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CLAIMS
[1] An image encoding device comprising:
a filter that carries out a filtering process on a locqll
decodedimagewhichiszaresultofadditionofeadifferenceimége
decoded from compressed data about an inputted image énd a

prediction image; and

v

a variable length encoder that vari 1e—length—encodes

said compressed data and a filter parpdmeter used when the

filtering process 1is carried out by said filter, and that

generates a coded bitstream into ich coded data about said

compressed data and coded data out said filter parameter are

multiplexed,

wherein said filter determines a classification method of

4

/
carrying out a class classification on each coding block having
g

a largest size, cargﬁés out a class classification on each pixel

/

within. o @ach coding block having a largest size
/ !

by using said glassification method, calculates an offset value
for each ;iy*s for each coding block having the largest size, and

carries ghit a pixel adaptive offset process of adding said offset

value /to a pixel value of a pixel belonging to a corresponding
clafs, and said variable length encoder variable-length-encodes
n index indicating the classification method of carrying out a
class classification on each coding block having the largest size,
the classification method being determined by said filter, and
also variable-~length-~encodes a parameter about the offset value

for each class determined for each coding block having the largest

size on a basis of a binarization process using a truncated unary

coda—
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123 The image encoding device according to ¢laim 1, wherein a maximum

i

of said offset value is determined by a bit depth of said decoded imaue.

[ 3] The -image encoding device according to claim 2, wherein /

said image encoding device includes: a slice partitioner tll;éi'tl:
partitions an inputted image into slices which are a pilurality of"part
images; a coding parameter determinator that determines the"'largest
size of a coding block which is a unit to be processed ats ‘a time when
an encoding process is carried out and also determine_s'an upper limit

on a number of hierarchies at a time when a coding bloc__k""having the largest

-
#

size is partitioned hierarchically, and that assigns a coding mode to
4

each of coding blocks which are partitioneg‘hierarchically; a block

partitioner that partitions a slice whiclfis partitioned by said slice

partitioner into coding blocks each ha¥ing the largest size determined
by said coding parameter determina¥or, and that partitions each of said
coding blocks hierarchically in¥o blocks until its number of hierarchies
reaches the upper limit on the& number of hierarchies which is determined
by said coding parametex’ determinator; a predictor that carries out
a prediction process gccording to the coding mode assigned by said coding

ator on each of the coding blocks which are partitioned

parameter determ/in
by said block/partitioner so as to generate a prediction image; a

difference/image generator that generates a difference image between
each of £he coding blocks which are partitioned by said block partitioner
and /the prediction image generated by said predictor; an image
|4pressor that carries out a transformation process on the difference
image generated by said difference image generator and quantizes
transform coefficients of said difference image, and that outputs the
transform coefficients quantized thereby as compressed data; and a
local decoded image generator that decodes the difference image from

the compressed data outputted

£
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from said image compressor, and adds the difference image decoded and

the prediction image generated by said predictor so as to generate a

locel decoded image, wherein said variakle length encoder/
s

variable-length-encodes header information of each slice inclqd{;g
information about the partitioning into the slices by sai@ glice
partitioner the compressed data cutputted from said image Qomﬁressor,
the coding mode assigned by said coding parameter deferminator, a

quantization matrix parameter for generating a quantization matrix used

.

when the transform coefficients are quantized by said image compressor,

and the filter parameter used when the filtering§ process is carried out

by said filter

so as to generate a cod bitstream into which coded data

about said header information, thecoded data about said compressed data,

/
coded data about said coding mode, coded data about said quantization
/

matrix parameter, and the_géded data about said filter parameter-

/

// are multiplexed.

/

[ 4] The imagé encoding device according to claim 3, wherein
/
'}

when an intra coding mode is assigned, as the coding mode corresponding
P

F

' C :
to a coding block partitioned by the block partitioner, by the coding
/

'
parameter Jdeterminator, the predictor carries out an intra-frame
' 4
V4

4
predictdion process corresponding to said intra coding mode on each

prediction block which is a unit for prediction process at a time of

Farrying out the prediction process on said coding block so as to generate

a prediction image.

[ 5] The image encoding device according to claim 4,
wherein when an inter coding mode is assigned, as the coding
mode corresponding to a coding block partitioned by the block

partitioner, by the coding parameter determinator, the

r,

/
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on each prediction block which is a unit for prediction process
at a time of carrying out the prediction process on said coding

block by using a reference image so as to generate a]predictiog/'

/

image. /S
./'{

/

[ 6] The image encoding device according to claifi 5,
/

(2]

wherein the coding parameter determinator determing%xboth a
quantization parameter used when the differeqpé'image is
compressed and a transformation block partitigﬁing state for
each of the coding blocks, and also de@eémines an intra

10 predictionparameterorenlinterpredictigﬁ%arameterusedwhen
the prediction process is carried out r each prediction block

of said coding block, the predictor£arries out an intra-frame
prediction process by using said intra prediction parameter
when an intra coding mode is signed by said coding parameter

15 determinator and carries oMt a motion-compensated prediction
process by using said infer prediction parameter when an inter
coding mode is assigngd by said coding parameter determinator,

the image compressdr carries out the transformation process on

the difference” image generated by the difference image

20 generator fof each transformation block determined by said
coding papémeter determinator, and also quantizes the transform
coeffigients of said difference image by using the quantization
parafieter and the quantization matrix parameter which are
termined by said coding parameter determinator and outputs

25/ the transform coefficients quantized thereby as the compressed
data about said difference image, and, when
variable-length-encoding said compressed data, the coding mode,
said quantization matrix parameter, the filter parameter, and

the header information of each slice, the variable length

encoder variable=l anct h—pncoades Lhe BT e PGt




parameter or the inter prediction parameter, which is
determined by said coding parameter determinator, and _/”
transformationblock partitioning information so as to generatg’
the coded bitstream into which the coded data about §é€d
5 compressed data, the coded data about said coding modé, the
coded data about said quantization matrix parameterﬂﬂthe coded

2

data about said filter parameter, the coded da;é'about said

2f

header information, coded data about said intra prediction
parameter or said inter prediction parameger, and coded data
10 about saild transformation block partit}dhing information are

multiplexed.

[ 7] An image decoding defice comprising:

a variable length decodep that variable-length-decodes
compressed data and a filfer parameter from coded data
15 multiplexed into a coded /itstream; and
afilterthatca;pﬁescnﬂ:afilteringprocessoneadecoded
imagedecodadfrmntpécompresseddatavariable—length—decoded
by said variable‘léngth decoder by using the filter parameter
variable—lenq}ﬁ:decoded by said variable length decodeg

20

jWEerein said variable length decoder
va;iéble—length—decodes, as a filter parameter, an index
‘;ﬁdicating a classification method of carrying out a class

y
Zgj‘classification on each coding block having a largest size from
the coded data multiplexed into said coded bitstream, and also
variable-length-decodes a parameter about an offset value for
each class for each coding bhlock having the largest size on a
basis of a binarization process using a truncated unary code,

MW fi-gai-ci-fr bt er-speecifies-the-classd-fientionmethod-of-carrying




= s e L - - e ————————

out a class classification on each coding block having the largest size
by using the index indicating the classification method of carrying out
a class classification on each coding block having the largest sia%//
carries out a class classification on each pixel by usinq,/ghe
5 classification method of carrying out a class classificap$dg, the
classification method ispecified for each pddjng block
having said largest size, calculates an offset value frqm"the parameter
p,
about the offset value for each class for each codip@lblock having the
largest size, and carries out a pixel adaptive Qﬁf;et process of adding

10 said offset value to a pixel value of a pixel b_efl"onging to a corresponding

class.

(8] The image decoding device according to claim 7, wherein a maximum
of said offset value is detexrmined a bit depth of said decoded image.
[ 9 The image decodingMevice according to claim '8, wherein
15 said ‘image decoding devif€e includes: a variable length decoder that
variable-length-decodes eader information about each slice, a
gquantization matrix rameter, and a filter parameter from the coded
data multiplexe into the coded bitstream, and that
variable-length*decodes compressed data and a coding mode associated
20 with each offcoding blocks which are hierarchically partitioned from

data; a predictor that carries ocut a prediction process

a prediction image; a difference image generator that inverse-quantizes
transform coefficients which are compressed data
variable-length-decoded by said variable length decoder and associated
with the coding block by using a guantization parameter and said
quantizationmatrix parameter which are variable-length-decoded by said

variable length decoder, and that inverse-transforms the transform

hPIN)
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inverse—-quantized thereby so as to generate a difference image
before compression; and a decoded image generatcr that adds the

difference image generated by said difference image generator'agﬁ
7

the prediction image generated by said predictor so as to genepﬁte
V4

/

a decoded image.

[ 10] The image decoding device according to ﬁlajm g,
/
wherein when the coding mode variable—length—d3g6ded by the

variable length decoder and associated with the, /Coding block is

an intra coding mode, the predictor carries fut an intra-frame
prediction process correspondingtxasaiclip{éa coding mode on each

prediction block which iszaunit.for'prgdlction.process at a time

of carrying out the prediction procéss on said coding block so
as to generate a prediction ima
[ 111 The image decoding” device according to claim 10,
wherein when the coding de variable-length-decoded by the
variable length decoder /&nd associated with the coding block is
an inter coding ode, the predictor carries out a
motion-compensated prediction process on each prediction block
which is a unitfor prediction process at a time of carrying out
the predictidn process on the coding block by using a reference
image so As to generate a prediction image.

The image decoding device according to claim 11,

wheyein when variable-length-decoding the compressed data, the
oding mode, and an adaptation parameter set from the coded data
multiplexed into the coded bitstream, the variable length decoder
variable-length-decodes an intra prediction parameter or an inter
prediction parameter, and transformation block partitioning
information, when the coding mode variable-length-decoded by said

variable length decoder and associated with the coding block is

‘).
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predictor carries out the intra-frame prediction process by using
salid intra prediction parameter, and, when the coding mode
variable-length-decoded by said variable length decoder angf
associated with the coding block is an inter coding mode, carpigs
out the motion-compensated prediction process by using said"inter
prediction parameter, and the difference image ,Qénerator
inverse-transforms the transform coefficients invgpée—quantized
thereby for each of transformation blocks acqﬁired from the

transformation block partitioningl information

variable-length-decoded by said variable length decoder sc as to

generate a difference image before cogfipression.
[ 131 An image encodifig method comprising:

a filtering process stepof & filter carryingout a filtering
process on a local decoded image which is a result of addition
of a difference image degoded from compressed data about an

inputted image and a prgdiction image; and

a variable length encoding process step of a variable length
encoder vardable-length-encoding said compressed data and a
filter g%"ameter used when the filtering process is carried out
in sa;ﬁ/filtering process step, and generating a coded bitstream
in /thch coded data about said compressed data and coded data

out said filter parameter are multiplexed,

wherein said filtering process step includes the steps of
determining a classification method of carrying out a class
classification on each coding bklock having a largest size,
carrying out a class classification on each pixel within

¢ach coding block having the largest size by using

ad-d—e-tasei-feationmebhodr—ealealatbng——
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an offset value for each class, and carrying out a pixel adaptive
offset process of adding said offset value to a pixel value of
a pixel belonging to a corresponding class, and said V&ri&blgf
length encoding process step includes the stepsjfof

variable-length-encoding an index indicating,ﬁ' the

(]

classification method of carrying out a class classgdfication

."{
on each coding block having the largest size, the cldssification
methodbeingdeterminedinsaidfilteringproceséstep,andalso
Variable—length—encodinga;mrameteraboutpﬁeoffsetvaluefor

.

10 each class determined for each coding blotk having the largest

size on a basis of abinarization procegh using a truncated unary
code.

[ 14] An image encoding method comprising:
a filtering process ep of a filter carrying out a
15 filtering process on a logal decoded image which is a result
ce image decoded from compressed data

about an inputted ima@ge and a prediction image:; and

. /

s

a yariable length encoding process step of a variable

length/encoder variable-length-encoding said compressed data

and/a filtexr parameter used when the filtering process 1is
arried out in said filtering process step, and generating a
5y/ coded bitstream into which coded data about said compressed data
and coded data about sald filter parameter are multiplexed,
wherein said filtering process step includes the steps

of determining a classification method of carrying ocut a class

classification on each coding block having a largest size,

J—rarryrngonta-elass-elagssi-oatbon-oreaeh-piredwi b n———— e
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each coding block having the largest size by using

said classification method, determining a parameter for
calculating an offset value for each class and also calculatiqg/

an offset value for each class from said parameter, and car;y{;g

5 out a pixel adaptive offset process of adding said offsex”va]ue

to a pixel value of a pixel belonging to a corresponqiﬁé class,

and said variable length coding process step inclyéés the steps

of variable-length-encoding an index _ja&icating the

classification method of carrying out a clasé.classification on

10 each coding block having the largest s}#é, the classification

method being determined by said filtgpikg process step, and also

variable-length-encoding a parame;ég about the offset value for

each class determined for each/coding block having the largest

size on a basis of a binarizafion process using a truncated unary

15 code.

[ 15] An image/decoding method comprising:

a variable ler} th decoding process step of a variable length
decoder variabl$7{;ngth—decoding compressed data and a filter
parameter from/coded data multiplexed into a coded bitstream;

20 afilpéringprocessstep(ﬁfafiltercarryingoutaiﬁltering

process/dn a decoded image decoded from the compressed data

4

¥

variaple-length-decoded in said variable length decoding process
/

stegp by using the filter parameter variable-length-decoded in said

ariable length decoding process step,

wherein said variable length decoding process step includes
the steps of variable-length-decoding, as a filter parameter, an

index indicating a classification method of carrying out a class

S

0 —glassificatdon—en—each—aoding—bloek—having— -
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a largest size from the coded data multiplexed into said coded
bitstream, and also variable-length-decoding a parameter abou
an offset value for each class for each coding block hav%pq the

largest size on a basis of a binarization proceﬁs/using a

truncated unary code, and said filtering process”step includes

the steps of specifying the classificatiog/lethod.of carrying

ling block having the

out a class classification on each c
largest size by using the index indicating the classification

method of carrying out a cla§s classification on each coding

block having the lar t size, carrying out a class
classification on eaclpixel by using the classification method
of carrying out class classification, the classification
method specified for each coding block having
sald lapdest size; "calculating an offset wvalue from the
parameter for calculating the offset value for each class for
@gach coding block having the largest size, and carrying out a
pixel adaptive offset process of adding said offset value to

a pixel value of a pixel belonging to a corresponding class.
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CLAIMS
[1] An image encoding device comprising:

an image compressor that carries out a transformation process on a difference
image between an inputted image and a prediction image and quantizes transform
coefficients of the difference image and outputs the quantized transform coefficients as
compressed data;

a filter that carries out a filtering process on a local decoded image which is a
result of addition of the difference image decoded from the compressed data and the
prediction image; and

a variable length encoder that variable-length-encodes the compressed data
and a filter parameter used when the filtering process is carried out by the filter and
generates a coded bitstream into which coded data of the compressed data and coded
data of the filter parameter are multiplexed,

wherein the filter determines a classification method for each coding block
having a largest size, carries out a classification on each pixel within each coding block
having the largest size by using the classification method, calculates an offset value for
each class for each coding block having the largest size, and carries out a pixel adaptive
offset process by which the offset value is added to a pixel value of a pixel belonging to
a corresponding class, and

the variable length encoder variable-length-encodes a quantization matrix
parameter for generating a quantization matrix used when the transform coefficients are
qguantized by the image compressor and an index indicating the classification method
for each coding block having the largest size, the classification method being
determined by the filter, and variable-length-encodes a parameter of the offset value for

each class on a basis of a binarization process using a truncated unary code.

[2] An image decoding device comprising:
a variable length decoder that vafiable-length-decodes compressed data, a
filter parameter and a quantization matrix parameter from coded data multiplexed into

a coded bitstream;
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a difference image generator that inverse-quantizes transform coefficients of a
block obtained from the compressed data by using the quantization matrix parameter
which is variable-length-decoded by the variable length decoder and inverse-transforms
the inverse-quantized transform coefficients to generate a difference image;

a decoded image generator that adds the difference image and a prediction
image to generate a decoded image; and

a filter that carries out a filtering process on the decoded image decoded from
the compressed data by using the filter parameter,

wherein the variable length decoder variable-length-decodes, as a filter
parameter, an index indicating a classification method for each coding block having a
largest size from the coded data, and variable-iength-decodes a parameter of an offset
value for each class on which a binarization process using a truncated unary code is
performed, and

the filter specifies the classification method for each coding block having the
largest size by using the index, carries out a classification on each pixel by using the
classification method specified for each coding block having the largest size, and carries
out a pixel adaptive offset process by which the offset value is added to a pixel value of

a pixel belonging to a corresponding class.

[3] An image encoding method comprising:

an image compression step of an image compressor carrying out a
transformation process on a difference image between an inputted image and a
prediction image and quantizing transform coefficients of the difference image and
outputting the quantized transform coefficients as compressed data;

a filtering process step of a filter carrying out a filtering process on a local
decoded image which is a result of addition of the difference image decoded from
compressed data and the prediction image; and

a variable length encoding process step of a variable length encoder variable-
length-encoding the compressed data and a filter parameter used when the filtering

process is carried out in the filtering process step, and generating a coded bitstream
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into which coded data of the compressed data and coded data of the filter parameter
are multiplexed,

wherein the filtering process step includes the steps of determining a
classification method for each coding block having a largest size, carrying out a
classification on each pixel within each coding block having the largest size by using
the classification method, calculating an offset value for each class, and carrying out a
pixel adaptive offset process by which the offset value is added to a pixel value of a
pixel belonging to a corresponding class, and

the variable length encoding process step includes the steps of variable-length-
encoding a quantization matrix parameter for generating a quantization matrix used
when the transform coefficients are quantized in the image compression step and an
index indicating the classification method for each coding block having the largest size,
the classification method being determined in the filtering process step, and variable-
length-encoding a parameter of the offset value for each class on a basis of a

binarization process using a truncated unary code.

[4] An image decoding method comprising:

a variable length decoding process step of a variable length decoder variable-
length-decoding compressed data, a filter parameter and a quantization matrix
parameter from coded data multiplexed into a coded bitstream;

a difference image generation step of a difference image generator inverse-
quantizing transform coefficients of a block obtained from the compressed data by using
the quantization matrix parameter which is variable-length-decoded in the variable
length decoding process step and inverse-transforming the inverse-quantized transform
coefficients to generate a difference image;

a decoded image generation step of a decoded image generator adding the
difference image and a prediction image to generate a decoded image; and

a filtering process step of a filter carrying out a filtering process on the decoded

image decoded from the compressed data by using the filter parameter,
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wherein the variable length decoding process step includes the steps of
variable-length-decoding, as a filter parameter, an index indicating a classification
method for each coding block having a largest size from the coded data, and variable-
length-decoding a parameter of an offset value for each class on which a binarization
process using a truncated unary code is performed, and

the filtering process step includes the steps of specifying the classification
method for each coding block having the largest size by using the index, carrying out a
classification on each pixel by using the classification method specified for each coding
block having the largest size, and carrying out a pixel adaptive offset process by which

the offset value is added to a pixel value of a pixel belonging to a corresponding class.

[5] A medium storing a bitstream having coded data, the coded data comprising:

variable-length-encoded data obtained by carrying out a transformation
process on a difference image data between an inputted image and a prediction image,
quantizing transform coefficients of the difference image and variable-length-encoding
the quantized transform coefficients as compressed data; and

variable-length-encoded data of a filter parameter used when a filtering
process is carried out on a local decoded image which is a result of addition of the
difference image decoded from the compressed data and the prediction image,

wherein the filtering process includes

determining a classification method for each coding block having a largest size,

carrying out a classification on each pixel within each coding block having the
largest size by using the classification method,

calculating an offset value for each class, and

carrying out a pixel adaptive offset process by which the offset value is added
to a pixel value of a pixel belonging to a corresponding class,

wherein the variable-length-encoded data include

variable-length-encoded data of a quantization matrix parameter for generating
a quantization matrix used when the transform coefficients of the difference image are

quantized,
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variable-length-encoded data of an index indicating the classification method
for each coding block having the largest size, and
variable-length-encoded data of a parameter of the offset value for each class

on a basis of a binarization process using a truncated unary code.



