4 and 104 and an
existing mode data coding function, it is also possible
to replace the program implementing mode data coding
sections é and 102 by another program implementing an
existing mode data coding function. In this case, only
the program implementing mode data coding sections 2 and .
102 or the program implementing program replacement
processing is stored in a recording medium and carried.

FIG.17 shows a floppy disk as an example of
recording medium.

In this embodiment, a floppy disk is shown as a

recording medium, but any IC card, CD-ROM, magnet tape



~bl ocks at the peri phery of the target block, said cod “"SHEE? ng
codewor ds determ ned based on the conbination of aza¥ars e | pN
of the target block and the node i nformati on of thejpreviousl oflef

bl ocks at the peri phery of the target block; and 0 3IMAY g} pl xel
data in the target block according to 2@-,the node infgrrmtion of the tafget
bl ock. 11. An inage coding nethod-ﬁz—coding each {bl ock of a

digital image divided into two-dinmensional blocks, eadh

plurality Of pixels.. sai od (i si th of o 2F

fet er m ) RV BRTeyeR fabRre oF BRaqt A pg, tag BYGE AN ranche usea
I nformati Ofi?fewt{f target bl ock; out putting a codeword of the
mode i nf orELT oA OF 't he target bl ock, the codeword bei ng determ ned

based on a  cpghivial LRl fafgearmgehwﬁgdff@]tag@glsaa&hﬁgewaﬂpre%%3o

and the node infornation of previously cod S at t phery of

the tar getalgbg‘é(1t8r & Sofputelr Oé‘yQ}‘tr??‘h,e it P01 YoBsip1 el the

target block and tenporary node ormation replacing the node
i nf or ngt i adlo@h ld@abtaekprograin ERRnP Y id¥BTErOAdViEcéataeh kleaakinkean the
bl ocks at 35 the periphery are out .of an inage; and codi ng pi xe

data in t h@etvikgetvihothewtérnett @r othes Bviemunfidavioan ndtwbek
target bl ock. : c
as shown in FIG.18.

.
The present invention is not limited only to the

N above mentioned embodiments, but can be modified in
10 various ways as loxfg as they are not deviated from :the
purpose of the present invention and those are included

in the range of the present invention.

Industrial Applicability
15 As described above, the present invention is useful
for imlage coding systems or image decoding systems which
T pexrform coding or decoding by dividing a digital image
into blocks and separating block coding mode and block
data for each block, and suited to improving the coding
20 efficiency of code words regarding to the coding mode

and coding the input images with fewer bits.



43 5 :12. An image coding nethod of coding for each Qlock of a

digital image divided into two-dinensional blocks, each Ty a
plurality of pixels, said nmethod conpri sing t he stie LAE‘ER@NT (SHEE']
determ ning a coding node for a target block to 10 out;u node i nformafi on
of the target bl ock; fetching a codeword of the n@@MAN Zpia]i pn
of the target block froma codeword gabl e to outpuf, {based on a

conbi nati on of the node information of tfe target bl ock and The—moede
i nformati &n of previously coded bl ocks at the 15 periphery of the target
bl ock including tenporary node i nf orstRirMy as the node inf or mat i on of
the bl ocks at the peri phery of the target bl ock when the bl ocks at the
peri phhery arel out dinadimayegecodand ocoddvant dofabtedimyi mach btodeworfls,a
each d¢odeword_bpej ng. determ ned based,on a 20 .conmhi.nati o f the node

i nforfation dii9hk?t atfdeenl ded éﬂgotﬁepﬂﬂﬁgii Yor t?Hﬂ— meggional

previqusly cogdesePiocksad block having a plurality of pixels, said

10 method comprising:

determining a coding mode for a target block to
output mode information of the target block;
coding the mode information of the target block
using the mode information of previously coded blocks at
15 the periphery of the target block; and
coding pixel data in the target block according to
the mode information of the target block.
2. An image coding method of coding each block of a
digital image divided into a plurality of two-dimensional
20 blocks, each block having a plurality of pixels, said
method comprising
determining a coding mode for a target block to
output mode information of the target block;
fetching and outputting a codeword of the mode
25 information of the target block from a codeword table,
based on a combination of the mode information of the
target block and the mode information of previously coded
blocks at the periphery of the target block, said codeword
table  having codewords, each codeword of said codeword
30 table being determined based on the combination of the
mode information of the target block and the mode
information of the previously coded blocks at the
periphery of the target block; and
coding pixel data in the target block according to
35 the mode information of the target block.

3. An image coding method of coding each block of a

digital image divided into a plurality of two-dimensional

T



the periphery of the target block,  or a combination of REPLACEME’N? SHEET

I nformati on of the target bl ock and t enporary node n OIHuLIUnf "
replacing the node information of the blocks 25 at the y of thg
target bl ock when the bl ocks at t he periphery are qut o%h:ghAYrTﬁQfH arnd
coding pixel data in the target bl ock according to mode i nf orngtifon
of the target bl ock. 13. An | mage codﬂhg appar at ug t hat codes each ]
bl ock g 30, .digital _inmage V|ded i nto two- di mensi omar—btocks——eas

bl ock FaV| g RIS | PR Bﬂ?& ,N8¥%i8gappamdiFe 1ty cBpr PixR4S, said
a nods | nf RHSPNIP = onfft £ A M ng section that determ nes a codi ng

node fqr a target block to output node 35 information of the target bl ock

a node |i nformati on Gi@d:ierxgliseiatq o t batiogt pmbdea for @odtwawgetof bilbeknode

| nfor gt i on O% E@%tt%{ e 1nf)rmaé{§h of the target block;

outputting a codeword of the mode information of the

10 target block, the codeword being determined based on a
combination of the mode information of the target block
and the mode information of previously coded blocks at the

N, periphery of the target block, the codeword being assigned
a shorter codeword length when the coding mode for the

15 target block is numerically predominant among coding modes
of the blocks at the periphery of the target block than
when the coding mode for the target block is numerically
inferior among the coding modes of the blocks at the
periphery of the target block; and

20 coding pixel data in the target block according to
the mode information of the target block.

4. The image coding method according to any one of
claims 1 to 3, wherein the coding mode is determined based
on whether pixel values in the block are all 0, all 1 or

.25 other than all 0 and all 1.

5. An image coding apparatus that codes each block of
a digital image divided into a plurality of two-
dimensional blocks, each block haVing a plurality of
pixels, said apparatus comprising:

30 a coding mode determining section that determines a
coding mode for a target block to output mode information
of the target block;

a mode information coding section that codes the
mode information of the target block using the mode

35 information of previously coded blocks at the periphery of
the target block; and

a block data coding section that codes plxel data of

H"l"l llllll "ll! Illll II I"l



44 5 codeword bei ng determ ned based on a conbi ERERIUAGE’MEN’E SHEETF”Dde

I nformation of the target bl ock and the node |

coded

t he node information of the target block and te
10 replacing the node information of the b
peri phery of the target bl ock when the blaxks at t perlphery are out
ina e; and a bl ock data cBﬁTnghsectlon rat——Todes—pt dat a

enfadeatingipstatien 191 ttmget

of an
in

bl ock.
digiti
pl ur al
i nforr
t ar get
node i
t he my
on a d
i nforn

bl ocks at the periphery of the target b

br g-{’/ﬁﬁgggahnf

ta’lﬂg%t tpreek Rdeskdianraxdinmg hed
codi ng apparatus that codes each block of a
| |nage dr€Q% Ex

ity of @JxelsAnsﬁmdgappadahQSappananqy|thau;cddbs each abloakdef a
lation deternjnin sectio

e
bl ock bR but™Age lel‘qurﬁ 0+Wé?| én chi'fu”car?é'ttyar t Y8P5

ensional

)de i nfornation of the target 25 bBlock froma codeword tabl e, based
onbOnatappavitepecompriwiedt nf ormati on of the target bl ock and node

mtion of previousl ysRdes pLagksial LiecRen RIS &lcdhgihaLod

coding mode for a target block to output mode information
of the target block:

a codeword table containing codewords, each codeword

15 being determined in association with a combination of the
mode information of the target block and the mode
information of previously coded blocks at the periphery of
the target block;

a mode information coding section configured to

20 fetch and output a codeword of the mode information of the
target block from said codeword table, based on the
combination of the mode information of the target block
and mode information of previously coded blocks at the
periphery of the target block, and

25 a block data coding section that codes pixel data in
the target block according to the mode information of the
target block.

7. An image coding apparatus that codes each block of a
digital image divided into a plurality of two-dimensional

30 Dblocks, each block having a plurality of pixels, said
apparatus comprising:

a coding mode determining section that determines a
coding mode for a target block to output mode information
of the target block;

35 a mode information coding section that outputs a

codeword of the mode information of the target block, the

codeword being determined based on a comb1natum1 of the

vilousl y
dt ifon -of
orjmat i on

nto t wo- di nensi onal bl ocks, each bl ock having a

t er.nmi nes codlggmnnde for, a

nf or maty Ph-£@di Nk &ECHIYR U hﬁtavﬁ'&gc hgs gﬂ@rahtputdwt pikeaadewaid pf
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bl ock including tenporary node information as the rREBLACEMEN‘Tos hIJn of
the bl ocks at the periphery of the target 30 bl ock when the bl ock$ jat the
peri phery are out of an i mge, said codeword tdblie fjamyrg zoadeyol ds,
each codeword bei ng determ ned based on a conbijngti on of the nmpde
informati on of the target bl ock and the node i nfornathom of— T he

previously coded bl ocks at the periphery gf the 35| target block, orja
conbi nation of the node information of ~ the target bl ock and tenporary
node i nff orfrat Meder epind@imption ¢ haf ppgbe nftALARY onPbPCkheaBhocidieat Mede
peri phery of t : : g | ogk
when t he bl och'g%gtrmtaﬁéoﬁleﬂfplPeIfeyVlaor%SJb%tC%?led blgﬁkfngéeﬁign}éﬁ&%r? az;f
bl ock dpata codheg seedéeonbiloatk,coths moddwalat abeing asdiymedir getshbocr

rdihg to the node information of the
according codeword length when the coding mode for the target block

is numerically predominant among coding modes for the

10 Dblocks at the periphery of the target block, than when the
coding mode for the target block is numerically inferior
among the coding modes for the blocks at the periphery of

N the target block; and

a block data coding section that codes pixel data in

15 the target block according to the mode information of the

target block.

< 8. The image coding apparatus according to any one of
claims 5 to 7, wherein said coding mode determining
section determines the coding mode based on whether pixel

20 values in the block are all 0, all 1 or other than all 0
and all 1.

9. A computer readable recording medium with an image
coding program stored therein, said program being executed
by a computer to execute procedures for coding each block

25 of a digital image divided into a plurality of two-
dimensional blocks, each block having a plurality of
pixels, said program comprising:

determining a coding mode for a target block to
output mode information of the target block;

30 coding the mode information of the target block
using the mode information of previously coded blocks at
the periphéry of the target block; and

coding pixel data in the target block according to
the mode information of the target block.

35 10. A computer readable recording medium with an image

coding program stored therein, said program being executed

by a computer to execute procedures for coding each block

g



target: bl ock. 10 15. A conputer readable recordin
codi ng program stored therein, said program bei ng eke¢
conputer to execute procedures for coding each bl ock

di vided into two-dinmensional bl ocks, each bl ock}having a plural

pi xel s, said program 15 conpri sing: det edm

for a target block to out put node i nf43rmati on off the target bloc
outputt'ng a codeword, of the node |nforqﬁ§%on of the ﬁgr et bI t he
codeworld Bei iRf de? erdh FeP baddtpam & miRR i Gn BRYE wo-

i nformefion Q§IEQ§ §6h98t Bhgeks, <aed tBQoEﬂdethEﬁbnah'OE Q&allty of
previ ougsly cod% focks at t he periphery of the target block, or a

conbi nati on gbixdks, sahddprbgremnapmpmléﬂnghe target block and tenporary

node informatio IaCLn t he e |nfornat|on of th | oc

the per] phery of th‘g {% ?lB ock vﬁ?e R e T Iffi 1|T(;elr‘ill§l|o?1ery t:'jtcgre
out of @an Iwe&etpaﬂdmode inform&@dbAdoffi xale datrsggentnbubekt,arget bl ock
accordih g the node information of the target bl ock. )

i rage cpdPng net hodfetckbagngardchoBtBEktdngda 80 cargresd Péagéhﬁ\nWRQF

sai d o} hod COBSPRREEORTSY | AR leargel! AFfociEn? § WlcUdL Rl
nmode foy a tasasédblackat ocombination of the mode information of the
N target block and the mode information of previously coded
blocks at the periphery of the target block, said codeword
15 table having codewords determined based on the combination
of the mode information of the target block and the mode
information of the previously coded Dblocks at the
periphery of the target block; and
coding pixel data in the target block according to
20 the mode information of the target block.
11. An image coding method of coding each block of a
digital image divided into two-dimensional blocks, each
block having a plurality of pixels, said method comprising
the steps of:
25 determining a coding mode for a target block to
output mode information of the target block;
outputting a codeword of the mode information of the
target block, the codeword being determined based on a
combination of the mode information of the target block
30 and the mode information of previously coded blocks at the
periphery of the target block, or a combination of the
mode information of the target block and temporary mode
information replacing the mode information of the blocks
at the periphery of the target block when the blocks at
35 the periphery are out of an image; and

coding pixel data in the target block according to

the mode information of the target block. - L
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out put ‘node information of the target block; 35 REPMENLS T

codeword table from a plurality of codeword tabl es based dn ja
conbi nati on of the node informati on of previously €odMAYbREGIkS jt t he
peri phery of 46 5 the tarlgqt

bl ock, said codeword tables respectively being set corresponding|to
conbi nati ons of the node information g@_}he prglinualy deedhblpcks at
t he peri pher f the , target block, and said codeword tables having
code&orcg 571 respét (WAAGR JePing nkathedr e§p6RELRE £orc &Rty himrls 26 a

avai l ablle  f0lg; ofit@1 t 3hdgle 8i0F8ed it FwotldmMAdonad b1o8%S, INEdA
shorter codemé?éﬁﬁghgt% mﬁgn t he cgging m)dewo ?Br%%%a%euge? %%6ck P'S
nunmericdl |y phbdésk devingoagplbhealitycodi pdxeddes sfadrd trest Hddckesmptishag
peri pherly of E%% %@gﬁg of :

determining a coding mode for a target block to

10 output mode information of the target bloék;
fetching a codeword of the mode information of the
target block from a codeword table to output, based on a
combination of the mode information of the target block
and the mode information of previously coded blocks at the
15 periphery of the target block including temporary mode
information as the mode information of the blocks at the
periphery of the target block when the blocks at the
periphery are out of an image, said codeword table having
codewords, each codeword being determined based on a
20 combination of the mode information of the target block
and the mode information of the previously coded blocks at
the periphery of the target block, or a combination of the
mode information of the target block and temporary mode
information replacing the mode information of the blocks
25 at the periphery of the target block when the blocks at
the periphery are out of an image; and
coding pixel data in the target block according to
the mode information of the target block.
13. An image coding apparatus that codes each block of a
30 digital image divided into two-dimensional blocks, each
block having a plurality of pixels, said apparatus
comprising:
a mode information determining section that
determines a coding mode for a target block to output mode
35 information of the target block;

a mode information coding section that outputs a

codeword of the mode information of the target block, the

Rl



bl ock than when the coding node for the target bl ock REPEACENﬁQQ}SﬁBth

I nferior anong the codi ng nodes for the bl ocks at tthe peri phery;

coding the node information for the target block ugi ng M qumbﬁc efl
codeword table; and codi ng pixel data in the target | ock
according to 20 the node information on the target Rl otk Ah

i mge codi ng apparatus that codes each blﬁkk of : | d|Q|taI |nage di_ yi ded

a1 & sofabal A bRSBnEimined G5 AEARY o Lot EhrbloR el i
sai d- app aPat FSHEn d n
thatpode JBA£EFHRESOA COEH n&ﬂ@detép.ge@ tgngek blaeek th@Uut Relde

I nformati on of the target bl ock a selecting section

section
node
t hat se

ect s im fopueiireh t@bl Brevmﬁsd;m aoplbdr 4ulh0t0}<sofatcdd’ewm€€hfinb$es bdsed

on a coprbi nati.on 30 of |nfornat| n_of preV| de Iock at
t he peri pH yrarget Jpto ]far g&t @ ggjkl @tﬁé%\dp%g tJa’B£8§ma
respectf vel y drei nghéset taegeespyihdg thQOWQbm@dﬁmﬁy(ﬁmode fi€ormation
informati on of the previously coded bl ocks at the perlf ery of the

?

target plBck remainidl ddreworede abiefgsmapionngofodeher do

ekpecdtvelhe
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s assigned a shorter codewor when

periphery are out of an image; and

engt

a block data coding section that codes pixel data in

the target block according to the mode information of the
target block.
14. An image coding apparatus that codes each block of a
digital image divided into two-dimensional blocks, each
block having a plurality of pixels, said apparatus
comprising:

a mode information determining section that
determines a coding mode for a target block to output mode
information of the target block:;

a mode information coding section that fetches and

outputs a codeword of the mode information of the target

block from a codeword table, based on a combination of the

mode information of the target block and mode information
of previously coded blocks at the periphery of the target
block including temporary mode information as the mode
information of the blocks at the periphery.of the target
block when the blocks at the periphery are out of an
image, said codeword table having codewords, each codeword
being determined based on a combination of the mode
information of the target block and the mode information
of the previously coded blocks at the periphery of the
target block, or a combination of the mode information of
the target block and temporary mode information replacing

the mode information of the blocks at the perlphery of the
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5 .coding node for the target block is nu Pkﬁ@EME%ﬂ?SHEEP m nant

anong the codi ng nodes for the blocks at the per {pher it ar get

bl ock than when the codi ng node for the target|b oqt ' rijcgl ly

i nferior anmong the codi ng nodes for the bl ocks t %h%gﬁggﬁery; 10

a node information coding section that codes th ' tion
for the target bl ock using the codeword 45 table |[selected in said

sel ecting section; and a bl ock™@at a codi A" SEcTT oM tirat—eedes

pi xel dat® i ntargethbloskyethen otheadd@cdisng@® othfie BRSdPNETYordEe i 840t he
15 target blockim -1§nd A conputer readable recording nediumw th an

I mage cod?ﬂg p?gafan1stored therein, said program bei ng executed by

a conputler to execuiebpbekedatas doatimp etk Bathtbdiocéodes plixeldidgittaalin
I mage dilvi ded into two-dinensional blocks, 20  each, bl pck havjn a
plurality of Eh?eF§Fge§mh@?ﬁ%mﬁ%ﬁﬁrdlng to the mode in ormatidn 3f the

target block. .

10 15.. A computer readable recording medium with an image
coding program stored therein, said program being executed
by a computer to execute procedures for coding each block

o of a digital image divided into two—dimensional blocks,
each block having a plurality of pixels, said program

15 comprising:

determining a coding mode for a target block to
output mode information of the target block;

outputting a codeword of the mode information of the
target block, the codeword being determined based on a

20 combination of the mode information of the target block
and the mode information of previously coded blocks at
the periphery of the target block, or a combination of the
mode information of the target block and temporary mode

- information replacing the mode information of the blocks

- 25 at the periphery of the target block when the blocks at
the periphery are out of an image; and

coding pixel data in the target block according to
the mode information of the target block.
16. An image coding method of coding each block of a

30 digital image divided into two-dimensional blocks, each
block having a plurality of pixels, said method comprising
the steps of:

determining a coding mode for a target block to
output mode information of the target block;

35 selecting a codeword table from a plurality of

codeword tables based on a combination of the mode

information of previously coded blocks at the periphery of

I



conpri si ng: determ ning a codi ng node for 7
out put node information of the target bl ock; ﬁEP é‘ i JgggEt eword

table froma plurality of 25 codeword tables based o a conbinatio f
node i nformation of previously coded bl ocks at tthg p@r3mMRera009f [t he

t ar get bl ock, said tables respectively being setf gorresponding to
conbi nations of the node information of #he previOUjIy coded bfocks at
t he peerhery of the target block, and 36— said codeword tabl e havi ng

codewor &@inggty blochet spdrna@denatss porll oy £ESPEBEAYCADIdE1iNg
[ {
SIS ERE e e e

codeword | ength when't node
nuneri cpl | y poEdarhienaptrearimug liynecoddidnd loates &ar f_tHiEe peribheeks af ttige

perL PRy, of Lhe ket aeto bLooK AT Mo Ll o S9Blg, T 97 LR e
the per] pheryrespectively determined corresponding to coding modes
10 available for the target block where a codeword is
assigned a shorter codeword length when the coding mode
for the target block is numerically predominant among the
~ coding modes for the blocks at the periphery of the target
block than when the coding mode for the target block is

15 numerically inferior among the coding modes for the blocks

at the periphery;
coding the mode information for the target block
using the selected codeword table; and
coding pixel data in the target block according to

20 the mode information on the target block.

17. An image coding apparatus that codes each block of
a digital image divided into two-dimensional blocks, each
block having a plurality of pixels, said apparatus

— comprising:

25 a mode information determining section that
determines a coding mode for a target block to output mode
information of the target block;

a selecting section that selects a codeword table
from a plurality of codeword tables based on a combination

30 of mode information of previously coded blocks at the
periphery of the target block, said codeword tables
respectively being set corresponding to combinations of
mode information of the previously coded blocks at the
periphery of the target block, and said codeword table

35 having codewords respectively determined corresponding to

coding modes available for the target block where a

codeword 1is assigned a shorter codeword length when the
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sel ected codeword table; and codi ng pi gEPEACENﬁﬁﬂESHEEE get
bl ock according to the node informati on of the parget—bfoTcK. 10
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J] 5 coding mode for the target lock—is uumcLEcally

predominant among the coding modes for the blocks at the
periphery of the target block than when the coding mode
for the target block is numerically inferior among the
coding modes for the blocks at the periphery:;

10 a mode information coding section - that codes the
mode information for the targeﬁ block using the codeword
table selected in said selecting section; and

N a block data coding section that codes pixel data in
the target block according to the mode information of the

15 target block.

18. A computer readable recording medium with an image
coding program stored therein, said program being executed
by a computer to execute procedures for coding each block
of a digital image divided into two-dimensional blocks,

20 each block having a plurality of pixels, said program

comprising:
determining a coding mode for a target block to
output mode information of the target block;

— selecting a codeword table from a plurality of

25 codeword tables based on a combination of mode information
of previously coded blocks at the periphery of the target
block, said tables respectively being set corresponding to
combinations of the mode information of the previously
coded blocks at the periphery of the target block, and

30 said codeword table having codewords respectively
determined corresponding to coding modes available for the
target block where a codeword is assigned a shorter
codeword length when the coding mode for the target block
is numerically predominant among the coding modes for the

35 blocks at the periphery of the target block than when the
coding mode for the target block is numerically inferior

among the coding modes for the blocks at the perlphery,
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coding the mode information for the target Dblock
using the selected codeword table; and
coding pixel data in the target block according to

the mode information of the target block.
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ABSTRACT OF THE DISCLOSURE

The mode data of a block to be coded is predicted
from the mode data of'peripheral blocks alreadf 66ded,
and coded using a code word table switched according to
a hitting ratio of prediction. In the code word table,
the code word length is set shorter for coding modes with

high hitting ratio.




