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SPECIFICATION

TITLE OF THE INVENTION

IMAGE ENCODING DEVICE, IMAGE DECODING DEVICE, IMAGE ENCODING

METHOD, AND IMAGE DECODING METHOD
FIELD OF THE INVENTION

[0001]

Thepresentinventionrelatestx>animageencodimgdevice
for and an image encoding method of encoding a video with a high
degree of efficiency, and an image decoding device for and an

image decoding method of decoding a video which is encoded with

a high degree of efficiency.

BACKGROUND OF THE INVENTION
[0002]

Conventionally, in accordance with an international
standard video encoding method, such as MPEG or ITU-T H.26x,
after an inputted video frame is partitioned into macroblocks
each of which consists of blocks of 16x16 pixels and a
motion-compensated prediction is carried out on each of the
macroblocks, information compression is carried out on the
inputted video frame by carrying out orthogonal transformation
and quantization on a prediction error signal on a per block
basis. A problem is, however, that as the compression ratio
becomes high, the compression efficiency is reduced because of
degradation in the quality of a prediction reference image used
when carrying out a motion-compensated prediction. To solve
this problem, in accordance with an encoding method such as
MPEG-4 AVC/H.264 (refer to nonpatent reference 1), by carrying
out an in-loop deblocking filtering process, a block distortion
occurring in a prediction reference image and caused by

quantization of orthogonal transform coefficients is
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eliminated.
[0003]
Fig.21lisablockdiagramshowingavideoencoding
disclosed in nonpatent reference 1. In this video
device,whenreceivinganimage signalwhichisat
encoded, a block partitioning unit 101 partitions t
signalintomacroblocks and outputsanimage signal
themacroblockstoapredictionunitl02asaparti
signal. Whenreceivingthe partitioned image signa
block partitioning unit 101, the prediction unit 10
outanintra-frameorinter-framepredictiononthe
ofeachcolorcomponentineachofthemacroblocks
a prediction error signal

[0004]
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Particularly when carrying out a motion-compensated

prediction between frames, a search for a motion ve
performed on each macroblock itself or each of subb
which each macroblock is further partitioned finely
motion-compensated prediction image is generated by
outamotion-compensatedpredictiononareference
stored in a memory 107 by using the motion vector,
prediction error signal is calculated by determinin
difference between a prediction signal showing
motion-compensated predictionimage andthe partiti
signal. Further, the prediction unit 102 outputs p

for prediction signal generation which the predicti
determineswhen acquiring the prediction signal to
length encoding unit 108. For example, the paramet
predictionsignalgenerationincludesanintrapred
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frame, and a motion vector indicating an amount of motion

between frames.

[0005]

When receiving the prediction error signal from the
prediction unit 102, a compressing unit 103 removes a signal
correlation by carrying outa DCT (discrete cosine transform)
processonthepredictionerrorsignal,andthenqu antizesthis
prediction error signal to acquire compressed data. When
receiving the compressed data from the compressing unit 103,
alocaldecodingunit104calculatesapredictione rrorsignal
correspondingtothepredictionerrorsignaloutput tedfromthe
predictionunit102 by inverse-quantizing the compr esseddata
andthencarryingoutaninverse DCT processonthe compressed
data.

[0006]

Whenreceivingthepredictionerrorsignalfromthe local
decodingunit104,anaddingunitl05addsthepred ictionerror
signalandthepredictionsignaloutputtedfromthe prediction
unit102to generate alocaldecodedimage. Aloop filter 106
eliminatesablockdistortionpiggybackedontoalo caldecoded
image signal showing the local decoded image genera ted by the
addingunit105,andstoresthelocaldecodedimage signalfrom
whichthedistortioniseliminatedinamemoryl107 asareference
image signal.

[0007]

Whenreceivingthe compressed datafromthe compres sing
unit103, avariable length encoding unit 108 entro py-encodes
thecompresseddataandoutputsabitstreamwhichi stheencoded
result. When outputting the bitstream, the variabl e length

encoding unit 108 multiplexes the parameters for pr ediction
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signal generation outputted from the prediction uni
the bitstream and outputs this bitstream.

[0008]

In accordance with the method disclosed by nonpaten

reference 1, the loop filter 106 determines a smoot
intensity for a neighboring pixel at a block bounda

on the basis of information including the granulari
guantization, the coding mode, the degree of variat
motionvector,etc.,therebyreducingdistortionso

block boundaries. As a result, the quality of the

image signal can be improved and the efficiency of
motion-compensated prediction in  subsequent
processes can be improved.

[0009]

In contrast, a problem with the method disclosed by

nonpatent reference 1 is that the amount of high fr
componentslostfromthe signalincreaseswithincr
compressionrate, and thisresults in excessive smo

the entire screen and hence the video image becomes
Inordertosolvethisproblem,nonpatentreference
asaloopfilter106,anadaptiveoffsetprocess(p

offset process) of partitioning a screen into a plu
blocks,carryingoutaclassclassificationoneach

each of the blocks into which the screen is partiti
adding an offset value which minimizes a squared er
distortion between animage signal which is an orig
signalandwhichisatargettobeencodedandare

signal corresponding to the image signal for each c
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[0010]

Nonpatent reference 1: MPEG-4 AVC (ISO/IEC 14496-10)/H.ITU-T
264 standards

Nonpatent reference 2: "CE13: Sample Adaptive Offset with
LCU-Independent Decoding”, JCT-VC Document JCTVC-E049, March
2011, Geneva, CH.

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[oo11]

Because the conventional video encoding device 1is
constructed as above, this video encoding device needs to encode
the offsets determined for several classes for each of the
blocks into which the screen is partitioned. A problem is
therefore that because a high-accuracy distortion compensation
brocess is carried out during the pixel adaptive offset process,
the code amount required to encode the offsets increases and
hence the coding efficiency drops with increase in the fineness
of partitioning of the screen into the blocks.

[0012]

The present invention is made in order to solve the
above-mentioned problem, and it is therefore an object of the
present invention to provide an image encoding device, an image
decoding device, an image encoding method, and an image decoding
method capable of reducing the code amount required to encode

offsets and hence improving the coding efficiency.

MEANS FOR SOLVING THE PROBLEM

[(0013]

In accordance with the present invention, there 1is
provided an image encoding device in which a filter determines

a classification method of carrying out a class classification
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oneachcodingblockhavingalargestsize,carries outaclass
classificationoneachpixelwithinablockinques tionbyusing
the above-mentioned classification method, calculat es an
offset value for each class, and carries out a pixe | adaptive
offset process of adding the offset value to the pi xel value
of a pixel belonging to a corresponding class, and avariable
lengthencodervariable-length-encodesanindexind icatingthe
classification method of carrying out a class class ification
oneachcodingblockhavingthelargestsize thec lassification
method being determined by the filter, and also
variable-length-encodesaparameterabouttheoffse tvaluefor
eachclassdeterminedforeachcodingblockhaving thelargest
size on the basis of a binarization process using a truncated
unary code.

ADVANTAGES OF THE INVENTION

[0014]

Because the video encoding device according to the
presentinventionisconstructedinsuchawaythat thefilter
determines a classification method of carrying out a class
classification on each coding block having the larg estsize,
carriesoutaclassclassificationoneachpixelwi thinablock
inquestionbyusingtheabove-mentionedclassifica tionmethod,
calculatestheoffsetvalueforeachclass,andcar riesoutthe
pixeladaptiveoffsetprocessofaddingtheoffset valuetothe
pixel value of a pixel belonging to the correspondi ng class,
and the variable length encoder variable-length-enc odes the
index indicating the classification method of carry ing outa
class classification on each coding block having th e largest
size,theclassificationmethodbeingdeterminedby thefilter,
andalsovariable-length-encodestheparameterabou ttheoffset
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value for each class determined for each coding blo
thelargestsizeonthebasisofthebinarizationp
atruncatedunarycode,thereisprovidedanadvant
able to reduce the code amount required to encode t
and improve the coding efficiency.

BRIEF DESCRIPTION OF THE FIGURES

[0015]

[Fig.1]Fig.lisablockdiagramshowingavideo

in accordance with Embodiment 1 of the present inve
[Fig.2]Fig.2isaflowchartshowingaprocess(

method) carried outbythevideoencodingdevicein

with Embodiment 1 of the present invention;
[Fig.3]Fig.3isablockdiagramshowingavideo

in accordance with Embodiment 1 of the present inve
[Fig.4]Fig.4isaflowchartshowingaprocess(

method) carriedoutbythevideodecodingdevicein

with Embodiment 1 of the present invention;

[Fig. 5] Fig. 5 is an explanatory drawing showing a

in which each largest coding block is

hierarchically into a plurality of coding blocks;

[Fig. 6] Fig. 6(a) is an explanatory drawing showin

distribution of coding blocks and prediction blocks
partitioning, and Fig. 6(b) is an explanatory drawi
astateinwhichacodingmode m(B

blocks through the hierarchical partitioning;
[Fig. 7] Fig. 7 is an explanatory drawing showing a
ofanintrapredictionparameter(intraprediction
canbeselectedforeach predictionblock P

B";

[Fig. 8] Fig. 8 is an explanatory drawing showing a
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of pixels which are used when generating a predicte
each pixel in a prediction block P
[Fig. 9] Fig. 9 is an explanatory drawing showing r
coordinatesofeachpixelinthe predictionblock P
determined with the pixel at the upper left corner
prediction block P
[Fig.10]Fig. 10isanexplanatory drawing showing

of a quantization matrix;
[Fig.11]Fig.1lisanexplanatorydrawing showing

of the structure of a loop filter unit of the video
deviceinaccordancewithEmbodimentloftheprese

inthe case of using a plurality of loop filtering
[Fig.12]Fig.12isanexplanatory drawing showing

of the structure of a loop filter unit of the video
deviceinaccordancewithEmbodimentloftheprese

in the case of using a plurality of loop filtering
[Fig.13]Fig.13isanexplanatorydrawingshowing

whichis one class classifying method in the case o

out a pixel adaptive offset process;
[Fig.14]Fig.14isanexplanatorydrawingshowing

whichis one class classifying method in the case o

out the pixel adaptive offset process;
[Fig.15]Fig.15isanexplanatory drawing showing

of a coded bitstream;

[Fig. 16] Fig. 16 is an explanatory drawing showing
indicating class classifying methods for use in the
adaptive offset process;

[Fig.17]Fig.17isanexplanatory drawing showing

of a table showing combinations of offsets respecti

determined for classes of the pixel adaptive offset

inin the case of |

i " being defined as the point of origin;

dvalue of
i"=mn=4;
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[Fig.18]Fig. 18isanexplanatory drawing showing

of the coded bitstream in which two or more sequenc
headers are encoded,;

[Fig.19]Fig. 19isanexplanatory drawing showing

of changing the table showing combinations of offse
respectively determined for classes of the pixel ad
offset process according to the bit depth;
[Fig.20]Fig.20isanexplanatory drawing showing

of changing the number of combinations of offsets i
table showing combinations of offset values respect
determined for classes of the pixel adaptive offset
according to the bit depth;

[Fig. 21] Fig. 21 is a block diagram showing a vide
device disclosed in nonpatent reference 1;
[Fig.22]Fig.22isanexplanatory drawing showing

of a picture structure including an IDR picture.
[Fig.23]Fig.23isanexplanatory drawing showing

of a picture structure including a CRA picture;
[Fig.24]Fig.24isanexplanatorydrawingofaco

showing a process of disabling adaptation parameter
decodingprocessstartingfromanIDRpictureora
[Fig.25]Fig.25isanexplanatorydrawingshowing
unarycodeinacaseinwhichtherangeofsymbols
extends from O to 5;
[Fig.26]Fig.26isanexplanatorydrawingshowing
[Fig.27]Fig.27isanexplanatory drawing showing

of the syntax of an adaptation parameter set; and
[Fig.28]Fig.28isanexplanatorydrawingacase

order of datain the coded bitstream of Fig. 24 inp

decoding side is changed.
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10

EMBODIMENTS OF THE INVENTION
[0016]
Hereafter,inordertoexplainthisinventioningr
detail thepreferredembodimentsofthepresentin
be described with reference to the accompanying dra
Embodiment 1.
Fig.lisablockdiagramshowingavideoencoding
in accordance with Embodiment 1 of the present inve
Referring to Fig. 1, aslice partitioning unit 14 ¢
aprocessof,whenreceivingavideosignalasani
partitioning the inputted image into one or more pa
which are referred to as "slices", according to sli
partitioninginformationdeterminedbyanencoding
unit2. Eachslicepartitionedcanbefurtherpart
coding blocks which will be mentioned below. The s
partitioning unit 14 constructs a slice partitioner
[0017]
Ablockpartitioningunitlcarriesoutaprocesso
time when receiving a slice partitioned by the slic
partitioning unit 14, partitioning the slice into |
coding blocks each of whichis a coding block havin
sizedeterminedbytheencodingcontrollingunit2,
partitioning each of the largest coding blocks into
blocks hierarchically untilthe number of hierarchi
an upper limit on the number of hierarchies, the up
being determined by the encoding controlling unit 2
specifically, the block partitioning unit 1 carries
processofpartitioningeachsliceintocodingbloc
topartitioningwhichisdeterminedbytheencoding

unit2, and outputting each ofthe coding blocks.
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codingblocksisfurtherpartitionedintooneormo
blockseachofwhichisaunitforpredictionproce
partitioning unit 1 constructs a block partitioner.
[0018]

Theencodingcontrollingunit2 carriesoutaproce
determiningthelargestsizeofeachofthecoding
isaunittobe processedatthetimewhenapredic
is carried out, and also determining the upper limi
numberofhierarchiesatthetimethateachofthe
having the largest size is hierarchically partition
blockstodeterminethesizeofeachofthecoding
encoding controlling unit 2 also carries out a proc
selecting a coding mode whichis applied to each co
outputted from the block partitioning unit 1 from o
selectablecodingmodes(oneormoreintracodingm
the sizes or the like of prediction blocks each rep
aunitforprediction processdifferfromone anoth
or more inter coding modes in which the sizes or th
prediction blocks differ from one another). Asan
the selecting method, there is a method of selectin
mode havingthe highestcodingefficiencyforthec
outputted from the block partitioning unit 1 from t
more selectable coding modes.

[0019]

The encoding controlling unit 2 further carries out
process of, when the coding mode having the highest
efficiency is an intra coding mode, determining an
prediction parameter whichis used when carrying ou
predictionprocessonthecodingblockintheintra

foreachpredictionblockwhichisaunitforpredi

reprediction

ss. Theblock

ssof
blockswhich
tionprocess
t on the
codingblocks
ed into
blocks. The
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ding block
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tanintra
codingmode
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which is shown by the above-mentioned intra coding
when the coding mode having the highest coding effi
anintercodingmode,determininganinterpredicti
whichisusedwhen carryingoutaninterprediction
the coding block in the inter coding mode for each
block which is a unit for prediction process, which
by the above-mentioned inter coding mode.
controllingunit2furthercarriesoutaprocessof
prediction difference coding parameters which the e
controlling unit provides for a transformation/quan
unit7andaninversequantization/inversetransfor
8. The prediction difference coding parameters inc
orthogonal transformation block partitioning inform
showing information about partitioning into orthogo
transformation blocks each of which is a unit for o
transformationprocessinthecodingblock,andaq
parameter defining a quantization step size at the
quantizing transform coefficients. The encoding co
unit 2 constructs a coding parameter determinator.
[0020]

Aselectswitch3carriesoutaprocessof,whenth
mode determined by the encoding controllingunit2
coding mode, outputting the coding block outputted
block partitioning unit 1 to an intra prediction un
whenthecodingmodedeterminedbytheencodingcon
2isanintercodingmode,outputtingthecodingbl
from the block partitioning unit 1 to a motion-comp
prediction unit 5.
[0021]

Theintrapredictionunit4carriesoutaprocesso

The enco

mode, and,
ciency is
onparameter
processon
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determining
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time of
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ockoutputted

ensated

f,.when



10

15

20

25

30

13

an intra coding mode is selected by the encoding co
unit 2 as the coding mode corresponding to the codi
outputted from the select switch 3, performing an i
predictionprocess (intra-frame predictionprocess)
intra prediction parameter determined by the encodi
controlling unit 2 on each prediction block, which
for prediction process at the time of performing a
processonthecodingblock,whilereferringtoal
image which is stored in a memory 10 for intra pred
as to generate an intra prediction image.
[0022]

The motion-compensated prediction unit 5 carries ou
processof,whenanintercodingmodeisselectedb
controlling unit 2 as the coding mode corresponding
codingblockoutputtedfromthe selectswitch 3, co
coding block with one or more frames of local decod
stored inamotion-compensated prediction frame mem
each prediction block which is a unit for predictio
soasto search foramotionvector, and carrying o
predictionprocess(motion-compensatedpredictionp
each prediction block in the coding block by using
motion vector and the inter prediction parameter, s
numberofaframetobereferredto, whichisdeter
encoding controlling unit 2 so as to generate an in
prediction image. A predictor is comprised of the
prediction unit 4, the memory 10 for intra predicti
motion-compensated prediction unit 5, and
motion-compensated prediction frame memory 12.

[0023]

Asubtractingunitécarriesoutaprocessofsubtr

ntrolling
ng block
ntra
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ng
is a unit
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the intra prediction image generated by the intra p

unit 4 or the inter prediction image generated by t
motion-compensated prediction unit 5 from the codin
outputted from the block partitioning unit 1, and o
apredictiondifferencesignalshowingadifference

is the result of the subtraction to
transformation/quantization unit 7. The subtractin
constructs a  difference  image  generator.
transformation/quantization unit 7 carries out a pr
carryingoutanorthogonaltransformationprocess(
(discrete cosinetransform),aDST (discrete sinet
oranorthogonaltransformationprocess,suchasa

in which bases are designed for a specific learning
inadvance)oneachofthe orthogonaltransformatio
thepredictiondifferencesignaloutputtedfromthe

unit 6 by referring to the orthogonal transformatio
partitioninginformationincludedintheprediction

coding parameters determined by the encoding contro

2soastocalculatetransformcoefficients,andal

the transform coefficients of each of the orthogona

transformation blocks by referring to the quantizat
parameter included in the prediction difference cod
parameters and then outputting compressed data whic
transform coefficients quantized thereby to the inv
quantization/inverse transformation unit 8 and a va
lengthencodingunit13. Thetransformation/quanti

7 constructs an image compressor.

[0024]
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of quantizing the transform coefficients by using a

quantization matrix for scaling the quantization st ep size
determinedfromtheabove-mentionedquantizationpa rameterfor
eachofthetransformcoefficients. Fig.10isan explanatory
drawingshowinganexampleofthequantizationmatr ixofan8x8
DCT. Numeralsshowninthefigurerepresentscalin gvaluesfor
the quantization step sizes of the transform coeffi cients.

Because a coefficient whose scaling value is 0 has

guantization step size of 0, the coefficientis equ ivalentto
"no quantization." Forexample, by performing the scalingin
such away that a transform coefficientin a higher frequency
bandhave alargerquantizationstepsizeinorder tosuppress
thecodingbitrate,asshowninFig.10,transform coefficients
inhighfrequencybandswhichoccurinacomplicate dimagearea
orthelike are reduced, thereby suppressing the co de amount,
while the encoding can be carried out without reduc ing
information about coefficients in a low frequency b and which
exertagreatinfluence upon the subjective quality . Whenit

is desirable to control the quantization step size for each
transform coefficient, what is necessary is just to use a

guantization matrix.
[0025]

Further, as the quantization matrix, a matrix which 5
independentforeachchrominancesignalandforeac hcodingmode

(intra coding or inter coding) at each orthogonal

transformationsize canbeused, andwhetherornot toselect,
asaninitialvalueofthequantizationmatrix,one quantization
matrixfromquantizationmatriceswhichareprepare dinadvance
and in common between the video encoding device and the video

decodingdeviceandalready-encoded quantizationma trices, or
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whetherornottouse, asaninitial value oftheq
matrix,anewquantizationmatrixcanbeselected.
thetransformation/quantizationunit7sets,asaq

matrix parameter to be encoded, flag information sh
whether or not to use the new quantization matrix f
orthogonaltransformation size foreachchrominance
foreach coding mode. In addition, when the new qu
matrixisused, eachofthe scalingvaluesintheq

matrix as shown in Fig. 10 is set as a quantization
parametertobeencoded. Incontrast,whenthenew
matrixisnotused,anindexspecifyingamatrixto

the quantization matrix prepared, as an initial val
advanceandincommonbetweenthevideoencodingde
video decoding device and the already-encoded quant
matricesissetasaquantizationmatrixparameter
However,whennoalready-encodedquantizationmatri

be referred to exists, only the quantization matrix
inadvance andincommonbetweenthevideoencoding
the video decoding device can be selected.
transformation/quantization unit 7 then outputs the
guantizationmatrixparameterstothevariableleng

unit 13 as a part of an adaptation parameter set.

[0026]

The inverse quantization/inverse transformation uni

carriesoutaprocessofinverse-quantizingthecom
outputtedfromthetransformation/quantizationunit
carrying out an inverse orthogonal transformation p

the transform coefficients which are the compressed

inverse-quantized thereby for each of the orthogona

transformation blocks by referring to the quantizat

uantization
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parameterandtheorthogonaltransformationblockp artitioning

information which are included in the prediction di fference
coding parametersdetermined by the encoding contro lling unit

2 so as to calculate a local decoded prediction dif ference
signal corresponding to the prediction difference s ignal
outputtedfromthe subtractingunit6. Alsowhenc arryingout
the quantizing process by using the quantization ma trix, the
transformation/quantizationunit7carriesoutaco rresponding
inverse quantization process by referringtothe qu antization
matrixalsoatthetimeofcarryingoutaninverse quantization
process. Anadding unit9 carries outaprocess of addingthe
local decoded prediction difference signal calculat ed by the
inverse quantization/inverse transformation unit 8 and the
intra predictionimage generated by the intra predi ctionunit

4 or the inter prediction image generated by the

motion-compensatedpredictionunits5soastocalcu latealocal
decodedimagecorrespondingtothecodingblockout puttedfrom
theblockpartitioningunitl. Alocaldecodedima gegenerator

is comprised of the inverse quantization/inverse

transformation unit 8 and the adding unit 9.

[0027]

Thememory10forintrapredictionisarecordingm edium
for storing the local decoded image calculated by t he adding
unit 9. A loop filter unit 11 carries out a proces s of
performing a predetermined filtering process on the local
decoded image calculated by the adding unit 9 so as to output
the local decoded image on which the filtering proc ess is
carried out. Concretely, the loop filter unit perf orms a
filtering (deblocking filtering) process of reducin g a

distortion occurring at a boundary between orthogon al



10

15

20

25

30

18

transformationblocksandadistortionoccurringat
between prediction blocks, a process (pixel adaptiv
process) of adaptively adding an offset on a per pi

an adaptive filtering process of adaptively switchi
linear filters, such as Wiener filters, so as to pe
filtering process, and so on.

[0028]

Theloopfilterunitlldetermineswhetherornott
out the process for each of the above-mentioned fil
processesincludingthedeblockindfilteringproces
adaptive offset process, and the adaptive filtering
and outputs an enable flag of each of the processes
of the adaptation parameter set to be encoded and a
slice level header, to the variable length encoding
When using two or more of the above-mentioned filte
processes, the loop filter unit carries out the two
filteringprocessesinorder. Fig.11showsanexa
structure of the loop filter unit 11 in the case of
plurality offilteringprocesses. Ingeneral,whil
quality is improved with increase in the number of
filteringprocessesused,theprocessingloadisin
increase in the number of types of filtering proces
More specifically, there is a trade-off between the
quality and the processing load. Further, an impro
effect of the image quality which is produced by ea
filteringprocessesdiffersdependinguponthechar
of the image which is the target for the filtering
Therefore,whatisnecessaryisjusttodeterminet
processestobeusedaccordingtotheprocessinglo

in the video encoding device and the characteristic
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image whichisthetargetforthefiltering process
filter unit 11 constructs a filter.
[0029]

Inthe deblockingfiltering process, various parame
usedfortheselectionoftheintensityofafilter
to ablock boundary can be changed from their initi
When changing a parameter, the parameter is outputt
variable length encoding unit 13 as a part of the a
parameter set to be encoded. In the pixel adaptive
process, the image is partitioned into a plurality
first,acaseofnotcarryingouttheoffsetproces
asone classclassifyingmethodforeachofthe cod
and one class classifying method is selected from a
plurality of class classifying methods which are pr
advance. Next,byusingtheselectedclassclassif
each pixel included in the block is classified into
classes, and an offset value for compensating for a
distortion is calculated for each of the classes.
process of adding the offset value to the brightnes
the local decoded image is carried out, thereby imp
image quality of the local decoded image. Therefor
pixel adaptive offset process, the block partitioni
information, anindexindicating the class classify
selectedforeachblock,andoffsetinformationspe
offsetvaluecalculatedforeachclassdeterminedo
basisare outputtedtothe variable lengthencoding
a part of the adaptation parameter set to be encode
pixel adaptive offset process, for example, the ima
always partitioned into blocks each having a fixed

as largest coding blocks, and a class classifying m
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be selected for each of the blocks and the adaptive
process for each class can be carried out. In this
above-mentioned block partitioning information beco
unnecessary, and the code amount can be reduced by
amount required for the block partitioning informat
[0030]

Intheadaptivefilteringprocess,aclassclassifi
is carried out on the local decoded image by using
predetermined method, a filter for compensating for
distortion piggybacked on the image is designed for
(localdecodedimage)belongingtoeachclass,and
process offilteringthe localdecodedimageiscar
using the filter. The filter designed for each cla
outputtedtothevariablelengthencodingunit13a
the adaptation parameter set to be encoded. As the
classifying method, there are a simple method of pa
theimageintoequalpartsspatiallyandamethodo
a classification on a per block basis according to
characteristics (avarianceandsoon)oftheimage
the number of classes used in the adaptive filterin
canbepresetasavaluecommonbetweenthevideoe
and the video decoding device, or can be preset as
the adaptation parameter set to be encoded. The im
effect of the image quality in the latter case is e
because the number of classes used in the latter ca
setfreely ascomparedwiththatinthe formercase
code amount is increased by that required for the n
classes because the number of classes is encoded.
[0031]

In addition, the class classification for the adapt
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filtering process, and the filter design and the fi ltering
processcanbecarriedouton,insteadoftheentir eimage,each
block having a fixed size, e.g., each largest codin g block.
Morespecifically,theclassclassificationcanbe carriedout
oneachsetofpluralsmallblocks,intowhicheach blockhaving

a fixed size is partitioned, according to the local

characteristics (avariance and soon) oftheimage andfilter
design and the filtering process can be carried out for each
class, the filter of each class can be encoded, as a part of
theadaptationparameterset,foreachblockhaving afixedsize.
Bydoingthisway,ahigh-accuracyfilteringproces saccording
tothelocalcharacteristicscanbeimplementedas comparedwith
the case of carrying outthe class classification, thefilter
design,andthefilteringprocessontheentireima ge. Because
itisnecessaryfortheloopfilterunitl1torefe rtothevideo
signalwhencarryingoutthe pixeladaptive offset processand
the adaptive filtering process, itis necessary to modify the
video encoding device shown in Fig. 1 in such a way that the

video signal is inputted to the loop filter unit 11

[0032]

The motion-compensated prediction frame memory 12 i sa
recording medium that stores the local decoded imag e onwhich
the filtering process is carried out by the loop fi Iter unit
11. The variable length encoding unit 13
variable-length-encodesthecompresseddataoutputt edthereto
fromthetransformation/quantizationunit7,theou tputsignal
of the encoding controlling unit 2 (the block parti tioning
informationaboutthepartitioningofeachlargest codingblock,
the codingmode, the prediction difference coding p arameters,

and the intra prediction parameter or the inter pre diction
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parameter),
motion-compensated prediction unit5 (when the codi
anintercodingmode)soastogeneratecodeddata.

length encoding unit 13 also encodes sequence level
picture level headers, and adaptation parameter set
header information of the coded bitstream, as illus
Fig.15,soastogeneratethecodedbitstreamasw

data. The variable length encoding unit 13 constru
variable length encoding unit.

[0033]

Picturedataconsistsofoneormoreslicedata,an
slice data is a combination of a slice level header
dataasmentionedaboveinthecorrespondingslice.
level header is a combination of pieces of header i
whicharetypicallycommononapersequencebasis,
ofheaderinformationincludingtheimagesize,the
signal format, the bit depths of the signal values
luminance signal and the color difference signals,
enable flag information about each of the filtering
(the adaptive filtering process, the pixel adaptive
process, and the deblocking filtering process) whic
carriedoutonapersequencebasisbytheloopfil
A picture level header is a combination of pieces o0
information which are set on a per picture basis, t
ofheaderinformationincludinganindexindicating
levelheadertobereferredto,thenumberofrefer
at the time of motion compensation, and a probabili
initialization flag for entropy encoding.

[0034]

Aslicelevelheaderisacombinationofparameters

and the motion vector outputted from

th
ngmodeis
Thevariable
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trated in
ellaspicture

Cts a

deach
and coded
Asequence
nformation
thepieces
chrominance
of the
and the
processes
offset
h are
terunit11l.
f header
he pieces
asequence
encepictures

ty table

which



10

15

20

25

30

23

aresetonaperslicebasis,theparametersinclud
information showing at which position of the pictur
correspondingslice exists, anindexindicatingwhi
levelheaderistobereferredto,thecodingtype

(all intra coding, inter coding, or the like), an i
indicating the adaptation parameter set which is us
correspondingslice, and the flaginformation showi
ornottocarryouteachofthefilteringprocesses

filtering process, the pixel adaptive offset proces
deblockingfiltering process)intheloopfilterun

the adaptation parameter setindicated by the above
index. Theadaptationparametersethasflagsshow

or not parameters (filter parameters) associated wi

adaptivefilteringprocess,thepixeladaptiveoffs

and the deblocking filtering process and a paramete

(quantization matrix parameter) associated with
quantization matrix exist respectively, and has par
corresponding to only the parameters whose flags me
above are "enable." The adaptation parameter set a
indexes (aps_id) for identifying a plurality of ada
parametersets,whicharemultiplexedintothecode
respectively.

[0035]

Inthis case, when encoding a new sequence level he
(sequencelevel header 2) atthetime ofasequence
showninFig.18,thevariablelengthencodingunit
alltheadaptationparametersetswhichhavebeene
this sequence level header is encoded. Therefore,
example shown in Fig. 18, a reference to any adapta

parametersetoverasequencelevelheader,suchas

ingposition
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to an adaptation parameter set 2 for encoding of pi

30, is prohibited. More specifically, when a param
adaptationparametersetisusedforapicturetob
afteranewsequencelevelheader(sequencelevelh
encoded, it is necessary to encode the parameter as
adaptationparameterset. Therefore,anadaptation
setwhichisencodednewlywhenapastadaptationp
cannotbeusedatallbecausethedisablingprocess

the above-mentioned adaptation parameter set or the
carried out is the one in which a parameter, such a
guantization matrix, does not refer to the past ada
parameter set, and all the parameters can be decode
onlytheadaptationparametersetinquestion. By

an adaptation parameter set by using a sequence lev
atthetime ofasequence changethisway,whenan

in the coded bitstream before a new sequence level
decoded, the video decoding device can avoid adeco
caused by a reference to an adaptation parameter se
stream and therefore can improve the error resistan
alternative,asequencelevelheadercanbeconstru

away asto have aninitialization flag aps_reset_f
adaptation parameter set, thereby improving the err
resistance. Concretely, only when the initializati
aps_reset_flagissetto"enable”,theadaptationp

is initialized, whereas when the initialization fla
aps_reset_flagis setto "disable"”, the adaptation

setis not initialized. By providing an initializa

for an adaptation parameter set as one of the param

sequence level header this way, an adaptive initial

process can be carried out, and by carrying out the

cture data
eterinan
eprocessed
eader2)is
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initialization only whenitis necessary toimprove
resistance, reduction in the coding efficiency due
initializationofanadaptationparametersetcanb
[0036]

Inaddition,asspecialpicturesthatguaranteethe
decoding device to carry outarandom access proces
abletocorrectlyperformanimage playbackofapr
picture and subsequent pictures even if the video d
devicestartsdecodingfromsomemidpointintheco
not from the head of the coded bitstream, there are
(instantaneousdecodingrefresh)picturesandCRA(
access) pictures. Fig. 22 shows an example of the
structure including an IDR picture. In the example
Fig.22,initialvaluesshowingthedisplayordera
(decoding)orderaresetto0. AnIDRpictureisa
picture, and is the one which makes it possible to,
the decoding is started from the IDR picture, alway
correctly decode the IDR picture and pictures to be
after the IDR picture by imposing a limitation of r
pictures at the time of motion compensation shown i
on pictures (pictures gray-colored in Fig. 22)to b
after the IDR picture. Next, Fig. 23 shows an exam
picturestructureincludingaCRApicture. Inthe
in Fig. 23, initial values showing the display orde
coding(decoding)orderaresetto0. ACRApictur
coded picture, andisthe one which makesit possib
when the decoding is started from the CRA picture,
correctly decode the CRA picture and picturesto be
after the CRA picture by imposing a limitation of r

pictures at the time of motion compensation shown i

the error
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on pictures (pictures gray-colored in Fig. 23) to b e encoded
after the CRA picture and to be displayed in order after the
CRA picture, and by further prohibiting the existen ce of a
picturetobeencodedbeforethe CRApictureandto bedisplayed

in order after the CRA picture.

[0037]

In this case, there is a possibility that, when ran dom
accessaccordingtoan IDR picture ora CRApicture iscarried
out,apicture,whichisassumed,asmentionedabov e,tobeable
tobecorrectlydecodedaccordingtothe DR pictur eortheCRA
picture, cannot be correctly decoded (because there is a
possibility that a picture which is assumed to be a ble to be
correctly decoded refersto an adaptation parameter setwhich
isencoded before the IDR picture orthe CRA pictur e)whenall

the adaptation parameter sets encoded before the

above-mentioned picture are not provided. Therefor e, asthe
length of the part of the coded bitstream preceding the coded
dataaboutan IDR picture ora CRApictureincrease s,alarger
number of adaptation parameter sets have to be deco ded,anda
reduction of the error resistance occurs, for examp le, an
adaptation parameter set cannot be decoded due to a n error
occurringinthepartofthecodedbitstreampreced ingthecoded
dataaboutthelDRpictureortheCRApictureandh enceapicture
cannotbe decoded correctly. Tosolvethisproblem ,asapart
of the parameters of each adaptation parameter set, a flag
previous_aps_clear_flag for disabling already-encod ed
adaptation parameter sets is provided. When a
previous_aps_clear_flagissetto"enable” thevar iablelength
encodingunitl3disablestheadaptationparameter setsencoded

before the adaptation parameter set, whereas when a
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previous_aps_clear_flag is set to "disable", the va riable
lengthencodingunit13doesnotcarryoutthe abov e-mentioned

disabling process.

[0038]

Fig. 24 shows an example of the coded bitstream sho wing
the disabling process of disabling some adaptation parameter
sets. Itisassumedthatforpicturedata31shown inFig.24,
an encoding (decoding) processis carried outby re ferringto
a sequence level header 2, a picture level header 3 , and an
adaptation parameter set 21. In general, a unit fo r picture
access which is a combination of picture data and t he header
information associated with the picture data, which isformed
inthe above-mentioned way, isreferred to asan ac cessunit.
The adaptation parameter sets 1 to 20, which are in cludedin
the adaptation parameter sets shown in Fig. 24, are disabled
by setting the flag previous_aps clear_flag of only the
adaptationparameterset21to“enable”,areferenc etoany of
theadaptationparametersetslto20cannotbemad eforpictures
tobeencodedinorderafterthelDRpictureorthe CRApicture.
Therefore,whencarryingoutrandomaccessaccordin gtothelDR
picture orthe CRA picture, whatisnecessaryisju sttocarry
outdecodingfromthesequencelevelheader2shown inFig.24.

On the other hand, when a high-speed decoding proce ss at the
timeofrandomaccessandahighdegreeoferrorre sistanceare
notrequired, whatisnecessaryisjusttoalwayss ettheflag
previous_aps_clear_flagto"disable"soasnottod isablethe
adaptation parameter sets. Therefore,anadaptive process of

disabling adaptation parameter sets by using a flag
previous_aps_clear_flag can be implemented.

[0039]
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In the above-mentioned example, an adaptive process of

disabling adaptation parameter sets for random acce
implemented by using the flag previous_aps_clear_fl
adaptation parameter set. As an alternative, an ad
process of disabling adaptation parameter sets for
access can be implemented by providing a
part_aps_clear_flag for disabling some adaptation p
sets when encoding (decoding) an IDR pictureoraC
inasequencelevelheaderoraunitreferredtoas
ANALunitistheoneinwhichslicedata,asequen
picturelevelheaders,adaptiveparameterheaders,

as shown in Fig. 15 is stored, and has identificati
information for identifying whether data stored the
slicedataorheaderinformation. Inacaseinwhi
inaNALunitisslicedata,itcanalsobeidentif

identification information that the picture is an |

a CRA one.

[0040]

Concretely, if a flag part_aps_clear_flag is set to
"enable” when encoding an IDR picture or a CRA pict
variable length encoding unit 13 implements an adap
disabling process of disabling adaptation parameter
random access, which is the same as that in the cas
a flag previous_aps_clear_flag, by disabling the ad
parameter sets preceding the picture data about the
immediatelyprecedingthelDRpictureortheCRApi
specifically, in the example shown in Fig. 24, by s
flagpart_aps_clear_flaginthesequencelevelhead
NAL unit of the picture data 31 to "enable", the ad

parameter sets preceding the picture data 30 which
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immediately preceding the picture data 31 are disab led when
encoding the picture data 31. Therefore, for pictu res to be
encoded in order after the IDR picture or the CRA p icture, a
reference to any one of the adaptation parameter se ts1to20
cannot be made. More specifically, the adaptation parameter
setsprecedingtheaccessunitincludingthepictur edataabout
thelDRpictureortheCRApicturearedisabled,an dnoreference
can be made. Therefore, when carrying out random a ccess
according to the IDR picture or the CRA picture, wh at is
necessaryisjusttocarryoutdecodingfromthese guencelevel

header 2 shown in Fig. 24.

[0041]

In the above-mentioned explanation, the disabling
process of disabling adaptation parameter setsisc arried out
when a flag part_aps_clear_flag is set to "enable.” As an
alternative, instead of disposing a flag as mention ed above,
the disabling process of disabling adaptation param eter sets
canbealwayscarriedoutwhenencodinganIDR pict ureoraCRA
picture. By doingthisway,the code amountisred ucedbythe
code amount required to encode a flag as mentioned above.
Further, the process ofreferringtoaflagas ment ionedabove
when performingthe encoding processbecomesunnece ssary,and

the video encoding device is simplified.

[0042]

In addition, as another method of implementing the
disabling process of disabling adaptation parameter sets
according to an IDR picture or a CRA picture, there can be
providedamethodofconstructingavideoencoding devicethat
providesaparameteraps_group_idineachadaptatio nparameter

set. In the above-mentioned video encoding device, as shown
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inFig. 27, the above-mentioned parameter is dispos
adaptationparameterset,and,whenencodinganIDR
a CRA picture, the variable length encoding unit 13
an adaptation parameter set having aps_group_id who
differs from that of aps_group_id which another ada
parameter set has, the other adaptation parameter s
referredtobythelDRpictureortheCRApicture.
in the case shown in Fig. 24, by setting the parame
aps_group_idoftheadaptationparametersets1to
andalsosettingtheparametersaps_group_idofthe
parameter set 21 and subsequent adaptation paramete
one,thevariablelengthencodingunitdisablesthe
parametersetslto20whoseparametersaps_group_i
from the parameter aps_group_id (=1) of the adaptat
parameter set 21 when the adaptation parameter set
referredtobythepicturedata31aboutthe DR pi
CRApicture. Therefore,theadaptationparameters
arenotreferredtobythepicturedata3landsubs
data.
[0043]

Bythuscarryingouttheencodinginsuchawayas
the value of the parameter aps_group_id of an adapt
parametersetaccordingtoanIDRpictureoraCRA
referencetoadaptationparametersetsislimited,
decodingdeviceisenabledtocorrectlydecodeapr
pictureandsubsequentpictureswhenstartingthed
anaccessunitincludingthepicturedataaboutthe
orthe CRA picture. aps_group_id can be alternativ
havingonlyavalueofOorl. Inthiscase,asim

process of disabling adaptation parameter sets can

edineach
pictureor
disables
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implementedbyswitchingthevalueoftheabove-men tionedflag
which an adaptation parameter set has according to an IDR

picture or a CRA picture fromOto1orfrom1to0

[0044]

By using a method of introducing aps_group_id as
mentionedabove,thedecodingcanbecarriedoutco rrectlyeven
whentheorderofdatainthe codedbitstreamwhich isreceived
bythe video decoding device has changed fromthe o rder ofthe
data encoded by the video encoding device from the reason for
transmitting the coded bitstream while distributing thecoded
bitstreamamongapluralityoflines,orthelike. Concretely,
even in a case in which the coded bitstream in whic hthe data
areencodedintheorderofFig.24 hasbeenchange dtotheone
inwhichtheadaptationparametersets2land22ar etobedecoded
before the picture data 30 when reaching the video decoding
device, as shown in Fig. 28, the adaptation paramet ersetsl
to 20 whose parameters aps_group_id (=0) differ fro m that of
the adaptation parameter set21 can be disabled app ropriately
when the adaptation parameter set 21 is referred to by the
picture data 31 about the IDR picture or the CRA pi cture. In
accordance with the method of introducing aps_group _id as
mentionedabove, whenahigherpriorityisgivento thecoding
efficiency thanto the error resistance, the reduct ioninthe
coding efficiency due to restrictions imposed on ad aptation
parametersetswhichcanbereferredtocanbeprev entedbecause
adaptationparametersetsdonotneedtobedisable dbycarrying
outtheencodinginsuchawaythatthevaluesoft heparameters
aps_group_id ofthe adaptation parameter setsaren otchanged
accordingtoanIDRpictureoraCRApicture. Furt her,thevideo

encoding device that has a parameter aps_group_id i n each
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adaptation parameter set can be constructed in such

to disable an adaptation parameter set whose parame

aps_group_id has a value different from that of a p
aps_group_idwhichistobereferredtoalsowhena

than IDR pictures and CRA pictures is decoded. By

way, the video encoding device can carry out an ada

disabling process of disabling adaptation parameter
arbitrarily setting the timing with which to change
parameteraps_group_idofanadaptationparameters
implement an adaptive process having error resistan
[0045]

Inaddition,thevideoencodingdevicecanbeconst
insuchawaythatwhenencodinganIDRpictureor
the variable length encoding unit 13 disables the a
parameter sets having indexes smallerthanthe inde

of an adaptation parameter which is to be referred

IDR picture or the CRA npicture, as another method o

implementing the disabling process of disabling ada
parameter sets according to an IDR picture or a CRA
More specifically, in a case in whichindexes are a
adaptationparametersetsintheorderinwhichthe
parameter sets are encoded inthe examples of Figs.
when the adaptation parameter set 21 is referred to
picture data 31 about an IDR picture or a CRA pictu
adaptation parameter sets 1 to 20 having indexes sm
the index of the adaptation parameter set 21 are di
Therefore, the adaptation parameter sets 1 to 20 ar
referredtobythepicturedata3landsubsequentp

and the video decoding device can always and correc

apredetermined picture and subsequentpictureswhe
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the decoding from the access unit including the pic
31 about the IDR picture or the CRA picture.
[0046]

Inaddition, the variable lengthencodingunit13c
canbeconstructedinsuchawayasto,instead of
quantization matrix parameteras anadaptation para
encode the quantization matrix parameter in a pictu
headerasaparameterwhichcanbechangedonaper
Bydoingthisway,thevariablelengthencodinguni
thequantizationmatrixparameterandthefilterpa
independent units respectively. In this case, the
processesastheadaptationparametersetinitializ
using a sequence level header and the disabling pro
disablingadaptationparametersetsaccordingtoan
picture,whichareexplainedabove,arecarriedout
quantization matrix parameter.

[0047]

Further, the variable length encoding unit 13 can b

constructedinsuchawayasto,insteadofencodin
parameters which are used in the loop filter unit 1
adaptation parameter set, encode the filter paramet
areusedonaperslice basis by directly usingthe

about a slice level header or the like. By doing t

because it becomes unnecessary to encode indexes ea

indicatinganadaptation parametersetwhichisto

to at the time of the decoding process on each slic
oneslicelevelheaderforthefilterparameterswh
intheloopfilterunit11whennoredundantfilter

exist between slices, the code amount of the indexe

reduced and the coding efficiency can be improved.
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[0048]

In the example shown in Fig. 1, the block partition
unit 1, the encoding controlling unit 2, the select
theintrapredictionunit4,themotion-compensated
units,thesubtractingunit6 thetransformation/
unit 7, the inverse quantization/inverse transforma
8, the adding unit 9, the memory 10 for intra predi
loop filter unit 11, the motion-compensated predict
memory 12, andthevariablelengthencodingunit13
the components of the video encoding device, can co
pieces of hardware for exclusive use (e.g., semicon
integratedcircuitsineachofwhichaCPUismount
microcomputers,orthelike),respectively. Asan

the video encoding device can consist of a computer

program in which the processes carried out by the b

partitioningunitl,theencodingcontrollingunit
switch 3, the intra prediction unit4, the motion-c

prediction unit 5, the subtracting unit 6,

ing
switch 3,
prediction
quantization
tion unit
ction, the
ion frame
,whichare
nsist of
ductor
ed,onechip
alternative,
, and a
lock
2 theselect

ompensated

transformation/quantization unit 7, the inverse

guantization/inversetransformationunit8,theadd
theloopfilterunit1l,andthevariablelengthen
13aredescribed canbe storedinamemoryofthec
theCPUofthecomputercanbemadetoexecutethe
inthe memory. Fig. 2is aflow chart showing the
(videoencodingmethod)carriedoutbythevideoen
in accordance with Embodiment 1 of the present inve
[0049]

Fig.3isablockdiagramshowingthevideodecodin
in accordance with Embodiment 1 of the present inve

ReferringtoFig. 3,whenreceivingthebitstreamg

ingunit9,
codingunit
omputerand
programstored
processing
codingdevice

ntion.

gdevice
ntion.

enerated by
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the video encoding device shown in Fig. 1, a variab

decoding unit 31 decodes each of the pieces of head

information, such as sequence level headers, pictur
headers, adaptation parameter sets, and slice level
fromthebitstream,andalsovariable-length-decode
partitioninginformationshowingthepartitionings
ofcodingblockspartitionedhierarchicallyfromth

At this time, from the quantization matrix paramete
adaptation parameter set variable-length-decoded by
variable length decoding unit 31, the video decodin
specifiesthe quantization matrix ofthe adaptation

set. Concretely, for each of the chrominance signa

each coding mode at each orthogonal transformation

video decoding device specifies the quantization ma
which the quantization matrix parameter is prepared
initial value, in advance and in common between the
encoding device and the video decoding device. As
alternative,whenthequantizationmatrixparameter

the quantization matrix is an already-decoded one (
guantizationmatrixisnotanewone),thevideode

specifies the quantization matrix by referring to t
information specifying which quantization matrix in
above-mentioned matrices included in the above-ment
adaptationparametersetisthequantizationmatrix
thequantizationmatrixparametershowsthatanew
matrixisused, specifies,asaquantizationmatrix

the quantization matrix included in the quantizatio
parameter. The variable length decoding unit31al
outaprocessofreferringtoeachheaderinformati

each largest decoding block included in slice data

le length
er
e level
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tateofeach
ebitstream.
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corresponding to each "largest coding block” in the video
encodingdeviceofFig.1),referringtotheblock partitioning
informationtospecifyeachdecodingblockwhichis oneofunits
into which each largest decoding block is hierarchi cally
partitionedandonwhichthevideodecodingdevice carriesout
adecodingprocess(ablockcorrespondingtoeach” codingblock™

in the video encoding device of Fig. 1), and

variable-length-decodingthecompresseddata,thec odingmode,
theintrapredictionparameter(whenthecodingmod eisanintra
coding mode), the inter prediction parameter (when the coding
modeisanintercodingmode),thepredictiondiffe rencecoding
parameters, and the motion vector (when the coding modeisan
inter coding mode), which are associated with each decoding
block. The variable length decoding unit 31 constr ucts a

variable length decoder.

[0050]

Aninverse quantization/inverse transformation unit 32
carriesoutaprocessofinverse-quantizingthecom presseddata
variable-length-decoded by the variable length deco ding unit
31foreachorthogonaltransformationblockbyrefe rringtothe
guantizationparameterandtheorthogonaltransform ationblock
partitioning informationwhich areincludedinthe prediction
difference coding parameters variable-length-decode d by the
variablelengthdecodingunit31,andalsoperformi nganinverse

orthogonal transformation process on the transform

coefficients which are the compressed data inverse- quantized
thereby to calculate a decoded prediction differenc e signal
which is the same as the local decoded prediction d ifference
signal outputted from the inverse quantization/inve rse

transformation unit 8 shown in Fig. 1. The inverse
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quantization/inverse transformation unit 32 constru cts a
difference image generator.
[0051]

In this case, when each header information
variable-length-decoded by the variable length deco ding unit
31showsthatthe inverse quantization processis ¢ arried out
ontheslicecurrentlybeingprocessedbyusingthe guantization
matrix, the inverse quantization/inverse transforma tion unit
carries out the inverse quantization process by usi ng the
quantization matrix. Concretely, the inverse
guantization/inverse transformation unit carries ou t the
inverse quantization process by using the quantizat ion matrix
of the adaptation parameter set which is specified from each
header information and which is referred to by the slice
currently being processed.

[0052]

A select switch 33 carries out a process of, when t he
coding mode variable-length-decoded by the variable length
decodingunit3lisanintracoding mode, outputtin gtheintra
prediction parameter variable-length-decoded by the variable
length decoding unit 31 to an intra prediction unit 34, and,
when the coding mode variable-length-decoded by the variable
lengthdecodingunit3lisanintercodingmode,ou tputtingthe
inter prediction parameter and the motion vector wh ich are
variable-length-decoded by the variable length deco ding unit
31 to a motion compensation unit 35.

[0053]

The intra prediction unit 34 carries out a process of,

when the coding mode associated with the decoding b lock

specified from the block partitioning information
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variable-length-decoded by the variable length deco
31 is an intra coding mode, performing an intra pre
process (intra-frame prediction process) using the
predictionparameteroutputtedfromtheselectswit
predictionblock,whichisaunitforpredictionpr

time of carrying out the prediction process on the
block, while referring to a decoded image stored in

37 forintra prediction so as to generate anintra

image.

[0054]

Themotioncompensationunit35carriesoutaproce

when the coding mode associated with the decoding b

specified from the block partitioning
variable-length-decoded by the variable length deco
31 is an inter coding mode, performing an inter pre
process (motion-compensated prediction process) usi
motion vector and the inter prediction parameter wh
outputted from the select switch 33 on each predict
whichisaunitforprediction processatthetime
out the prediction process on the above-mentioned d
block, while referring to a decoded image stored in
motion-compensatedpredictionframememory39soas
an inter prediction image. A predictor is comprise
intra prediction unit 34, the memory 37 for intrap
the motion compensation unit 35, and the motion-com
prediction frame memory 39.
[0055]

An adding unit 36 carries out a process of adding t

decodedpredictiondifferencesignalcalculatedby

quantization/inverse transformation unit 32 and the

information

ding unit
diction
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decoding
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predictionimage generated by the intra prediction
theinterpredictionimagegeneratedbythemotion
part35soastocalculate the same decodedimage a
decoded image outputted from the adding unit 9 show
1. The adding unit 36 constructs a decoded image g
[0056]

Thememory 37forintrapredictionisarecordingm
forstoringthedecodedimagecalculatedbytheadd
A loop filter unit 38 carries out a process of perf
predeterminedfilteringprocessonthedecodedimag
bytheaddingunit36soastooutputthedecodedi
the filtering process is carried out. Concretely,
filterunitperformsafiltering(deblockingfilter
of reducing a distortion occurring at a boundary be
orthogonaltransformationblocksandadistortiono
aboundarybetweenpredictionblocks,aprocess(pi
offset process) of adaptively adding an offseton a
basis, an adaptive filtering process of adaptively
among linear filters, such as Wiener filters, to pe
filtering process, and so on. However, for each of
above-mentioned filtering processes including the d
filtering process, the pixel adaptive offset proces
adaptive filtering process, the loop filter unit 38
whetherornotto carry outthe processontheslic
being processed by referring to each header informa
variable-length-decoded by the variable length deco
31. Inthe case in which the video encoding device
encodesthefilterparameterswhichareusedonap
by directly using slice data, instead of encoding t

parameters which are used by the loop filter unit 3

unit34 or

compensation
sthelocal
nin Fig.

enerator.

edium
ingunit36.
orming a
ecalculated
mageonwhich
the loop
ing)process
tween
ccurringat
xeladaptive
per pixel
switching
rform the
the
eblocking
s,andthe
specifies
ecurrently
tion
ding unit
of Fig. 1
erslicebasis
he filter

8asapart
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of an adaptation parameter set which is one piece o
information, the variable length decoding unit31d
filterparameterswhichareusedbytheloopfilter

the slice data. At this time, in the case in which

filter unit 11 of the video encoding device is cons
showninFig.11,theloopfilterunit38isconstr

in Fig. 12 in the case of carrying out two or more
processes. The loop filter unit 38 constructs a fi

[0057]

In the deblocking filtering process, when referring

the adaptation parameter setwhichistobe referre

slice currently being processed, and there exists ¢

information for changing the various parameters use
selection of the intensity of a filter applied to a
boundaryfromtheirinitialvalues,theloopfilter

outthedeblockingfilteringprocessonthebasiso

information. When no change information exists, th

filter unit carries out the deblocking filtering pr
according to a predetermined method.
[0058]

Inthepixeladaptiveoffsetprocess,theloopfilt
referstothe adaptation parametersetwhichisto
to by the slice currently being processed, partitio
decodedimageintoblocksonthebasisoftheblock
information included in the adaptation parameter se
to the index included in the adaptation parameter s
indicating the class classifying method of each of

on a per block basis, and, when the index does not

not carry out the offset process”, carries out a cl

classification on each pixel in each of the blocks

f header
ecodesthe
unit38from
the loop
tructed as
uctedasshown
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to the class classifying method indicated by
above-mentionedindexonaperblockbasis. Ascan

the class classifyingmethod, class classifyingmet
arethe same as candidatesforthe classclassifyin
thepixeladaptiveoffsetprocesscarriedoutbyth

unit 11 are prepared in advance. The loop filter u
refers to the offset information specifying the off
calculated for each class determined on a per block
(offsetinformationincludedintheadaptationpara
andcarriesoutaprocessofaddingtheoffsettot

value of the decoded image.

[0059]

However, in a case in which the pixel adaptive offs
process carried out by the loop filter unit 11 of t
encoding device is constructed in such a way as to
partitiontheimageintoblockseachhavingafixed
largestcodingblocks)withoutencodingtheblockp
information, selectaclassclassifyingmethodfor
blocks,andcarryouttheadaptiveoffsetprocessf
the loop filter unit 38 also carries out the pixel
offsetprocessoneachblockhavingthesamefixed
processed by the loop filter unit 11.

[0060]

Inthe adaptive filtering process, the loop filter
referstothe adaptation parameter setwhichisto
tobytheslice currentlybeingprocessed, and, aft
outaclassclassificationaccordingtothesameme
used by the video encoding device of Fig. 1, carrie

filtering process by using the filter for each clas

in the adaptation parameter set on the basis of inf

didatesfor
hodswhich
gmethod of
eloopfilter
nit then
setvalue
basis
meterset),

hebrightness

et
he video
always
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about the class classification. However, in a case
intheadaptivefilteringprocesscarriedoutbyth
unitllofthevideoencodingdevice,theabove-men
classification,andthefilterdesignandthefilte

are constructed insuchaway astobe carried out
oftheentireimage, eachblockhavingafixedsize
largestcodingblock, theloopfilterunit38also
filterusedforeachclassandcarriesouttheabov
classclassificationandtheabove-mentionedfilter
on each block having a fixed size which is the same
processed by the loop filter unit 11.

[0061]

When anew sequence level header (sequence level he
2)isinsertedintosomemidpointinthecodedbits
ofasequence change, asshowninFig.18,thevari
decoding unit 31 disables all the adaptation parame
already decoded when decoding the new sequence leve
Therefore, in the example shown in Fig. 18, arefer
adaptationparametersetoverasequencelevelhead
a reference to an adaptation parameter set 2 at the
decoding picture data 30, is not made. In addition
adaptationparametersetwhichisdecodedwhenpast
parametersetscannotbeusedatallthroughtheab
disablingprocessofdisablingadaptationparameter
like is the one in which parameters including a qua
matrixdonotrefertoapastadaptationparameter
makes it possible to decode all the parameters by u
theadaptationparametersetinquestion. Thisres
prevent a decoding error from occurring as a result

anerroroccursinapartofthe coded bitstream pr

in which
eloopfilter
tionedclass
ringprocess
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newsequencelevelheader,referringtoanadaptati
setinthe partofthebitstream, therebybeingabl
theerrorresistance. However,inthe caseinwhic
encoding device is constructed in such a way as to
initialization flag aps_reset flag for each adaptat
parameter set in a sequence level header, each adap
parametersetisinitializedonlywhenitsflagaps
decoded by the variable length decoding unit 31 is
"enable”, whereas each adaptation parameter set is
initialized whenitsflagaps_reset_flagissetto
By doing this way, the video decoding device can co
decode the stream generated by the video encoding d
carries out the adaptive initializing process using
initialization flag aps_reset flag for each adaptat
parameter set.
[0062]

Inaddition,inthecaseinwhichthevideoencodin

is constructed in such a way as to have, as a part

parameters of each adaptation parameter set, a flag

previous_aps_clear _flag for disabling
adaptation parameter sets, when a previous_aps_clea
decoded by the variable length decoding unit 31 is

"enable", the variable length decoding unit 31 disa

adaptation parameter sets decoded before the adapta

parameterset,whereaswhentheprevious_aps_clear_
to"disable",thevariablelengthdecodingunitdoe
outtheabove-mentioneddisablingprocess. Moresp

in the example of the coded bitstream shown in Fig.
the variable length encoding unit 13 of the video e

device has encoded the flag previous_aps_clear_flag

already-decod

onparameter
etoimprove
hthevideo
have an
ion
tation
_reset _flag
set to
not
"disable."
rrectly
evice that
the

ion

gdevice

of the

ed
r_flag
set to
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tion
flagisset
snotcarry
ecifically,
24, when
ncoding
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adaptation parameter set 21 as "enable", the adapta
parameter sets 1 to 20 are disabled and no referenc
adaptation parameter sets 1 to 20 is made for pictu
encoded in order after an IDR picture or a CRA pict
Therefore, random access according to the IDR pictu
CRApicturecanbeimplementedinthedecodingfrom
level header 2 which is the head of the access unit
the picture data 31 about the IDR picture or the CR
[0063]

Asanalternative,inthecaseinwhichthevideoe
deviceisconstructedinsuchawayastoimplement
process of disabling adaptation parameter sets for
access by providing a flag part_aps_clear_flag for
someadaptationparametersetswhendecodinganIDR
a CRA picture in a sequence level header or a NAL u
a flag part_aps_clear_flag decoded by the variable
decoding unit 31 at the time of decoding an IDR pic
CRA picture is set to "enable”, the variable length
unit 31 disables the adaptation parameter sets prec
picture data about the picture immediately precedin
picture orthe CRApicture. Morespecifically,in
showninFig. 24, whenthe variable lengthencoding
the video encoding device has encoded the
part_aps_clear_flaginthe sequence level header 2
unit of the picture data 31 as "enable", the adapta
parameter sets preceding the picture data 30 which
picture data immediately preceding the picture data
disabled when decoding the picture data 31. Theref

reference tothe adaptation parameter sets 1to0 20

the pictures to be decoded in order after the IDR p

tion
e to the
res to be
ure.
re or the
thesequence
including

A picture.
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thedisabling
random
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theCRApicture,andrandomaccessaccordingtothe
orthe CRA picture can beimplementedinthe decodi
sequencelevelheader2. However,inthecaseinw
encodingdeviceisconstructedinsuchawayasto
out the disabling process of disabling adaptation p
sets when encoding an IDR picture or a CRA picture
providing such a flag as above, the video decoding
be constructedinsuchawaythatthevariableleng
unit 31 always carries out the above-mentioned disa
process of disabling adaptation parameter sets when
the IDR picture or the CRA picture, thereby being a
correctly decode the coded bitstream generated by t
above-mentioned video encoding device.
[0064]

Inaddition,inthecaseinwhichthevideoencodin
is constructed in such a way as to have a parameter
toasaps_group_idineachadaptationparameterset
ofimplementing the disabling process of disabling
parameter sets according to an IDR picture or a CRA
whendecodingthe DR picture orthe CRApicture, t
length decoding unit 31 of the video decoding devic
an adaptation parameter set having aps_group_id who
differs from that of aps_group_id which another ada
parameter set has, the other adaptation parameter s
referredtobythelDRpictureortheCRApicture.
in the case shown in Fig. 24, when the video encodi
encodes the adaptation parameter sets in such away
the parameters aps_group_id of the adaptation param
1to20tozeroandalsosetthe parametersaps_gro

adaptationparameterset2landsubsequentadaptati

IDRpicture
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setstoone, thevariablelengthdecodingunit31o
decodingdevicedisablestheadaptationparameters
having parameters aps_group_id (=0) different from
parameteraps_group_id(=1)oftheadaptationparam
whenthepicturedata3laboutthelDRpictureort

refers to the adaptation parameter set 21. Therefo
adaptation parameter sets 1 to 20 are not referred
picture data 31 and subsequent picture data, and th
decodingdevicecanalwaysandcorrectlydecodeap
picture and subsequent pictures by starting the dec
thesequencelevelheader2whichistheheadofth
including the picture data31 aboutthe IDR picture
picture.

[0065]

fthevideo
ets1to20
the

eterset21

heCRApicture
re, the

to by the
e video
redetermined
oding from

eaccessunit

orthe CRA

In accordance with the method of introducing an

aps_group_idasmentionedabove,whenthevideoenc
carriesouttheencodinginsuchawayasnottoch
oftheparametersaps_group_idoftheadaptationpa
accordingtoaniDRpictureoraCRApicturewhile
prioritytothecodingefficiencythantotheerror

the video decoding device can also decode the adapt
parametersetscorrectlywithouttheadaptationpar
being disabled because, when the picture data about
picture or the CRA picture refers to an adaptation
set,thereexistsnoadaptationparametersethavin
aps_group_id whose value differs from that of the p
aps_group_idoftheadaptationparametersetwhich
tobythepicturedata. Further,inthecaseinwh

encoding device is constructed in such away as to

adaptationparametersethavingaparameteraps_gro

odingdevice
angethevalues
rametersets
givingahigher
resistance,
ation
ametersets
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parameter
gaparameter
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valuediffersfromthatofthe parameteraps_group__
referredtoalsowhendecodingapictureotherthan

or CRA pictures, the variable length decoding unit

video decoding device disables an adaptation parame
having aparameteraps_group_id whose value differs
oftheparameteraps_group_idwhichisreferredto

apicture. Bydoinginthisway,thevideodecodin

correctly decode the stream generated by the video
device that implements the adaptive disabling proce
disablingadaptationparametersetsbyarbitrarily

timing with which to change the parameter aps_group
adaptation parameter set.

[0066]

In addition, in the case in which the variable leng
encoding unit 13 of the video encoding device is co
insuchawayasto,whenencodinganIDRpictureo
carry out the disabling process of disabling adapta
parametersetsaccordingtothe IDR picture orthe
by using the index (aps_id) of each adaptation para
as another method of implementing the disabling pro
disablingadaptationparametersetsaccordingtoan
or a CRA picture, the variable length decoding unit
video decoding device disables the adaptation param
havingindexessmallerthantheindex(aps_id)oft
parameter set in question when referring to the ada
parameter set which is referred to by the IDR pictu
CRA picture. More specifically, inthe case inwhi
areassignedtoadaptationparametersetsintheor
theseadaptationparametersetsareencodedinthe

Figs.24and28,whentheadaptationparameterset
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tobythepicturedata3laboutanIDRpictureora

the adaptation parameter sets 1 to 20 having indexe
thantheindexoftheadaptationparameterset2la
Therefore, the adaptation parameter sets 1 to 20 ar
referredtobythepicturedata3landsubsequentp

and the video decoding device can always and correc
apredetermined picture and subsequentpictureswhe
the decoding from the access unit including the pic

31 of the IDR picture or the CRA picture.

[0067]

Inaddition,inthecaseinwhichthevideoencodin
is constructed in such a way as to, instead of enco
quantization matrix parameter as anadaptation para
encode the quantization matrix parameter in a pictu
headerasaparameterwhichcanbechangedonaper
thesameprocessesastheadaptationparameterset
processusingasequencelevelheaderandthedisab
of disabling adaptation parameter sets according to
CRA picture, which are explained above, are carried
onthequantizationmatrix parameter. Themotion-c
prediction frame memory 39 is a recording medium th
thedecodedimageonwhichthefilteringprocessis
by the loopfilter unit 38. Ingeneral, aprofile
may be defined in the video decoding device as info
showing a constraint for defining circuit scales in
memory amount. The profile defines the specificati
videodecoding device (descriptions showing the str
the variable length decoding unit, the
quantization/inverse  transformation  unit, the

predictionunit,themotioncompensationunit,the

CRApicture,
s smaller
redisabled.
e not
icturedata,
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unit, etc.), and the level imposes restrictions on
suchasamaximuminputimagesize,thenumberoff
andamotionvectorrangewhichthemotionvectorc
affecttherequiredmemoryamountandtheamountof
of the video decoding device. On the other hand, b
optimal number of offsets per picture of the pixel
offsetprocessintheloopfilterunit38andanop

of filters per picture of the adaptive filtering pr
increase with increase in the space resolution of t
a maximum number of offsets per picture of the pixe
offset process and a maximum number of filters per
theadaptivefilteringprocesscanbedefinedaccor
maximuminputimagesizedefinedbythelevel. By
way,anappropriatemaximumnumberofoffsetsanda
maximum number of filters can be defined adaptively
[0068]

In the example shown in Fig. 3, the variable length
decoding unit 31, the inverse quantization/inverse
transformation unit 32, the select switch 33, the i
predictionunit34,themotioncompensationunit35
unit 36, the memory 37 for intra prediction, the lo
unit38,andthemotion-compensatedpredictionfram
which are the components of the video decoding devi
consist of pieces of hardware for exclusive use (e.
semiconductor integrated circuits in each of which
mounted, one chipmicrocomputers, orthelike), res
As an alternative, the video decoding device can co
computer, and a program in which the processes carr
the variable unit the inverse

length decoding 31,

quantization/inversetransformationunit32,these

settings,
ramememories,
anhave,which
computation
ecause an
adaptive
timalnumber
ocess
he image,
| adaptive
picture of
dingtothe
doinginthis

nappropriate

ntra
,theadding
op filter

ememory39,
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33, theintrapredictionunit34,the motioncompen
35,theaddingunit36,andtheloopfilterunit38

can be stored in a memory of the computer and the C
computercanbemadetoexecutetheprogramstored

Fig. 4 is aflow chart showing the processing (vide
method) carriedoutbythevideodecodingdevicein
with Embodiment 1 of the present invention.

[0069]

Next, the operations of the video encoding and deco
deviceswillbeexplained. InthisEmbodimentl,a
thevideoencodingdevicereceiveseachframeimage
as an inputted image, carries out an intra predicti
already-encoded neighborhood pixels or a motion-com
predictionbetweenadjacentframes,andperformsa
processwith orthogonaltransformationand quantiza
acquiredpredictiondifferencesignal,and,aftert
outvariablelengthencodingsoastogenerateaco
and the video decoding device decodes the coded bit
outputted from the video encoding device will be ex
[0070]

ThevideoencodingdeviceshowninFig.lischarac
inthatthe video encodingdeviceisadaptedforlo
inaspacedirectionandinatimedirectionofav
dividesthevideosignalintoblockshavingvarious
carriesoutintra-frameandinter-frameadaptiveen
generalthevideosignalhasacharacteristicofi
locallyvaryinginspaceandtime. Therecanbea
apatternhavingauniformsignalcharacteristicin
large image region, such as a sky image or awall i

pattern having a complicated texture patterninas

sationunit

aredescribed
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inthememory.
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region, such as a person image or a picture includi
texture, also coexists on a certain video frame fro
viewpointofspace. Alsofromtheviewpointoftim
and awallimage have asmalllocalchangeinatim
intheir patterns, while animage ofamoving perso
hasalargertemporalchangebecauseitsoutlineha
ofarigidbodyandamovementofanon-rigidbody
to time.
[0071]
Althoughaprocessofgeneratingapredictiondiffe
signal having small signal power and small entropy
temporal and spatial prediction, thereby reducing t
code amount, is carried outin the encoding process
amountofparametersusedforthe predictioncanbe
long asthe parameters can be applied uniformlyto
image signal region as possible. On the other hand
theamountoferrorsoccurringinthepredictionin
thesamepredictionparameterisappliedtoalarge
in an image signal pattern having a large change in
space, the code amount of the prediction difference
increases. Therefore, it is desirable to apply the
prediction parameter to animage region having ala
intime and space to reduce the block size of a blo
subjected to the prediction process, thereby increa
data volume of the parameter which is used for the
and reducing the electric power and entropy of the
difference signal.
[0072]

In this Embodiment 1, a structure of, in orderto c

out encoding which is adapted for such the typical
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characteristics of a video signal, starting the pre
processandsoonfromapredeterminedlargestbloc
hierarchically partitioning each region of the vide

into blocks, and adapting the prediction process an
encodingprocessofencodingthepredictiondiffere

of the blocks partitioned is provided.

[0073]

Avideo signal having a format which is to be proce
bythevideoencodingdeviceshowninFig.1lcanbe
which consists of aluminance signal and two color
signalsoracolorvideoimagesignalinarbitrary
such as an RGB signal, outputted from a digital ima
oranarbitraryvideosignal,suchasamonochrome
oraninfraredimagesignal,inwhicheachvideofr
of a series of digital samples (pixels) in two dime
horizontal and vertical. The gradation of each pix
an 8-bit, 10-bit, or 12-bit one.

[0074]

In the following explanation, for convenience' sake
case in which the video signal of the inputted imag
signalunlessotherwisespecified,andthetwocolo
componentsUandVwhicharesignalshavinga4:2:0
are subsampled with respect to the luminance compon
handledwillbedescribed. Further,adataunitto
whichcorrespondstoeachframeofthevideosignal
to as a "picture." In this Embodiment 1, although
explanationwill be madeinwhich a"picture”isa
signalonwhichprogressivescanningiscarriedout
canbealternativelyafieldimagesignalwhichis

constructsavideoframewhenthevideosignalisa

diction
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signal.
[0075]

First, the processing carried out by the video enco
deviceshowninFig.1willbe explained. First,t
controlling unit 2 determines the slice partitionin
apicture (currentpicture) whichisthetargetto
andalsodeterminesthesizeofeachlargestcoding
isusedforthe encoding of the picture and the upp
thenumberofhierarchiesatthetimewheneachlar
block is hierarchically partitioned into blocks (st
Fig. 2). Asamethod of determining the size of ea
codingblock,forexample,therecanbeamethodof
thesamesizeforallthe picturesaccordingtothe
of the video signal of the inputted image, and a me
quantifying a variation in the complexity of aloca
of the video signal of the inputted image as a para
thendetermining asmall size for a picture having
vigorousmovementwhiledeterminingalargesizefo
having a smaller movement.

[0076]

Asamethod ofdeterminingthe upperlimitonthen
of hierarchies of the partitioning, for example, th
amethod ofdeterminingthe same numberofhierarch
the pictures according to the resolution of the vid
of the inputted image, and a method of increasing t
of hierarchies to make it possible to detect afine
asthevideosignaloftheinputtedimagehasalar
vigorous movement, or decreasing the number of hier
thevideosignal ofthe inputtedimage hasasmalle

The encoding controlling unit can encode the above-
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size of each largest coding block, and the upper i
numberofhierarchiesatthetimewheneachlargest
ishierarchically partitionedintoblockstoinclud
datainthesequencelevelheaderorthelike. As

the video decoding device can also carry out the sa
determinationprocesswithoutthesizeandtheuppe
encoded. Intheformercase, becausewhilethe cod
the header information increases, the video decodin
does not have to carry out the above-mentioned dete
process, the processing load on the video decoding
be reduced and the video encoding device can also s
theiroptimalvaluesandsendthesevaluestothev
device. Inthelattercase,onthecontrary,becau
decodingdevice carriesouttheabove-mentioneddet
process,whiletheprocessingloadonthevideodec
increases, the code amount of the header informatio
increase.

[0077]

Theencodingcontrollingunit2alsoselectsacodi
corresponding to each of the coding blocks into whi
inputted image is hierarchically partitioned fromo
available coding modes (step ST2). More specifical
encoding controlling unit 2 hierarchically partitio
image region having the largest coding block size i
blocks each having a coding block size until the nu
hierarchiesofthe partitioningreachestheupperl
number of hierarchies which is determined in advanc
determines a coding mode for each of the coding blo
coding mode can be one of one or more intra coding

(generically referred to as "INTRA") and one or mor

miton the
codingblock
ethecoded
analternative,
me
rlimitbeing
eamountof
g device
rmination
device can
earch for
ideodecoding
sethevideo
ermination
odingdevice

ndoes not

ngmode
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coding modes (generically referred to as "INTER"),
encodingcontrollingunit2selectsacodingmodec

to each of the coding blocks from among all the cod
availableinthe picture currentlybeing processed

of the coding modes.

[0078]

Each of the coding blocks into which the inputted i
is hierarchically partitioned by the block partitio
1, which will be mentioned below, is further partit
one or more prediction blocks each of whichisaun
apredictionprocessistobecarriedout,andthe
partitioning into the one or more prediction blocks
included as information in the coding mode informat
specifically, the coding mode information is an ind
identifyingeitheranintracodingmodeoraninter
andwhattypeofpartitioningintopredictionblock
modehas. Althoughadetailedexplanationofasel
ofselectingacodingmodeforuseintheencoding
unit 2 will be omitted hereafter because the select
isaknowntechnique,forexample,thereisametho
outanencodingprocessoneachcodingblockbyusi
available coding modes to examine the coding effici
selecting a coding mode having the highest degree o
efficiencyfromamongthepluralityofavailableco
[0079]

The encoding controlling unit 2 further determines
quantizationparameterandanorthogonaltransforma
partitioning state, which are used when a differenc
compressed, for each coding block, and also determi

predictionparameter(anintrapredictionparameter

and the
orresponding
ing modes

orasubset

mage
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prediction parameter) whichisused when a predicti onprocess
iscarriedout. Wheneachcodingblockisfurther partitioned
into predictionblocksoneachofwhichthe predict ionprocess
is carried out, the encoding controlling unit can s elect a
predictionparameter(anintrapredictionparameter oraninter
prediction parameter) for each of the prediction bl ocks. In
addition, because when anintra prediction process iscarried
outoneachpredictionblockinacodingblockwhos ecodingmode
isanintracodingmode,already-encodedpixelsadj acenttothe
prediction block are used, as will be described in detail, it

IS necessary to carry out encoding on a per predict ion block
basis,andthereforeselectabletransformationbloc ksizesare

limited to the size of the prediction block or less
[0080]

The encoding controlling unit 2 outputs the predict ion
difference coding parameters including the quantiza tion

parameter and the transformation block size to the

transformation/quantization unit 7, the inverse
guantization/inverse transformation unit 8, and the variable
lengthencodingunit13. Theencodingcontrolling unit2also
outputstheintrapredictionparametertotheintra prediction
unit 4 as needed. The encoding controlling unit 2 further

outputs the inter  prediction parameter to the

motion-compensated prediction unit 5 as needed.

[0081]

When receiving the video signal as the inputted ima ge,
the slice partitioning unit 14 partitions the input ted image
into one ormore sliceswhich are partimagesaccor dingtothe
slice partitioning information determined by the en coding

controlling unit 2. Every time when receiving each of the
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slices from the slice partitioning unit 14, the blo
partitioningunitlpartitionsthesliceintocodin
havingthelargestcodingblocksizedeterminedby
controllingunit2,andfurtherpartitionseach of
coding blocks, into which the inputted image is par
into coding blocks hierarchically, these coding blo
determinedbytheencodingcontrollingunit2,and
of the coding blocks.
[0082]

Fig. 5 is an explanatory drawing showing an example
whicheachlargestcodingblockis hierarchically p
into a plurality of coding blocks. Referring to Fi
largestcodingblockisacodingblockwhoselumina
whichisshownby"0-thhierarchicallayer”,hasa
M). By carrying out the hierarchical partitioning w
largest coding block being set as a starting point
depth of the hierarchy reaches a predetermined dept
set separately according to a quadtree structure, t
blocks can be acquired. Atthe depth of n, each co
isanimage region having asize of (L
although L  n can be the same as or differ from M
Ln=M is shown in Fig. 5.
[0083]

Hereafter, the coding block size determined by the

encoding controlling unit 2 is defined as the size

in the luminance component of each coding block. B
quadtree partitioning is carried out, (L
isalwaysestablished. Inthecaseofacolorvide
(4:4:4format)inwhichallthe colorcomponentsha

sample number, suchasan RGBsignal, allthe color

ck
gblockseach
theencoding
thelargest
titioned,
cks being

outputseach

artitioned
g.5, each
ncecomponent,
sizeof(L 0,
ith each
until the
hwhichis
he coding

ding block

n,M n). Inthisexample,

n the case of

of(L M ")

ecause

1 Mn+l)=(L /2, M 1/2)

oimagesignal

vethesame

components



10

15

20

25

30

have asize of (L

58

n,M M), while inthe case of handling a 4:2:0

format,acorrespondingcolordifferencecomponent

block size of (L

[0084]

n/2,

M n/2).

Hereafter, each coding block in the nth hierarchica

layerisexpressedasB

coding block B nis expressed as m(B

hasacoding

n,andacodingmodeselectableforeach

videosignalwhichconsistsofapluralityofcolor

the coding mode m(B

n). Inthe case of a color

components,

n) can be configured in such a way that an

individual mode is used for each color component, o

configuredinsuchawaythatacommonmodeisused

color components. Hereafter, an explanation will b

assuming that the coding mode indicates the one for

luminance component of the coding block having a 4:

in a YUV signal unless otherwise specified.

[0085]

Each coding block B

prediction blocks each showing a prediction unit by

partitioning unit 1, as shown in Fig. 5. Hereafter

predictionblockbelongingtoeachcodingblockB

asP ; n(ishowsapredictionblocknumberinthenthhier

layer). AnexampleofPOOandP10isshowninFig.

partitioning of each codingblock B

carriedoutisincludedasinformationinthecodin

While a prediction process is carried out on each o

prediction blocks P

i " according to the coding mode m(B

individualpredictionparameter(anintrapredictio

or an inter prediction parameter) can be selected f

prediction block P
[0086]

. n
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r can be
forallthe
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The encoding controlling unit 2 generates such a bl ock
partitioning state as shown in, for example, Fig. 6 for each
largest coding block, and then specifies coding blo cks. Each
rectangleenclosedbyadottedline of Fig.6(a)sh owsacoding
block, and each block filled with hatch lines in ea ch coding
block shows the partitioning state of each predicti on block.
Fig.6(b)showsasituationwhereacodingmodem(B n)isassigned
to each node through the hierarchical partitioning in the
example of Fig. 6(a) is shown by using aquadtree g raph. Each

node enclosed by OshowninFig. 6(b)isanode (coding block)

to which a coding mode m(B n) is assigned. Information about
thisquadtreegraphisoutputtedfromtheencoding controlling
unit 2 to the variable length encoding unit 13 toge ther with

the coding mode m(B n), and is multiplexed into a bitstream.
[0087]
When the coding mode m(B n) determined by the encoding

controllingunit2isanintracodingmode(inthe caseofm(B n)
€ INTRA), the select switch 3 outputs the coding bloc kBn
outputted from the block partitioning unit 1 to the intra
prediction unit 4. In contrast, when the coding mo de m(B )
determinedbytheencodingcontrollingunit2isan intercoding
mode (in the case of m(B n) €INTER), the select switch outputs
thecodingblockB noutputted fromthe block partitioning unit

1 to the motion-compensated prediction unit 5.

[0088]

When the coding mode m(B n) determined by the encoding
controllingunit2isanintracodingmode(inthe caseofm(B n)
€INTRA), and the intra prediction unit 4 receives th e coding

block B " from the select switch 3 (step ST3), the intra

prediction unit4 carries outthe intra prediction process on
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each prediction block P i "in the coding block B
intra prediction parameter determined by the encodi
controlling unit 2 while referring to the local dec

storedinthe memory 10forintrapredictionso as

n by using the
ng
odedimage

togenerate

anintrapredictionimageP INTRAI "(StepST4). Becausethevideo

decoding device needs to generate an intra predicti

whichiscompletelythesameastheintrapredictio

on image

nimageP ntrai ",

the intra prediction parameter used for the generat ionofthe
intra prediction image P INTRAi " IS outputted from the encoding
controllingunit2tothe variablelengthencoding unitl3and

is multiplexed into the bitstream. The details of the
processing carried out by the intra prediction unit 4 will be

mentioned below.

[0089]

When the coding mode m(B n) determined by the encoding

controllingunit2isanintercodingmode(inthe

caseofm(B n)

€ INTER),andthemotion-compensatedpredictionunit Sreceives
the coding block B n from the select switch 3 (step ST3), the
motion-compensated predictionunit5compareseach prediction
block P ;" in the coding block B n with the local decoded image

which is stored in the motion-compensated predictio n frame
memory 12 and on which the filtering process is per formed to

searchforamotionvector,andcarriesouttheint

erprediction

process on each prediction block P i "inthe coding block B n by

usingboththemotionvectorandtheinterpredicti

determinedbytheencodingcontrollingunit2soas

onparameter

togenerate

aninterpredictionimageP INTERI "(StepST5). Becausethevideo

decoding device needs to generate an inter predicti
whichiscompletelythesameastheinterpredictio

the inter prediction parameter used for the generat

on image
nimageP nteri ",

ion ofthe
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inter prediction image P INTERi " IS outputted from the encoding
controllingunit2tothe variable lengthencoding unitl3and
ismultiplexedintothe bitstream. Themotionvect orwhichis
searchedforbythemotion-compensatedpredictionu nitsisalso
outputted to the variable length encoding unit 13 a nd is

multiplexed into the bitstream.
[0090]

When receiving the coding block B n from the block
partitioningunitl,thesubtractingunitésubtrac tstheintra
predictionimage P INTRAI "generatedbytheintrapredictionunit
4 or the inter prediction image P INTERI " generated by the
motion-compensatedpredictionunitSfromthepredi ctionblock
Pi ninthe codingblock B n,andoutputsapredictiondifference

signal e ;" showing a difference image which is the result of

thesubtractiontothetransformation/quantization unit7(step
ST6).
[0091]

Whenreceivingthe predictiondifference signale i "from
the subtracting unit 6, the transformation/quantiza tion unit
7 refers to the orthogonal transformation block par titioning
information included in the prediction difference c oding
parameters determined by the encoding controllingu nit2,and
carries outan orthogonal transformation process (e .g.,aDCT
(discrete cosinetransform),aDST (discrete sinet ransform),
oranorthogonaltransformationprocess,suchasa KLtransform,
in which bases are designed for a specific learning sequence
in advance) on each orthogonal transformation block of the
predictiondifference signale i "soasto calculatestransform
coefficients. The transformation/quantization unit 7 also

referstothequantizationparameterincludedinth eprediction
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difference coding parameters to quantize the transf

coefficients of each orthogonal transformation bloc
outputs compressed data which are the transform coe
quantized thereby to the
transformationunit8andthevariablelengthencod

(step ST7). At this time, the transformation/quant

unit can carry out the quantization process by usin

quantization matrix for carrying out scaling on
quantization step size calculated from the above-me
guantization parameter for each transform coefficie
[0092]

Asthequantizationmatrix,amatrixwhichisindep

for each of the chrominance signals and for each co

inverse quantization/inver

the

(intra encoding or inter encoding) at each orthogon

transformation size canbeused, andwhetherornot
asaninitialvalueofthequantizationmatrix,one
matrixfromaquantizationmatrixwhichisprepared

and in common between the video encoding device and
decodingdeviceandanalready-encodedquantization
whetherornottouse, asaninitial value oftheq
matrix,anewquantizationmatrixcanbeselected.

the transformation/quantization wunit 7 sets, as
guantization matrix parametertobe encoded, flagi
showingwhetherornottouseanewquantizationma
chrominancesignalandforeachcodingmodeateach
transformation size. In addition, when a new quant
matrix is used, each of the scaling values in a qua
matrix as shown in Fig. 10 is set as a quantization
parametertobeencoded. Incontrast,whennonew

matrixis used, anindex specifying amatrixto be

the

orm
k, and
fficients
se
ingunit13
ization

g a
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nt.
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initialvalue,fromthequantizationmatrixprepare
and in common between the video encoding device and
decoding device and the already-encoded quantizing
setasaquantizationmatrixparametertobeencode
when no already-encoded quantization matrix which ¢
referred to exists, only the quantization matrix pr
advanceandincommonbetweenthevideoencodingde
video decoding device can be selected.
transformation/quantization unit 7 then outputs the
quantizationmatrixparameterstothevariableleng
unit 13 as a part of an adaptation parameter set.
[0093]

When

receiving the compressed data

transformation/quantization unit 7, the
quantization/inverse transformation unit 8 refers t
guantizationparameterandtheorthogonaltransform
partitioning informationwhich areincludedinthe
difference coding parameters determined by the enco
controllingunit2soastoinverse-quantizetheco
about each orthogonal transformation block. When t
transformation/quantizationunit7 usesaquantizat
forthequantizationprocess,theinversequantizat
transformation unit carries out a corresponding inv
quantization process by referring to the quantizati

also at the time of the inverse quantization proces

inverse quantization/inverse transformation unit 8
carriesoutaninverseorthogonaltransformationpr
aninverseDCT,aninverseDST,aninverseKLtrans

like) on the transform coefficients which are the ¢

data inverse-quantized for each orthogonal transfor

from

inverse

dinadvance

thevideo
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block, and calculates a local decoded prediction di
signal corresponding to the prediction difference s
outputted from the subtracting unit 6 and outputs t
decodedpredictiondifferencesignaltotheadding
ST8).
[0094]

When receiving the local decoded prediction differe
signal from the inverse quantization/inverse transf
unit 8, the adding unit 9 calculates alocal decode
adding the local decoded prediction difference sign
eithertheintrapredictionimageP
predictionunitdortheinterpredictionimageP
by the motion-compensated prediction unit 5 (step S
addingunit9outputsthelocaldecodedimagetoth
unit11while storingthe localdecodedimageinth
forintra prediction. Thislocal decodedimageis
image signal which is used at the time of subsequen
prediction processes.
[0095]

When receiving the local decoded image from the add
unit 9, the loop filter unit 11 carries out the pre
filtering process on the local decoded image, and s
local decoded image filtering-processed thereby in
motion-compensated prediction frame memory 12 (step
Concretely, the loop filter unit carries out a filt
(deblocking filtering) process of reducing a distor
occurring at a boundary between orthogonal transfor
blocks and a distortion occurring at a boundary bet
prediction blocks, a process (pixel adaptive offset

of adaptively adding an offset to each pixel, an ad

fference
ignale "
he local

unit9(step

nce
ormation
dimage by

al and

INTRAI "generatedbytheintra

INTERI "generated
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filteringprocessofadaptivelyswitchingamonglin
such as Wienerfilters, and performing thefilterin
and so on.

[0096]

Theloopfilterunitl1determineswhetherornott
out the process for each of the above-mentioned fil
processesincludingthedeblockindfilteringproces
adaptive offset process, and the adaptive filtering
andoutputstheenableflagofeachofthe processe
oftheadaptationparametersettobeencodedanda
slice level header, to the variable length encoding
When using two or more of the above-mentioned filte
processes, the loop filter unit carries out the fil
processesinorder. Fig.11showsanexampleofth
ofthe loopfilter unit 11 inthe case of usingap
filtering processes. In general, while the image g
improved with increase in the number of types of fi
processesused,theprocessingloadisincreasedwi
in the number of types of filtering processes used.
specifically, there is a trade-off between the imag
andtheprocessingload. Further,animprovemente
image quality which is produced by each of the filt
processes differs depending upon the characteristic
imagewhichisthetargetforthefilteringprocess
whatis necessary is just to determine afiltering
beusedaccordingtotheprocessingloadacceptable
encoding device and the characteristics of theimag
the target for the filtering process.

[0097]

Inthe deblockingfiltering process, various parame

earfilters,

g process,

ocarry
tering
s,thepixel
process,
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ring
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lurality of
uality is
ltering
thincrease
More
e quality
ffectofthe
ering

s of the

. Therefore,

processto
inthevideo

ewhichis

ters



10

15

20

25

30

66

usedfortheselectionoftheintensityofafilter

to a block boundary can be changed from their initi
When changing a parameter, the parameter is outputt
variable length encoding unit 13 as a part of the a
parameter set to be encoded.

[0098]

In the pixel adaptive offset process, the image is

partitioned into a plurality of blocks first, a cas

carrying out the offset process is defined as one c
classifyingmethodforeachofthecodingblocks,a
classifyingmethodisselectedfromamongaplurali

classifying methods which are prepared in advance.

using the selected class classifying method, each p

included in the block is classified into one of cla

an offset value for compensating for a coding disto
calculated for each of the classes. Finally, a pro
adding the offset value to the brightness value of
decoded image is carried out, thereby improving the
quality of the local decoded image.

[0099]

Asthe method of carrying out the class classificat
there are amethod (referredto as a BO method) of
eachpixelintooneofclassesaccordingtothebri
ofthelocal decodedimage, and amethod (referred
method)ofclassifyingeachpixelintooneofclass
to the state of a neighboring region around the pix
whether or not the neighboring regionis an edge po

each of the directions of edges. These methods are

in common between the video encoding device and the

decodingdevice. AsshowninFig.16,thecaseof

tobeapplied
al values.
ed to the

daptation

e of not
lass
ndoneclass
tyofclass
Next, by
ixel
sses, and
rtion is
cess of
the local

image

ion,
classifying
ghtnessvalue
toasanEO
esaccording
el (e.q.,
rtion) for
prepared
video

notcarrying



10

15

20

25

30

67

out the offset process is defined as one class clas sifying
method, and an index showing which one of these met hodsisto
be usedto carry outthe class classification is se lected for

each of the above-mentioned blocks.

[0100]

Fig. 13isanexplanatorydrawingshowingtheBOme thod.
InaccordancewiththeBOmethod,therangeofbrig htnessvalues
whichthelocaldecodedimagecanhaveisdividedi ntoM soequal
groupsfirst. M sdsaconstantwhichisanintegralsubmultiple
of ((the largest one of the brightness values)-(the smallest
oneofthebrightnessvalues)+1),andM s=32intheexampleshown
in Fig. 13. Next, each pixel in the block is class ified into
acorrespondingoneoftheM sc@roupsaccordingtothebrightness
valueofthepixelinquestion. Inordertothend eterminethe
class which is the group to which the offset is to be added,
bo_start_positionshowingthestartpositionofthe classesis
determined. As shown in Fig. 13, the classes are d etermined
asclassO,class1,class2,...,andclass L so-l starting from
the group shown by bo_start position. However, L Bo IS a
constantshowingthenumberofclasses,andL so=4intheexample

shown in Fig. 13.

[0101]

bo_start_positionis apartofthe adaptation param eter
setwhichistobeencoded,andisdeterminedtoget herwiththe
offset value which is to be added to each pixel bel onging to
each class in such a way that the image quality imp rovement
effectis enhancedto maximum. While thelargerco nstantM go,
the further-enhanced image quality improvement effe ct is
providedbecausetheoffsetcanbesetforeachfin erunit,the

code amount required to encode bo_start_position in creases
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because the range of values which bo_start_position

becomes large. While the larger constant L
further-enhancedimage qualityimprovementeffecti
because the number of offsets increases, the code a
requiredtocodetheoffsetsincreases. Therefore,
of the constants M
in common between the video encoding device and the
decoding device in consideration of a trade-off bet
image quality improvement effect and the code amoun
alternative, the values of the constants M
asapartoftheadaptationparametersetwhichis
instead of being preparedinadvance andincommon
video encoding device and the video decoding device
case, while the image quality improvement effect is
becausethe constants M
code amount increases because the information to be
increases.
[0102]

Next, Fig. 14 is an explanatory drawing showing the
method. In Fig. 14, ¢ shows a pixel which is the t
offset process, and a and b show pixels adjacent to
c. AsshowninFig.14,fourtypesofclassclassi
areprovidedaccordingtodirectionsineachofwhi
a, b, and c are aligned in a line. The methods in
ofstartingfromtheonelcorrespondtoEOmethods
in Fig. 16 respectively. Each of the classificatio
classifies each pixel in the block into one of five
classesaccordingtoclassclassificationcriteria

14 to determine the offset value which is to be add

pixel belonging to the class.
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[0103]

The offset value which is to be added to each pixel

belongingto each classis determined, asillustrat
17, by preparing atable inwhich the offset value

foreachclassispreparedinadvanceandincommon

video encoding device and the video decoding device

selecting an index indicating a combination of offs
tobe usedasoffsetinformation. Bydoingthiswa

the range of values which each offset can have is |

high-accuracy distortion compensation process can

implementedwhilethecodeamountrequiredtoencod
informationcanbereducedascomparedwiththecas
the offsetvalue justasitis by appropriately set
combination of offset values for each class which i
intheabove-mentionedtable. Byusing,asametho
the above-mentioned index which the variable length
unit 13 uses, a binarization method takinginto con
therangeofvaluesofasymboltobeencoded,such
unary code showninFig. 25, becausetherange ofv
theindexcanhavecanbeseenfromthetableprepa
encodinghavingahighdegreeofefficiencycanbe
Fig. 25 is an example in a case in which the range
which the symbol to be encoded has is setto the on
5.

[0104]

Atthistime, the table whichis preparedinadvanc

be common among all the class classifying methods,
different according to the class classifying method

example, because the processes completely differ be

edinFig.
calculated
betweenthe
, and
et values
y,although
imited, a
b
etheoffset
eofencoding
tingupthe
s prepared
dofencoding
encoding
sideration
asatruncated
alueswhich
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BO method and the EO method, an adaptive image qual ity
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improvement can be implemented by separately prepar ing

different tables for the BO and EO methods. In add
becausethedistancesamongthepixelsa,b,andc
the EO methods 1 and 2 and the EO methods 3and 4 i
of using the EO method, an adaptive image quality i
can be implemented by separately preparing atable
methodsland2andatablefortheEOmethods3an
theamountofmemoryrequiredtoholdthetablesin
increase in the number of tables prepared. Therefo
numberoftableswhichcanbepreparedislimitedb
of memory which can be prepared in the video encodi
and the amount of memory which can be prepared in t
decoding device.
[0105]

Further,

although a high-accuracy image

improvement can be implemented by increasing the nu

indexes which each table has (the number of combina
offsetsforeachclass),thecodeamountrequiredt

indexes increases with increase in the number of in
selectable inthe table. Therefore, the number of
setupinadvanceandincommonbetweenthevideoe
andthevideodecodingdeviceinconsiderationoft

betweentheimagequalityimprovementeffectandth

The table prepared in advance can be prepared for e

chrominancesignal. Bydoinginthisway,anappro

can prepared for each of the chrominance signals ha

different signal characteristics, and the image qua
improvement effect can be enhanced.
[0106]

In addition, instead of making a table reference to
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mprovement
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the offsets, for example, a table reference can be made to

offsetsaccordingtoonlythe EOmethodintheabov e-mentioned
way, while the values themselves of offsets accordi ng to the
BOmethodcanbeencoded. Ingeneral,accordingto theEOmethod,
there is provided an effect of removing a slight no ise in an
edge portion, and an optimal offset value is easily biased
toward a small value. On the other hand, according tothe BO
method,thereisprovidedaneffectofcorrectinga DCcomponent
of a signal falling within a certain brightness ran ge,andan
optimal offset value is not necessarily biased towa rdasmall
value. Therefore, atable reference is made only f oraclass
classifyingmethodinwhichanoptimal offsetvalue isbiased,
whileanoffsetvalueitselfisencodedforaclass classifying
methodinwhich an optimal offsetvalueis notbias ed,sothat

a greater image quality improvement effect is acqui red.
Accordingtoanencodingmethodofencodingtheabo ve-mentioned
offset value which the variable length encoding uni t13uses,
by setting up the range of values which the offset canhavein
advanceandincommonbetweenthevideoencodingde viceandthe
videodecodingdevice, high-efficiencyencodingcan becarried

out by using a binarization method which takes into

considerationtherangeofvalueswhichasymbolto beencoded,
such as a truncated unary code shown in Fig. 25, ha S. In
contrast, when the range of values which the offset can have
iIsnotsetupinadvance,acodewhichcanbebinar izedwithout
taking into consideration the range of values of a symbol to
be encoded, such as a unary code shown in Fig. 26, is used.
[0107]

Further, switching between tables can be carried ou tby

usingthebitdepthofthesignalvalueofthelumi nancesignal
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oreachcolordifferencesignalatthetimeofcarr yingoutthe
encoding process. An offset value in the case of 9 bits
corresponding to an offsetvalue of 1inthe case o f8hitsis

2. However, there is a possibility that even when an optimal
offsetvalueinthecaseof8bitsis1,theoptima loffsetvalue
inthecaseof9bitsisnot2,butloranotherva lue. Therefore,
the image quality improvement effect can be enhance d by
preparingatableforeachbitdepthofthesignal valueasshown
in Fig. 19. In addition, as illustrated in Fig. 20 , by using
onlyasingletable, and providing, asachoice, on lyanindex
of 0 (0 bits) in the case of 8 bits, providing, as a choice,
indexesofOand1(1bit)inthecaseof9bits,a ndproviding,
asachoice,indexesof0to4 (2bits)inthe case of 10bits,
the number oftables prepared can be reducedandth e amount of
memoryforholdingthetablescanbereduced. Int he examples
showninFigs.19and20,becauseonlytheindexof Oisprovided
inthe case of 8 bits, itisnotnecessarytoencod etheindex.
By doinginthisway, the coding efficiency can be improved by
a degree corresponding to the code amount required to encode
the indexes.

[0108]

In the pixel adaptive offset process, an optimal cl ass
classifyingmethodandanoptimaloffsetvalueare selectedfrom
theabove-mentionedpluralityofclassclassifying methodsand
from the combination of optimal offset values, so t hat an
optimal distortion compensation process can be impl emented.
[0109]

As aresult, in the pixel adaptive offset process, the
blockpartitioninginformation,theindexindicatin gtheclass

classifying method for each block, and the offset i nformation
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abouteachblockare outputtedtothevariableleng
unitl3asapartoftheadaptationparametersett

In addition, in the pixel adaptive offset process,

index indicating the class classifying method for e
blocksshowstheBOmethod,bo_start_positionshowi
positionoftheclassesisalsooutputtedtotheva

encoding unit 13 as a part of the adaptation parame

be encoded. In the above-mentioned pixel adaptive
process, forexample,theimage canbe alwaysparti
blockseachhavingafixedsize,suchaslargestco
andaclassclassifying method canbe selected for

blocks and the adaptive offset process for each cla
carried out.
partitioning information becomes unnecessary, and t
amountcanbereducedbythecodeamountrequiredf
partitioning information.

[0110]

Further, in the adaptive filtering process, a class

classification is carried out on the local decoded
using a predetermined method, afilter for compensa
distortionpiggybackedontheimageisdesignedfor
(localdecodedimage)belongingtoeachclass,and
process of filtering this local decoded image is ca
byusingthefilter. Thefilterdesignedforeach
outputtedtothevariablelengthencodingunit13a
the adaptation parameter set to be encoded. As the
classifyingmethod, there are a simple method of pa
theimageintoequalpartsspatiallyandamethodo

a classification on a per block basis according to

characteristics (avarianceandsoon)oftheimage

In this case, the above-mentioned blo

thencoding
obeencoded.
when the
ach ofthe
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the number of classes used in the adaptive filterin

canbepresetasavaluecommonbetweenthevideoe

and the video decoding device, or can be preset as

the adaptation parameter set to be encoded. The im

effect of the image quality in the latter case is e

because the number of classes used in the latter ca

setfreelyascomparedwiththatinthe formercase

code amount is increased by that required for the n

classes because the number of classes is encoded.

[0111]

In addition, the class classification for the adapt

filtering process, and the filter design and the fi

processcanbecarriedouton,insteadoftheentir

block having a fixed size, e.g., each largest codin

Morespecifically,theclassclassificationcanbe

oneachsetofpluralsmallblocks,intowhicheach

a fixed size

is partitioned, according to the

characteristics (avariance and soon) oftheimage

design and the filtering process can be carried out

class, the filter of each class can be encoded, as

theadaptationparameterset,foreachblockhaving

Bydoingthisway,ahigh-accuracyfilteringproces

tothelocalcharacteristicscanbeimplementedas

the case of carrying out the class classification,

design, and the filtering process on the entire ima

[0112]

The video encoding device repeatedly carries out th

processes of steps ST3to ST9 until the video encod

completestheprocessingonallthecodingblocksB

the inputted image is partitioned hierarchically, a
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ncodingdevice
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nhanced
se can be
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completing the processing on all the coding blocks Bn, shifts

to a process of step ST13 (steps ST11 and ST12).

[0113]

Thevariablelengthencodingunit13entropy-encode sthe
compressed data outputted thereto from the
transformation/quantization unit 7, the block parti tioning
informationaboutthepartitioningofeachlargest codingblock
into blocks, whichis outputted from the encoding ¢ ontrolling
unit 2 (the quadtree information which is shown in Fig. 6(b)
as an example), the coding mode m(B n) and the prediction
difference coding parameters, the intra prediction parameter
(when the coding mode is an intra coding mode) or t he inter
prediction parameter (whenthe coding modeisanin ter coding
mode) outputted from the encoding controlling unit 2,andthe
motionvectoroutputtedfromthemotion-compensated prediction
unit 5 (when the coding mode is an inter coding mod e), and
generatescodeddatashowingthoseencodedresults (stepST13).
[0114]

Thevariablelengthencodingunitl3alsoencodes, asthe
header information of a coded bitstream, the sequen ce level
header,thepicturelevelheaders,andtheadaptati onparameter
setssoastogenerate acodedbitstreamtogetherw ithpicture
data, as illustrated in Fig. 15. Each picture data consists
ofoneormoreslicedata,andeachslicedataisa combination
of a slice level header and coded data as mentioned above in

the corresponding slice.
[0115]

The sequence level headeris a combination of piece sof
headerinformationwhicharetypicallycommonona persequence

basis,thepiecesofheaderinformationincludingt heimagesize,
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the chrominance signal format, the bit depths of th
valuesoftheluminancesignalandthecolordiffer

and the enable flag information about each of the f
processes (the adaptive filtering process, the pixe
offsetprocess,andthedeblockingfilteringproces
carriedoutonapersequencebasisbytheloopfil
Eachpicturelevelheaderisacombinationofpiece
information which are set on a per picture basis, t
ofheaderinformationincludinganindexindicating
levelheadertobereferredto,thenumberofrefer

at the time of motion compensation, and a probabili
initialization flag for entropy encoding. Each sli
header is a combination of parameters which are set
slice basis, the parameters including position info
showingatwhichpositionofthepicturethecorres

exists, an index indicating which picture level hea
bereferredto, thecodingtypeoftheslice (alli
intercoding, orthelike),anindexindicatingthe
parametersetwhichisusedbythecorrespondingsl
flag information showing whether or not to carry ou
the filtering processes (the adaptive filtering pro

pixel adaptive offset process, and the deblocking f
process) in the loop filter unit 11 using the adapt
parameter set indicated by the above-mentioned inde

[0116]

Each adaptation parameter set has parameters (filte

parameters)associatedwiththeadaptivefiltering

pixel adaptive offset process, and the deblocking f

process and a parameter (quantization matrix parame

associatedwiththe quantizationmatrix,andalsoh

e signal
encesignals,
iltering
ladaptive
s)whichare
terunit1l.
sofheader
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ty table
ce level
on a per
rmation
pondingslice
deristo
ntracoding,
adaptation
ice,andthe
t each of
cess, the
iltering

ation

process,the
iltering
ter)

asanindex



10

15

20

25

30

7

(aps_id) which makes it possible for each of a plur
adaptationparametersetswhicharemultiplexedint
bitstream to be identified from others. Each adapt
parameter set also has flags (present_flag) showing

filter parameters respectively associated with the

filtering process, the pixel adaptive offset proces

deblocking filtering process and the quantization m
parameter exist, respectively, and, when each prese
shows"enable",hastheparametercorrespondingto

flag. Therefore, whether or noteach parameter exi
setupfreelyineachadaptationparameterset. Ea
atleastoneindex(aps_id)initsslicelevelhead
indicatinganadaptation parametersetwhichisto
toatthetimeofcarryingoutthedecodingprocess
Thequantizationprocessandtheinversequantizati

and the loop filtering process are carried out on e

by referring to the corresponding adaptation parame
[0117]

Further, when encoding an adaptation parameter set
multiplexing this encoded adaptation parameter set
codedbitstream,ifanadaptationparametersethav
index (aps_id) already exists in the coded bitstrea
adaptation parameter set having the index is replac
above-mentioned adaptation parameter set which is t
to be encoded. Therefore, if an already-encoded ad
parameter set is unnecessary when encoding a new ad
parameterset,byencodingtheindexindicatingthe
adaptation parameter set, overwriting and updating
adaptationparametersetcanbecarriedout. Becau

necessary toincrease the number of adaptation para

ality of
othecoded
ation
whether
adaptive
s,andthe
atrix
nt flag
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stscanbe
chslicehas
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whichmustbestored,theamountofmemoryusedcan
[0118]

In addition, when encoding a new sequence level hea
(sequencelevel header 2) atthetime ofasequence
showninFig.18,thevariablelengthencodingunit
alitheadaptationparametersetswhichhavebeene
this sequence level header is encoded. Therefore,
example shown in Fig. 18, a reference to any adapta
parametersetoverasequencelevelheader,suchas
to an adaptation parameter set 2 for encoding of pi
30, is prohibited. More specifically, when a param
adaptationparametersetisusedforapicturetob
afteranewsequencelevelheader(sequencelevelh
encoded, it is necessary to encode the parameter as
adaptationparameterset. Therefore,anadaptation
setwhichisencodednewlywhenapastadaptationp
cannotbeusedatallbecausethedisablingprocess
the above-mentioned adaptation parameter set or the
carried out is the one in which a parameter, such a
guantization matrix, does not refer to the past ada
parameter set, and all the parameters can be decode
onlytheadaptationparametersetinquestion. By
an adaptation parameter set by using a sequence lev
atthetime ofasequence changethisway,whenan
in the coded bitstream before a new sequence level
decoded, the video decoding device can avoid adeco
caused by a reference to an adaptation parameter se
stream and therefore can improve the error resistan
[0119]

As an alternative, a sequence level header can

bereduced.
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constructed in such a way as to have an initializat
aps_reset_flag for an adaptation parameter set, the
improving the error resistance. Concretely, only w
initialization flag aps_reset_flag is set to "enabl
adaptation parameter set is initialized, whereas wh
initialization flag aps_reset_flag is set to "disab
adaptation parameter setis notinitialized. By pr
initialization flag for an adaptation parameter set
theparametersofasequencelevelheaderthisway,
initializing process can be carried out, and by car

the initialization only when it is necessary to imp
errorresistance,reductioninthecodingefficienc
initializationofanadaptationparametersetcanb

[0120]

In addition, when random access according to an IDR

picture oraCRApictureis carried out,inordert
a speedup of the decoding process and provide an im
in the error resistance, a flag previous_aps_clear_
disabling already-encoded adaptation parameter sets
provided as a part of the parameters of each adapta
parameter set. Whenaflag previous_aps_clear_flag
"enable”, the variable length encoding unit 13 disa
adaptation parameter sets encoded before the adapta
parameter set,whereaswhenaflag previous_aps_cle
setto"disable",thevariablelengthencodingunit
carry out the above-mentioned disabling process.
[0121]

Fig. 24 shows an example of the coded bitstream sho
the disabling process of disabling some adaptation

sets. Itisassumedthatforpicturedata31shown

ion flag
reby
hen the
e", the
en the
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ovidingan
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inFig.24,
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an encoding (decoding) processis carried outbyre

a sequence level header 2, a picture level header 3
adaptation parameter set 21. In general, a unit fo
access which is a combination of picture data and t
information associated with the picture data, which
inthe above-mentioned way, is referredtoasan ac

The adaptation parameter sets 1 to 20, which are in
the adaptation parameter sets shown in Fig. 24, are

by setting the flag previous_aps_clear_flag of only
adaptationparameterset21to“enable",areferenc
theadaptationparametersetslto20cannotbemad
tobeencodedinorderafterthelDRpictureorthe
Therefore,whencarryingoutrandomaccessaccordin
picture orthe CRA picture, whatisnecessaryisju
outdecodingfromthesequencelevelheader2shown
On the other hand, when a high-speed decoding proce
timeofrandomaccessandahighdegreeoferrorre
notrequired, whatisnecessaryisjusttoalwayss
previous_aps_clear_flagto"disable"soasnottod

adaptation parameter sets. Therefore,anadaptive

disabling adaptation parameter sets by using a flag

previous_aps_clear_flag can be implemented.

[0122]

In the above-mentioned example, an adaptive process

disabling adaptation parameter sets for random acce

implemented by using the flag previous_aps_clear_fl
adaptation parameter set. As an alternative, an ad
process of disabling adaptation parameter sets for
access can be

implemented by providing

part_aps_clear_flag for disabling some adaptation p

ferringto
, and an
r picture
he header
isformed
cess unit.
cluded in
disabled
the
etoany of
eforpictures
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setswhen encoding (decoding) an IDR pictureoraC
inasequencelevelheaderoraNALunit. Concrete
part_aps_clear_flag is set to "enable” when encodin

picture oraCRA picture, the variablelengthencod

implements an adaptive disabling process of disabli

adaptationparametersetsforrandomaccess, which

as that in the case of using a flag previous_aps_cl

by disabling the adaptation parameter sets precedin
picture data about the picture immediately precedin
pictureorthe CRApicture. Morespecifically,in

shown in Fig. 24, by setting the flag part_aps_clea
thesequencelevelheader2orthe NAL unitofthe

31 to "enable", the adaptation parameter sets prece
picture data 30 which is the one immediately preced
picturedata3laredisabledwhenencodingthepict
Therefore, for pictures to be encoded in order afte

picture or the CRA picture, a reference to any one

adaptation parameter sets 1 to 20 cannot be made.

specifically, the adaptation parameter sets precedi
access unit including the picture data about the ID
orthe CRA picture are disabled,and noreferencec
Therefore,whencarryingoutrandomaccessaccordin
picture orthe CRA picture, whatisnecessaryisju
outdecodingfromthesequencelevelheader2shown

[0123]

In the above-mentioned explanation, the disabling

process of disabling adaptation parameter setsisc
when a flag part_aps_clear_flag is set to "enable.”
alternative, instead of disposing a flag as mention

the disabling process of disabling adaptation param

RA picture
ly,ifaflag
g an IDR
ingunit13
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canbealwayscarriedoutwhenencodinganIDR pict ureoraCRA
picture. By doingthisway, the code amountisred ucedbythe
code amount required to encode a flag as mentioned above.
Further, the processofreferringtoaflagas ment ionedabove
when performing the encoding process becomesunnece ssary,and

the video encoding device is simplified.

[0124]

In addition, as another method of implementing the
disabling process of disabling adaptation parameter sets
according to an IDR picture or a CRA picture, there can be
providedamethodofconstructingavideoencoding devicethat
providesaparameteraps_group_idineachadaptatio nparameter
set. In the above-mentioned video encoding device, as shown
inFig. 27, the above-mentioned parameter is dispos edineach
adaptationparameterset,and,whenencodinganIDR pictureor
a CRA picture, the variable length encoding unit 13 disables
an adaptation parameter set having aps_group_id who se value
differs from that of aps_group_id which another ada ptation
parameter set has, the other adaptation parameter s et being
referredtobythelDRpictureortheCRApicture. Forexample,
in the case shown in Fig. 24, by setting the parame ters
aps_group_idoftheadaptation parametersets1to 20tozero,
andalsosettingtheparametersaps_group_idofthe adaptation
parameter set 21 and subsequent adaptation paramete rsetsto
one,thevariablelengthencodingunitdisablesthe adaptation
parametersetslto20whoseparametersaps_group_i d(=0)differ
from the parameter aps_group_id (=1) of the adaptat ion
parameter set 21 when the adaptation parameter set 21 is
referredtobythepicturedata31aboutthe DR pi ctureorthe

CRApicture. Therefore,theadaptationparameters ets1to20
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arenotreferredtobythepicturedata3landsubs
data.
[0125]

Bythuscarryingouttheencodinginsuchawayas
the value of the parameter aps_group_id of an adapt
parametersetaccordingtoanIDRpictureoraCRA
referencetoadaptationparametersetsislimited,
decodingdeviceisenabledtocorrectlydecodeapr
pictureandsubsequentpictureswhenstartingthed
anaccessunitincludingthepicturedataaboutthe
orthe CRA picture. Aps_group_id can be alternativ
havingonlyavalueofOorl. Inthiscase,asim
process of disabling adaptation parameter sets can
implementedbyswitchingthevalueoftheabove-men
which an adaptation parameter set has according to
picture or a CRA picture from 0 to 1 or from 1 to O

[0126]
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By using a method of introducing aps_group_id as

mentionedabove,thedecodingcanbecarriedoutco
whentheorderofdatainthe codedbitstreamwhich
bythe video decoding device has changed fromthe o
data encoded by the video encoding device from the
transmitting the coded bitstream while distributing
bitstreamamongapluralityoflines,orthelike.

evenin acase in which the coded bitstream in whic
areencodedinthe orderofFig.24 hasbeenchange
inwhichtheadaptationparametersets2land22ar
before the picture data 30 when reaching the video
device, as shown in Fig. 28, the adaptation paramet

to 20 whose parameters aps_group_id (=0) differ fro
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the adaptation parameter set21 canbe disabled app
when the adaptation parameter set 21 is referred to
picture data 31 about the IDR picture or the CRA pi
accordance with the method of introducing aps_group
mentionedabove, whenahigherpriorityisgivento
efficiency thanto the error resistance, the reduct
coding efficiency due to restrictions imposed on ad
parametersetswhichcanbereferredtocanbeprev
adaptationparametersetsdonotneedtobedisable
outtheencodinginsuchawaythatthevaluesoft
aps_group_id ofthe adaptation parameter setsaren
accordingtoanIiDRpictureoraCRApicture. Furt
encoding device that has a parameter aps_group_id i
adaptation parameter set can be constructed in such
to disable an adaptation parameter set whose parame
aps_group_id has a value different from that of a p
aps_group_idwhichistobereferredtoalsowhena
than IDR pictures and CRA pictures is decoded. By
way, the video encoding device can carry out an ada
disabling process of disabling adaptation parameter
arbitrarily setting the timing with which to change
parameteraps_group_idofanadaptationparameters
implement an adaptive process having error resistan
[0127]

Inaddition,thevideoencodingdevicecanbeconst
insuchawaythatwhenencodinganIDRpictureor
the variable length encoding unit 13 disables the a
parameter sets having indexes smallerthanthe inde
of an adaptation parameter which is to be referred

IDR picture or the CRA npicture, as another method o
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implementing the disabling process of disabling ada
parameter sets according to an IDR picture or a CRA
More specifically, in a case inwhichindexes are a
adaptationparametersetsintheorderinwhichthe
parameter setsare encoded inthe examples of Figs.
when the adaptation parameter set 21 is referred to
picture data 31 about an IDR picture or a CRA pictu
adaptation parameter sets 1 to 20 having indexes sm
the index of the adaptation parameter set 21 are di
Therefore, the adaptation parameter sets 1 to 20 ar
referredtobythepicturedata3landsubsequentp

and the video decoding device can always and correc
apredetermined picture and subsequentpictureswhe
the decoding from the access unit including the pic

31 about the IDR picture or the CRA picture.

[0128]

Inaddition, the variable lengthencodingunit13c
canbeconstructedinsuchawayasto,instead of
guantization matrix parameteras anadaptation para
encode the quantization matrix parameter in a pictu
headerasaparameterwhichcanbechangedonaper
Bydoingthisway,thevariablelengthencodinguni
thequantizationmatrixparameterandthefilterpa
independent units respectively. In this case, the
processesastheadaptationparametersetinitializ
using a sequence level header and the disabling pro
disablingadaptationparametersetsaccordingtoan
picture,whichareexplainedabove,arecarriedout
quantization matrix parameter.

[0129]
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Further, the variable length encoding unit 13 can b e
constructedinsuchawayasto, insteadofencodin gthefilter
parameters which are used in the loop filter unit 1 1 as an
adaptation parameter set, encode the filter paramet ers which
are usedonaperslice basis by directly usingthe slice data
about a slice level header or the like. By doing t his way,
because it becomes unnecessary to encode indexes ea ch
indicatinganadaptationparametersetwhichisto bereferred
to at the time of the decoding process on each slic e whichis
oneslicelevelheaderforthefilterparameterswh ichareused
intheloopfilterunit11whennoredundantfilter parameters
exist between slices, the code amount of the indexe s can be

reduced and the coding efficiency can be improved.

[0130]

Next,the processingcarriedoutbytheintrapredi ction
unit4 will be explained in detail. Fig.7isane xplanatory
drawing showing an example of intra prediction mode s each of
which is an intra prediction parameter which can be selected
for each prediction block P i "in the coding block B n. Inthe
figure,NIshowsthenumberofintrapredictionmod es. InFig.

7 theindexvaluesoftheintrapredictionmodesa ndprediction
directionvectorsrepresented by each ofthe intra prediction
modesareshown. IntheexampleofFig.7,itisd esignedthat
arelative angle between predictiondirectionvecto rsbecomes
smallwithincreaseinthenumberofselectableint raprediction
modes.

[0131]

The intra prediction unit 4 carries out the intra
prediction process on each prediction block P i " by referring

to the intra prediction parameter of the prediction block P
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togenerateanintrapredictionimageP INTRAI N,asmentionedabove.
Hereafter, anintraprocess of generating anintra prediction
signal of a prediction block P i "in the luminance signal will

be explained.

[0132]

Itis assumed that the size of the prediction block Pin
isl i"xmnpixels. Fig.8isanexplanatory drawing showing an
example of pixels which are used when generating a predicted
value of each pixel in the prediction block P i "inthe case of
| i"=mn=4. Although (2xI i "+1) already-encoded pixels located
abovethepredictionblockP i"and(2xm ; ")already-encodedpixels
located to the left of the prediction block P inare setasthe
pixels used for prediction in the example of Fig. 8 ,alarger
orsmallernumberof pixelsthanthe pixelsshowni nFig.8can
be used for prediction. Further, although one row or column
of pixels adjacent to the prediction block P in are used for
predictioninthe example showninFig. 8,twoorm ore rows or
columns of pixels adjacent to the prediction block Pi " can be

alternatively used for prediction.

[0133]

Whentheindexvalueindicatingtheintrapredictio nmode
forthepredictionblockP i "isO(planarprediction),theintra
predictionunitusesalready-encodedpixelsadjacen ttothetop
ofthepredictionblockP i "andalready-encodedpixelsadjacent
to the left of the prediction block P i " so as to determine a
value interpolated according to the distance betwee n these
pixels and the target pixel to be predicted in the prediction
blockP ;nrasapredictedvalueandgenerateapredictionima ge.
Further, whenthe index value indicating the intra prediction

modeforthepredictionblockP i Nis2(average(DC)prediction),
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the intra prediction unit determines the average of the
already-encoded pixels adjacent to the top of the p rediction
block P ;" andthe already-encoded pixels adjacent to the lef t
ofthepredictionblockP i "asthepredictedvalueofeachpixel
inthepredictionblockP i 'soastogenerateapredictionimage.
[0134]

Whentheindexvalueindicatingtheintrapredictio nmode
isotherthanO(planarprediction)and2(average prediction),
the intra prediction unitgenerates a predicted val ue ofeach
pixelinthe prediction block P i "onthe basis of a prediction
directionvector up=(dx,dy)shownbytheindexvalue. Asshown
in Fig. 9, when the relative coordinates of each pi xelinthe
prediction block P i "are expressed as (X, y) with the pixel at
theupperleftcornerofthe predictionblock P i "beingdefined
asthe pointoforigin, eachreference pixelwhich isused for

predictionislocatedatapointofintersectionof

and an adjacent pixel.

x
L—( }+kuﬂ
y

where K is a negative scalar value.
[0135]

When areference pixelis at an integer pixel posit
the value of the corresponding integer pixel is det
thepredictedvalueofthetargetpixeltobepredi
whenareferencepixelisnotatanintegerpixelp
value of an interpolation pixel generated from the
pixelswhichareadjacenttothereference pixelis
asthepredictedvalueofthetargetpixeltobepr

the example shown in Fig. 8, because areference pi

Lshownbelow

ion,
ermined as
cted,whereas
osition,the
integer
determined
edicted. In

xelis not
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located at an integer pixel position, the predicted
interpolated from the values of two pixels adjacent
reference pixel. The intra prediction unit can use

the adjacent two pixels but also one or more adjace

to generate aninterpolation pixel and determine th

this interpolation pixel as the predicted value. W
increase in the number of pixels used for the inter
process provides an advantage of improving the accu
interpolationofaninterpolationpixel,becauseth
complexity of computations required for the interpo
processincreaseswiththeincreaseinthenumbero
fortheinterpolationprocess,itispreferableto
interpolation pixel from a larger number of pixels

in which the video encoding device requires high co
performance even if the arithmetic load is large.
[0136]

Throughtheprocessdescribedabove theintrapred
unit generates prediction pixels for all the pixels
luminance signal in the prediction block P
intrapredictionimageP
(intra prediction mode) used for the generation of
prediction image P
encoding unit 13 in order to multiplex the intra pr
parameter into the bitstream.

[0137]

Like in the case of performing a smoothing process
referenceimageatthetimeofcarryingoutanintr
on an 8x8-pixel block in an image which complies wi
AVC/H.264 explained previously, even in a case in w

already-encoded pixel adjacent to the prediction bl

value is

to the

not only

nt pixels

e value of
hile the
polation
racy of
edegreeof
lation

fpixelsused
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in a case

ding

iction
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which a smoothing process is carried out is provide
reference pixel at the time of generating an interm
prediction image of the prediction block P
predictionunit4 cancarryoutthefilteringproce

the same as the above-mentioned example on the inte
prediction image.

[0138]

The intra prediction unit also carries out an intra
prediction process based on the intra prediction pa
(intrapredictionmode)oneachofthecolordiffer
ofthe prediction block P
thataccording to which the intra prediction unitc
the intra prediction process on the luminance signa
outputstheintrapredictionparameterusedforthe
ofthe intra prediction image to the variable lengt
unit 13. However, selectable intra prediction para
(intra prediction modes) for each of the color diff
signals can differ from those for the luminance sig
example, inthe case of a YUV 4:2:0 format, each of
differencesignals(UandVsignals)istheonewho
isreducedtoone-halfthatofthe luminance signal
bothinahorizontaldirectionandinaverticaldi
thecomplexityofeachofthecolordifferencesign
than that of the luminance signal and hence a predi
be carried out on each of the color difference sign
easily than on the luminance signal. Therefore, by
the number of selectable intra prediction parameter
prediction modes) for each of the color difference
be smaller than that for the luminance signal, are

the code amount required to encode the intra predic

d as the

ediate

i, the intra

sswhichis

rmediate

rameter

encesignals

i "according tothe same procedure as

arries out
l, and
generation
hencoding
meters
erence
nal. For
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seresolution
(Ysignal)
rection,and
alsislower
ction can
als more
reducing
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signalsto
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parameter(intrapredictionmode)andareductioni
of computations required to carry out the predictio
can be implemented.

[0139]

Next, the processing carried out by the video decod
device shown in Fig. 3 will be explained concretely
receivingthebitstreamgeneratedbythevideoenco
shownin Fig. 1, the variable length decoding unit
outavariable length decoding process on the bitst
ST21 of Fig. 4) and decodes the header information
level header) about each sequence consisting of one
framesofpictures,suchastheinformationaboutt
the header information about each picture (picture
header), and the filter parameters for useinthel
unit38andthequantizationmatrixparameter,whic
as an adaptation parameter set. At this time, from
gquantizationmatrixparameterineachadaptationpa
variable-length-decoded by the variable length deco
31,thevideodecodingdevicespecifiesthequantiz
of the adaptation parameter set. Concretely, fore
chrominancesignalsandforeachcodingmodeateac
transformation size, the video decoding device spec
quantizationmatrixforwhichthequantizationmatr
is prepared, as an initial value, in advance and in
betweenthevideoencodingdeviceandthevideodec
Asanalternative,whenthequantizationmatrixpar
that the quantization matrix is an already-decoded
guantizationmatrixisnotanewone),thevideode
specifies the quantization matrix by referring to t

information specifying which quantization matrix in

ntheamount

n process

ing
. When
dingdevice
31carries
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above-mentioned matrices included in the above-ment
adaptationparametersetisthequantizationmatrix
thequantizationmatrixparametershowsthatanew
matrixisused, specifies,asaquantizationmatrix
the quantization matrix included in the quantizatio
parameter. The video decoding device thendecodes
information(slicelevelheader)abouteachslice,
slice partitioning information, from each slice dat
constructs the data about each picture, and decodes
dataabouteachslice. Atthistime,thevideodec
specifiesthe adaptation parametersetwhichisto
eachslicebyreferringtotheindex(aps_id)ofth
parametersetexistingintheslicelevelheader.
inwhichthe video encodingdevice showninFig. 1
filterparameterswhichareusedonaperslicebas
using slice data, instead of encoding the filter pa
which are used by the loop filter unit 38 as an ada
parameter set, the video decoding device decodes th
parameters which are used by the loop filter unit 3
slice data.
[0140]
Thevariablelengthdecodingunit31alsodetermine
largestcoding block size and the upper limitonth
hierarchies of the partitioning which are determine
encodingcontrollingunit2 ofthevideoencodingd
inFig. 1accordingtothe same procedure asthata
whichthevideoencodingdevicedoes(stepST22).
when the largest coding block size and the upper li
number of hierarchies of the partitioning are deter

accordingto the resolution of the video signal, th

ioned
,and,when
guantization
tobeused,
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the header
suchasthe
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length decoding unitdeterminesthe largest coding blocksize
onthebasisofthedecodedframesizeinformation andaccording
to the same procedure as that according to which th e video
encoding device does. When the largest coding bloc k size and
theupperlimitonthenumberofhierarchiesofthe partitioning
are multiplexed into the sequence level header by t he video
encoding device, the variable length decoding unit uses the
values decoded from the above-mentioned header. He reafter,
the above-mentioned largest coding block size is re ferred to
asthelargestdecodingblocksize,andalargestc odingblock
isreferredtoasalargestdecodingblockinthev ideodecoding
device. The variable length decoding unit 31 decod es the
partitioningstateofalargestdecodingblockass howninFig.

6 for each determined largest decoding block. The variable
lengthdecodingunithierarchically specifiesdecod ingblocks
(i.e., blocks corresponding to "coding blocks" whic h are
processed by thevideo encoding device showninFig .1)onthe

basis of the decoded partitioning state (step ST23)

[0141]

The variable length decoding unit 31 then decodes t he
coding mode assigned to each decoding block. The v ariable
length decoding unit partitions each decoding block into one
ormorepredictionblockseachofwhichisaunitf orprediction
processonthebasisoftheinformationincludedin thedecoded
coding mode, and decodesthe prediction parameter a ssignedto
each of the one or more prediction blocks (step ST2 4).

[0142]

More specifically, when the coding mode assigned to a

decoding block is an intra coding mode, the variabl e length

decodingunit31ldecodestheintrapredictionparam eterforeach
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ofthe one or more prediction blocks whichareincl udedinthe
decodingblockandeachofwhichisaunitforpred ictionprocess.
Incontrast, whenthe codingmode assignedtoadec odingblock
is an inter coding mode, the variable length decodi ng unit
decodes the inner prediction parameter and the moti on vector
foreachoftheoneormorepredictionblockswhich areincluded
inthedecodingblockandeachofwhichisaunitf orprediction

process (step ST24).

[0143]

Thevariablelengthdecodingunit31furtherdecode sthe
compressed data (transformed and quantized transfor m
coefficients) of each orthogonal transformation blo ck onthe
basis of the orthogonal transformation block partit ioning
information included in the prediction difference c oding

parameters (step ST24).

[0144]

Whenthecodingmodem(B n)variable-length-decodedbythe
variablelengthdecodingunit3lisanintracoding mode (when
m(B") €INTRA),theselectswitch33outputstheintrapred iction

parameter of  each prediction block,  which is
variable-length-decoded by the variable length deco ding unit
31, to the intra prediction unit 34. In contrast, when the

coding mode m(B ") variable-length-decoded by the variable

length decoding unit 31 is an inter coding mode (wh enm(B ")
€ INTER), the select switch outputs the inter predict ion
parameterandthemotionvectorofeachprediction block,which
are variable-length-decoded by the variable length decoding

unit 31, to the motion compensation unit 35.
[0145]
Whenthecodingmodem(B n)variable-length-decodedbythe
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variablelengthdecodingunit3lisanintracoding mode(m(B ")
EINTRA)(stepST25),theintrapredictionunit34re ceivesthe
intraprediction parameter of each prediction block outputted
fromthe selectswitch 33,and carriesoutanintra prediction
process on each prediction block P i "in the decoding block B n
using the above-mentioned intra prediction paramete r while
referringtothedecodedimagestoredinthememaory 37forintra
prediction to generate an intra prediction image P INTRA; "
according to the same procedure as that which the i ntra

prediction unit 4 shown in Fig. 1 uses (step ST26).

[0146]

Whenthecodingmodem(B n)variable-length-decodedbythe
variablelengthdecodingunit3lisanintercoding mode(m(B ")
EINTER) (step ST25),themotioncompensationunit35 receives
the motion vector and the inter prediction paramete r of each
predictionblockwhichareoutputtedfromtheselec tswitch33,
andcarriesoutaninterpredictionprocessoneach prediction
block P " in the decoding block B n using the above-mentioned
motion vector and the above-mentioned inter predict ion
parameter while referring to the decoded image stor edinthe
motion-compensatedpredictionframememory39ando nwhichthe
filteringprocessiscarriedouttogenerateanint erprediction

image P \nteri " (Step ST27).

[0147]

When receiving the compressed data and the predicti on
differencecodingparametersfromthevariableleng thdecoding
unit31,theinverse quantization/inversetransform ationunit
32inverse-quantizesthecompresseddataabouteach orthogonal
transformationblockbyreferringtothequantizati onparameter

and the orthogonal transformation block partitionin g
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information which are included in the prediction di fference
coding parameters according to the same procedure a s that

according to which the inverse quantization/inverse

transformation unit8 showninFig. 1 does. Atthi stime, the
inverse quantization/inverse transformation unit re fers to
each header information variable-length-decoded by the
variable length decoding unit 31, and, when this he ader
information shows that the inverse quantization pro cess is
carriedoutonthecorrespondingslicebyusingthe guantization
matrix, carries outthe inverse quantization proces sbyusing

the quantization matrix.
[0148]

At this time, the inverse quantization/inverse

transformationunitspecifiesthequantizationmatr ixwhichis
tobeusedforeachofthechrominancesignalsand foreachcoding
mode (intra encoding or inter encoding) at each ort hogonal
transformation size by referring to each header inf ormation
variable-length-decoded by the variable length deco ding unit
31. Concretely, the quantization matrix, which is specified
fromthe slice level header, for the adaptation par ameter set
whichisreferredtobytheslice currentlybeingp rocessedis
set as the quantization matrix to be used forthe s lice. The
inverse quantization/inverse transformation unit 32 also
carriesoutaninverseorthogonaltransformationpr ocessonthe
transformcoefficientsofeachorthogonaltransform ationblock

which are the compressed data which the inverse

quantization/inversetransformationunitinverse-qu antizesto
calculate adecoded prediction difference signalwh ichisthe
same as the local decoded prediction difference sig nal

outputted from the inverse guantization/inverse
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transformation unit 8 shown in Fig. 1 (step ST28).
[0149]
Theaddingunit36addsthedecodedpredictiondiff

signal calculated by the inverse quantization/inver

transformation unit 32 and either the intra predict
PinTrai " generated by the intra prediction unit 34 or the i
prediction image P
unit35tocalculateadecodedimageandoutputthe

to the loop filter unit 38, and also stores the dec
inthememory37forintraprediction(stepST29).

image is a decoded image signal which is used at th
subsequent intra prediction processes.

[0150]

When completing the processes of steps ST23 to ST29

all the decoding blocks B
38carriesoutapredeterminedfilteringprocesson
imageoutputtedfromtheaddingunit36,andstores

image filtering-processed thereby in the motion-com
prediction frame memory 39 (step ST31). Concretely
filter unit carries out a filtering (deblocking fil
processofreducingadistortionoccurringatabou
orthogonaltransformationblocksandadistortiono
aboundarybetweenpredictionblocks,aprocess(pi

offset process) of adaptively adding an offsetto e

an adaptive filtering process of adaptively switchi
linear filters, such as Wiener filters, and perform
filtering process, and so on. However, for each of
above-mentioned filtering processes including the d
filtering process, the pixel adaptive offset proces

adaptive filtering process, the loop filter unit 38

erence
se
ionimage

nter

INTERI " generated by the motion compensation

decodedimage

oded image
Thisdecoded

e time of
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whether ornotto carry outthe processontheslic ecurrently
being processed by referring to each header informa tion
variable-length-decoded by the variable length deco ding unit
31. At this time, in the case in which the loop fi Iter unit
11ofthevideoencodingdeviceisconstructedass howninFig.
11, theloopfilter unit38is constructed as shown inFig.12

in the case of carrying out two or more filtering p rocesses.
[0151]

In the deblocking filtering process, when referring to
the adaptation parameter setwhichistobe referre dtobythe
slice currently being processed, and there exists ¢ hange
information for changing the various parameters use d for the
selection of the intensity of a filter applied to a block
boundaryfromtheirinitialvalues,theloopfilter unitcarries
outthedeblockingfilteringprocessonthebasiso fthechange
information. When no change information exists, th e loop
filter unit carries out the deblocking filtering pr ocess

according to a predetermined method.

[0152]

Inthepixeladaptiveoffsetprocess,theloopfilt erunit
referstothe adaptation parametersetwhichisto bereferred
to by the slice currently being processed, partitio ns the
decodedimageintoblocksonthebasisoftheblock partitioning
information included in the adaptation parameter se t, refers
to the index included in the adaptation parameter s et and
indicating the class classifying method of each of the blocks
on a per block basis, and, when the index does not show "does
not carry out the offset process”, carries out a cl ass
classification on each pixel in each of the blocks according

to the class classifying method indicated by the
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above-mentionedindexonaperblockbasis. Ascan
the class classifyingmethod, class classifyingmet
arethesameascandidatesforthe classclassifyin
thepixeladaptiveoffsetprocesscarriedoutbyth

unit 11 are prepared in advance.

[0153]

The loop filter unit 38 then refers to the offset

information specifying the offset calculated for ea
determinedonaperblockbasisandincludedinthe
parameter set, and carries out a process of adding

to the brightness value of the decoded image. Howe

caseinwhichthe pixeladaptive offsetprocesscar

the loop filter unit 11 of the video encoding devic

constructedinsuchawayastoalwayspartitionth
blocks each having afixed size (e.g., largest codi
withoutencodingthe block partitioning information
classclassifyingmethodforeach ofthe blocks, an
theadaptiveoffsetprocessforeachclass,theloo

38 also carries out the pixel adaptive offset proce
block havingthe same fixed size asthat processed
filter unit 11.

[0154]

Inthe adaptive filtering process, the loop filter
referstothe adaptation parametersetwhichisto
tobytheslice currentlybeingprocessed, and, aft
outaclassclassificationaccordingtothesameme
used by the video encoding device of Fig. 1, carrie
filtering process by using the filter for each clas
in the adaptation parameter set on the basis of inf

about the class classification. However, in a case

didatesfor
hodswhich
gmethod of

eloopfilter
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intheadaptivefilteringprocesscarriedoutbyth
unitllofthevideoencodingdevice,theabove-men
classification,andthefilterdesignandthefilte

are constructed insuchaway astobe carried out
oftheentireimage, eachblockhavingafixedsize
largestcodingblock, theloopfilterunit38also
filterusedforeachclassandcarriesouttheabov
classclassificationandtheabove-mentionedfilter

on each block having a fixed size which is the same
processedbytheloopfilterunitll. Thedecoded
thefiltering processis carried out by this loop f
38isareferenceimageformotion-compensatedpred
is also a reproduced image.

[0155]

When anew sequence level header (sequence level he

2)isinsertedintosomemidpointinthecodedbits
ofasequence change, asshowninFig.18,thevari
decoding unit 31 disables all the adaptation parame
already decoded when decoding the new sequence leve
Therefore, inthe example shown in Fig. 18, arefer
adaptationparametersetoverasequencelevelhead

a reference to an adaptation parameter set 2 at the
decoding picture data 30, is not made. In addition
adaptationparametersetwhichisdecodedwhenpast
parametersetscannotbeusedatallthroughtheab
disablingprocessofdisablingadaptationparameter

like is the one in which parameters including a qua
matrixdonotrefertoapastadaptationparameter

makes it possible to decode all the parameters by u

theadaptationparametersetinquestion. Thisres

eloopfilter
tionedclass
ringprocess
on,instead
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prevent a decoding error from occurring as a result
anerroroccursinapartofthe coded bitstream pr
newsequencelevelheader,referringtoanadaptati
setinthe partofthebitstream, therebybeingabl
theerrorresistance. However,inthe caseinwhic
encoding device is constructed in such a way as to
initialization flag aps_reset flag for each adaptat
parameter set in a sequence level header, each adap
parametersetisinitializedonlywhenitsflagaps
decoded by the variable length decoding unit 31 is
"enable", whereas each adaptation parameter set is
initialized whenitsflagaps_reset_flagissetto
By doing this way, the video decoding device can co
decode the stream generated by the video encoding d
carries out the adaptive initializing process using
initialization flag aps_reset flag for each adaptat
parameter set.
[0156]

Inaddition,inthecaseinwhichthevideoencodin

is constructed in such a way as to have, as a part

parameters of each adaptation parameter set, a flag

previous_aps_clear flag for disabling
adaptation parameter sets, when a previous_aps_clea
decoded by the variable length decoding unit 31 is

"enable”, the variable length decoding unit 31 disa

adaptation parameter sets decoded before the adapta

parameterset,whereaswhentheprevious_aps_clear_
to"disable",thevariablelengthdecodingunitdoe
outtheabove-mentioneddisablingprocess. Moresp

in the example of the coded bitstream shown in Fig.
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the variable length encoding unit 13 of the video e
device has encoded the flag previous_aps_clear_flag
adaptation parameter set 21 as "enable", the adapta
parameter sets 1 to 20 are disabled and no referenc
adaptation parameter sets 1 to 20 is made for pictu
encoded in order after an IDR picture or a CRA pict
Therefore, random access according to the IDR pictu
CRApicturecanbeimplementedinthedecodingfrom
level header 2 which is the head of the access unit
the picture data 31 about the IDR picture or the CR
[0157]

Asanalternative,inthecaseinwhichthevideoe
deviceisconstructedinsuchawayastoimplement
process of disabling adaptation parameter sets for
access by providing a flag part_aps_clear_flag for
someadaptationparametersetswhendecodinganIDR
a CRA picture in a sequence level header or a NAL u
a flag part_aps_clear_flag decoded by the variable
decoding unit 31 at the time of decoding an IDR pic
CRA picture is set to "enable”, the variable length
unit 31 disables the adaptation parameter sets prec
picture data about the picture immediately precedin
pictureorthe CRApicture. Morespecifically,in
showninFig. 24, whenthe variable lengthencoding
the video encoding device has encoded the
part_aps_clear_flaginthe sequence level header 2
unit of the picture data 31 as "enable", the adapta
parameter sets preceding the picture data 30 which

picture data immediately preceding the picture data

disabled when decoding the picture data 31. Theref

ncoding
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tion
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ure.
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reference tothe adaptation parameter sets 1to 20
the pictures to be decoded in order after the IDR p
theCRApicture,andrandomaccessaccordingtothe
orthe CRA picture canbe implementedinthe decodi
sequencelevelheader2. However,inthecaseinw
encodingdeviceisconstructedinsuchawayasto
out the disabling process of disabling adaptation p
sets when encoding an IDR picture or a CRA picture
providing such a flag as above, the video decoding
be constructedinsuchawaythatthevariableleng
unit 31 always carries out the above-mentioned disa
process of disabling adaptation parameter sets when
the IDR picture or the CRA picture, thereby being a
correctly decode the coded bitstream generated by t
above-mentioned video encoding device.
[0158]

Inaddition,inthecaseinwhichthevideoencodin
is constructed in such a way as to have a parameter
toasaps_group_idineachadaptationparameterset
ofimplementingthe disabling process of disabling
parameter sets according to an IDR picture or a CRA
whendecodingthe DR picture orthe CRApicture, t
length decoding unit 31 of the video decoding devic
an adaptation parameter set having aps_group_id who
differs from that of aps_group_id which another ada
parameter set has, the other adaptation parameter s
referredtobythelDRpictureortheCRApicture.
in the case shown in Fig. 24, when the video encodi
encodes the adaptation parameter sets in such away

the parameters aps_group_id of the adaptation param
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icture or
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1to20tozeroandalsosetthe parametersaps_gro
adaptationparameterset2landsubsequentadaptati
setstoone, thevariablelengthdecodingunit31o
decodingdevicedisablestheadaptationparameters
having parameters aps_group_id (=0) different from
parameteraps_group_id(=1)oftheadaptationparam
whenthepicturedata3laboutthelDRpictureort

refers to the adaptation parameter set 21. Therefo
adaptation parameter sets 1 to 20 are not referred
picture data 31 and subsequent picture data, and th
decodingdevicecanalwaysandcorrectlydecodeap
picture and subsequent pictures by starting the dec
thesequencelevelheader2whichistheheadofth
including the picture data 31 aboutthe IDR picture
picture.

[0159]

up_idofthe
onparameter
fthevideo
ets1to20
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eterset21
heCRApicture
re, the
to by the
e video
redetermined
oding from
eaccessunit

orthe CRA

In accordance with the method of introducing an

aps_group_idasmentionedabove,whenthevideoenc
carriesouttheencodinginsuchawayasnottoch
oftheparametersaps_group_idoftheadaptationpa
accordingtoaniDRpictureoraCRApicturewhile
prioritytothecodingefficiencythantotheerror

the video decoding device can also decode the adapt
parametersetscorrectlywithouttheadaptationpar
being disabled because, when the picture data about
picture or the CRA picture refers to an adaptation
set,thereexistsnoadaptationparametersethavin
aps_group_id whose value differs from that of the p
aps_group_idoftheadaptationparametersetwhich

tobythepicturedata. Further,inthecaseinwh
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angethevalues
rametersets
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encoding device is constructed in such away as to
adaptationparametersethavingaparameteraps_gro
valuediffersfromthatofthe parameteraps_group__
referredtoalsowhendecodingapictureotherthan

or CRA pictures, the variable length decoding unit

video decoding device disables an adaptation parame
having aparameteraps_group_id whose value differs
oftheparameteraps_group_idwhichisreferredto

apicture. Bydoinginthisway,thevideodecodin

correctly decode the stream generated by the video
device that implements the adaptive disabling proce
disablingadaptationparametersetsbyarbitrarily

timing with which to change the parameter aps_group
adaptation parameter set.

[0160]

In addition, in the case in which the variable leng
encoding unit 13 of the video encoding device is co
insuchawayasto,whenencodinganIDRpictureo
carry out the disabling process of disabling adapta
parametersetsaccordingtothe IDR picture orthe
by using the index (aps_id) of each adaptation para
as another method of implementing the disabling pro
disablingadaptationparametersetsaccordingtoan
or a CRA picture, the variable length decoding unit
video decoding device disables the adaptation param
havingindexessmallerthantheindex(aps_id)oft
parameter set in question when referring to the ada
parameter set which is referred to by the IDR pictu
CRA picture. More specifically, inthe case inwhi

areassignedtoadaptationparametersetsintheor

disable an
up_idwhose
idwhichis
IDRpictures
31 of the
ter set
fromthat
whendecoding
gdevicecan
encoding
ss of
settingthe

_idofan

th
nstructed
raCRApicture,
tion
CRApicture
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cess of
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chindexes
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theseadaptationparametersetsareencodedinthe
Figs.24and28,whentheadaptationparameterset
tobythepicturedata3laboutanIDRpictureora

the adaptation parameter sets 1 to 20 having indexe
thantheindexoftheadaptationparameterset2la
Therefore, the adaptation parameter sets 1 to 20 ar
referredtobythepicturedata3landsubsequentp

and the video decoding device can always and correc
apredetermined picture and subsequentpictureswhe
the decoding from the access unit including the pic
31 of the IDR picture or the CRA picture.

[0161]

Inaddition,inthecaseinwhichthevideoencodin
is constructed in such a way as to, instead of enco
quantization matrix parameter as anadaptation para
encode the quantization matrix parameter in a pictu
headerasaparameterwhichcanbechangedonaper
thesameprocessesastheadaptationparameterset
processusingasequencelevelheaderandthedisab
of disabling adaptation parameter sets according to
CRA picture, which are explained above, are carried
on the quantization matrix parameter.

[0162]

As can be seen from the above description, because
video encoding device according to this Embodiment
constructedinsuchawaythattheloopfilterunit
the local decoded image into a plurality of blocks,
classification method of carrying out a class class
onaperblockbasis,carriesoutaclassclassific

pixel within a block currently being processed by u

examplesof
2lisreferred
CRApicture,
s smaller
redisabled.
e not
icturedata,
tly decode
nstarting

ture data

gdevice
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meter set,
re level
picturebasis,
initializing
lingprocess
anIDRor
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11partitions
selectsa
ification
ationoneach
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classificationmethod,andalsoreferstothetable

indexes respectively corresponding to the combinati
offset values respectively calculated for classes s
specify the index corresponding to the combination
values one of which is to be added to the pixel val

pixel on which the class classification is carried

carrying out the pixel adaptive offset process of a

offset value to the above-mentioned pixel value, an
variable length encoding unit 13 encodesthe index

the classification method of carrying out
classification on a per block basis, whichis selec
loop filter unit 11, and the index corresponding to
combinationofoffsetvaluesspecifiedbytheloop
11asfilterparameters,thereisprovidedanadvan

able to implement a high-accuracy distortion compen
process while reducing the code amount required to

offset information.

[0163]

Further, because the video decoding device accordin
thisEmbodiment 1 hasthetable forspecifyingano
foreachclassofthepixeladaptiveoffsetprocess
by the loop filter unit 38 thereof, and specifies t
value from the decoded table index information and
above-mentionedtable,thereisprovidedanadvanta
able to correctly decode the bitstream encoded by t
encodingdeviceinwhichtheoffsetvalueforeach
pixel adaptive offset process carried out by the lo
unit 11 is tablized.

[0164]

Embodiment 2.

a class

showingthe
ons of
0 as to
of offset
ue of each
out while
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filterunit
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sation

encodethe

gto
ffsetvalue
carriedout
he offset
the
geofbeing
he video
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Although the high-accuracy distortion compensation

process of reducing the code amount required to enc
offset information by tablizing the combination of
calculated respectively for the classes of the pixe
offset process carried out by the loop filter unit
explainedinabove-mentionedEmbodimentl,amethod
the code amount required to encode the offset infor
without using any table will be explained in this E
2.
[0165]

BecausethisEmbodiment2differsfromEmbodiment1
inamethod of calculating an offsetto be added to
belongingtoeachclassinthe pixeladaptive offse
carriedoutbytheloopfilterunitllandtheloop
38 according to above-mentioned Embodiment 1, and o
information to be encoded, only the difference will
explained.
[0166]

An offset calculation process for each class accord
to an EO method is defined as follows.

OFFSED =0

OFFSET =X

OFFSET = [X/2]

OFFSET = -[X/2]

OFFSET, = -X

where OFFSET , shows an offset value for a class z, X shows a

parameter determining the offset value, and [n] sho
integral part of a real number n.
[0167]

By defining the offset calculation process this way

ode the
offsets
ladaptive
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isnotnecessarytoencodetheoffsetvalueforeac
what is necessary is just to encode the parameter X
information. Therefore, the code amount can be red
addition, there is an advantage of eliminating the

toprovideamemoryrequiredtostorethetableas

the case, as shown in above-mentioned Embodiment 1,

the table showing the combinations of offsets calcu

respectivelyforclasses. AlsoforaBO method,an
eachclasscanbesimilarlydefinedbyusingonepa
example of setting the number L
shown below.

OFFSET =[Y/2]

OFFSETL =Y

OFFSET =[Y/2]
whereY showsaparameterdeterminingan offsetval
shows the integral part of a real number n. At thi
accordingtoanencodingmethodofencodingtheabo
parameters X and Y which the variable length encodi
uses, by setting up the range of values which each
parameterscanhaveinadvance andincommonbetwee
encodingdeviceandthevideodecodingdevice,high
encodingcanbecarriedoutbyusingabinarization
takesintoconsiderationthe range of valueswhich
be encoded, such as a truncated unary code shown in
has. In contrast, when the range of values which e
parameters can haveisnotsetupinadvance,acod
be binarized without taking into consideration the
values of a symbol to be encoded, such as a unary c
in Fig. 26, is used.
[0168]

hclass,and
as offset
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offsetfor
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Although the offset for each class is defined by us ing

only one parameter for both the EO method andthe B O methodin
the above-mentioned example, the offsetitself for eachclass
can be encoded as offset information for either one of the
methods. At this time, according to an encoding me thod of
encoding the above-mentioned offset value which the variable
lengthencodingunitl3uses,bysettinguptheran geofvalues
whichthe offsetcan haveinadvance andincommon betweenthe

video encoding device and the video decoding device :

high-efficiency encoding can be carried out by usin g a
binarization method which takes into consideration the range
ofvalueswhichasymboltobeencoded,suchasat runcatedunary
code shown in Fig. 25, has. In contrast, when the range of
values which the offset can have is not setup ina dvance, a
code which can be binarized withouttaking into con sideration
the range of values of asymbol to be encoded, such asaunary
codeshowninFig.26,isused. Ingeneral,while theEOmethod
has an effect of smoothing noise occurring inan ed ge portion

of the image, and has a high correlation between th e offset
valuesforclassesonthe basisofarelationshipa mong pixels
a, b, and c of each class, the BO method does noth ave aclear
correlationbetweenclasseswhichissubstantially thesameas
that which the EO method has. Therefore, there is acasein
which itis more appropriate to define an offset by using the
parameter X only for the EO method, while encoding the offset
value itself for each class as offset information f or the BO
method because a high image quality improvement eff ect is
acquired while the code amount required to encode t he offset
information increases. A calculation expression fo r

calculating an offset for each class can be prepare dforeach
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ofthechrominancesignals. Bydoingthisway,an
calculationexpressionforcalculatinganoffsetfo

can be prepared for each of the chrominance signal
havingdifferentsignalcharacteristics,andtheim
improvement effect can be enhanced.

[0169]

Further, candidates for the above-mentioned paramet
XandY can be prepared by using a table. By doing
the range of values which each of the parameters X
have is limited. However, when candidate values pr
the table can be set up appropriately, a high-accur
distortion compensation process can be implemented
codeamountrequiredtoencodetheparametersXand
Inaddition, the methodsaccordingtoboththeembo
becombined. Forexample,theEOmethodisapplied
calculation method and the encoding according
above-mentioned Embodiment 1, while the BO method i
tothe offsetcalculationmethodandtheencodinga
above-mentionedEmbodiment2(asanalternative, th
is applied to the offset calculation method and the
accordingtoabove-mentionedEmbodiment2,whileth
is applied to the offset calculation method and the
according to above-mentioned Embodiment 1).

[0170]

As can be seen from the above description, because
video encoding device according to this Embodiment
constructedinsuchawaythattheloopfilterunit
the local decoded image into a plurality of blocks,
classification method of carrying out a class class

onaperblockbasis,carriesoutaclassclassific

appropriate
reachclass
signals

agequality

ers
this way,
and Y can
eparedin
acy
while the
Yisreduced.
dimentscan
totheoffset
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pixel within a block currently being processed by u
classification method, and also determines a parame
calculating an offset value to be added to the pixe

each pixel on which the class classification is car
while calculating the offset value from the paramet
carrying out the pixel adaptive offset process of a

offset value to the above-mentioned pixel value, an
variable length encoding unit 13 encodesthe index

the classification method of carrying out
classification on a per block basis, whichis selec
loopfilterunitll,andtheparameterforcalculat
value,whichisdeterminedbytheloopfilterunit
parameters, there is provided an advantage of being
implement a high-accuracy distortion compensation p
while reducing the code amount required to encode t
information.

[0171]

Further, because the video decoding device accordin
thisEmbodiment 2 specifiesthe offsetvalue forea
thepixeladaptiveoffsetprocesscarriedoutbyth
unit 38 thereof from the single parameter, there is
an advantage of being able to correctly decode the
encodedbythevideoencodingdeviceinwhichtheo
foreachclassofthepixeladaptiveoffsetprocess
bytheloopfilterunit1lisdefinedbythe single
[0172]

While the invention has beendescribed inits prefe
embodiments, it is to be understood that an arbitra

combination of two or more of the above-mentioned e

can be made, various changes can be made in an arbi
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component in accordance with any one of the above-m
embodiments,andanarbitrarycomponentinaccordan
one of the above-mentioned embodiments can be omitt
the scope of the invention.

INDUSTRIAL APPLICABILITY

[0173]

Thepresentinventionissuitableforasystemthat
to implement a high-accuracy distortion compensatio
while reducing the code amount required to encode t
information.

EXPLANATIONS OF REFERENCE NUMERALS
[0174]

1blockpartitioningunit(blockpartitioner),2en
controlling unit (coding parameter determinator), 3
switch, 4 intra  prediction unit (predictor),
motion-compensatedpredictionunit(predictor),6s
unit (difference image generator),
transformation/quantization unit (image compressor)
inverse quantization/inverse transformation unit (|
decoded image generator), 9 adding unit (local deco
generator),10memoryforintraprediction(predict
filter unit (filter), 12 motion-compensated predict
memory(predictor),13variablelengthencodinguni
length encoder), 14 slice dividing unit (slice part
3lvariablelengthdecodingunit(variablelengthd
inverse quantization/inverse transformation unit (d
image generator), 33 select switch, 34 intra predic
(predictor),35motioncompensationunit(predictor
unit(decodedimagegenerator),37 memoryforintra

(predictor), 38 loop filter unit  (filter), 39

entioned
cewithany

ed within

needs
n process

he offset

coding

select

ubtracting
7
, 8
ocal
ded image
or),11loop
ion frame
t(variable
itioner),
ecoder),32
ifference
tion unit
),36adding

prediction
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motion-compensated prediction frame memory (predict
block partitioning unit, 102 prediction unit, 103 ¢
unit,104localdecodingunit,105addingunit,106

107 memory, 108 variable length encoding unit.

or), 101
ompressing

loopfilter,
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CLAIMS

[1] A video encoding device comprising:

afilterthatcarries outafiltering processona
decodedimagewhichisaresultofadditionofadi
decoded from compressed data about an inputted imag
predictionimage, and that outputs the local decode
whichthefilteringprocessiscarriedoutasaref
used when generating said prediction image; and

avariable length encoder that variable-length-enco
said compressed data and a filter parameter used wh
filtering process is carried out by said filter, an
generates a coded bitstream into which coded data a
compresseddataandcodeddataaboutsaidfilterpa
multiplexed,

wherein said filter determines a classification met
of carrying out a class classification on each codi

having a largest size, carries out a class classifi

each pixel within a block in question by using said

classification method, calculates an offset value f
class,andcarriesoutapixeladaptiveoffsetproc
said offset value to a pixel value of a pixel belon

corresponding class, and

local
fferenceimage

e and a

dimageon

erenceimage

des
en the
d that
bout said

rameterare

hod
ng block

cation on

or each
essofadding

gingto a

said variable length encoder

variable-length-encodes an index indicating the
classification method of carrying out a class class ification
oneachcodingblockhavingthelargestsize thec lassification
method being determined by said filter, and also
variable-length-encodesaparameterabouttheoffse tvaluefor
eachclassdeterminedforeachcodingblockhaving thelargest
sizeonabasisofabinarizationprocessusingat runcatedunary

code.
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[2] Thevideoencodingdevice accordingtoclaim1 , Wherein

saidvideoencodingdeviceincludes: aslicepartitionerthat
partitionsaninputtedimageintosliceswhichare aplurality

of part images; a coding parameter determinator that
determines the largest size of a coding block which is a unit

to be processed at a time when an encoding process is carried
outandalsodeterminesanupperlimitonanumber ofhierarchies

at a time when a coding block having the largest si ze is
partitioned hierarchically, and thatassigns a codi ng modeto
each of coding blocks which are partitioned hierarc hically;
ablockpartitionerthatpartitionsaslicewhichi spartitioned

by said slice partitioner into coding blocks each h aving the
largestsizedeterminedbysaidcodingparameterde terminator,
and that partitions each of said coding blocks hier archically
into blocks until its number of hierarchies reaches the upper
limitonthe numberofhierarchieswhichisdetermi nedbysaid
coding parameter determinator; a predictor that carries out
aprediction process according to the coding mode a ssigned by
saidcodingparameterdeterminatoroneachofthec odingblocks
which are partitioned by said block partitioner so as to
generateapredictionimage; adifferenceimagegeneratorthat
generatesadifferenceimage betweeneachoftheco dingblocks
which are partitioned by said block partitioner and the
prediction image generated by said predictor; an image
compressor that carries out a transformation proces s on the
differenceimage generated by said differenceimage generator
andquantizestransformcoefficientsofsaiddiffer enceimage,
andthatoutputsthe transform coefficients quantiz edthereby
as compressed data; and alocal decoded image generator that

decodesthedifferenceimagefromthecompressedda taoutputted
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from said image compressor, and adds the difference

decoded and the prediction image generated by said
soastogeneratealocaldecodedimage,

length encoder variable-length-encodes the compress
outputtedfromsaidimage compressor,thecodingmo

by said coding parameter determinator, a quantizati
parameter for generating a quantization matrix used
transformcoefficientsarequantizedbysaidimage
thefilterparameterusedwhenthefilteringproces

out by said filter, and header information of each
including information about the partitioning into t

by said slice partitioner so as to generate a coded
intowhichthecodeddataaboutsaidcompresseddat

about said coding mode, coded data about said quant
matrix parameter, the coded data about said filter

and coded data about said header information are mu

[3] Thevideoencodingdevice accordingto claim 2
when an intra coding mode is assigned, as the codin
corresponding to a coding block partitioned by the
partitioner, by the coding parameter determinator,
predictor carries out an intra-frame prediction pro
correspondingtosaidintracodingmodeoneachpre

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

a prediction image.

[4] Thevideoencodingdevice accordingtoclaim3
when an inter coding mode is assigned, as the codin
corresponding to a coding block partitioned by the
partitioner, by the coding parameter determinator,

predictorcarriesoutamotion-compensated predicti

image

predictor

whereinsaidvariable

ed data
deassigned
on matrix
when the
compressor,
siscarried
slice
he slices
bitstream
a,codeddata
ization
parameter,
[tiplexed.
, wherein
g mode
block
the
cess
dictionblock
carrying

astogenerate

,wherein
g mode
block
the
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oneachpredictionblockwhichisaunitforpredic
atatimeofcarryingoutthepredictionprocesson
blockbyusingareferenceimagesoastogenerate
image.

[5] Thevideoencodingdevice accordingtoclaim4
the coding parameter determinator
quantization parameter used when the difference ima
compressed and a transformation block partitioning

each of the coding blocks, and also determines an i
predictionparameteroraninterpredictionparamet
thepredictionprocessiscarriedoutforeachpred

ofsaid codingblock, the predictor carriesoutan

prediction process by using said intra prediction p
whenanintracodingmodeisassigned by said codin
determinator and carries out a motion-compensated p
processbyusingsaidinterpredictionparameterwh
codingmodeisassignedbysaidcodingparameterde
theimage compressorcarriesoutthetransformation

the difference image generated by the difference im
generator for each transformation block determined
codingparameterdeterminator,andalsoquantizest
coefficientsofsaiddifferenceimagebyusingthe

parameter and the quantization matrix parameter whi
determined by said coding parameter determinator an

thetransformcoefficientsquantizedtherebyasthe

data  about  said difference image, and,
variable-length-encodingsaidcompresseddata,the

said quantization matrix parameter, thefilter para

the header information of each slice, the variable
encoder variable-length-encodes the intra predictio

tionprocess
saidcoding

aprediction

,wherein

determines both a

ge is
state for
ntra
erusedwhen
ictionblock
intra-frame
arameter
gparameter
rediction
enaninter
terminator,
processon
age
by said
hetransform
guantization
ch are
d outputs

compressed

when

codingmode,
meter, and

length



10

15

20

25

30

119

parameter or the inter prediction parameter, which IS
determined by said coding parameter determinator, a nd
transformationblockpartitioninginformationsoas togenerate
the coded bitstream into which the coded data about said
compressed data, the coded data about said coding m ode, the
codeddataaboutsaidquantizationmatrixparameter ,thecoded
data about said filter parameter, the coded data ab out said
header information, coded data about said intra pre diction
parameter or said inter prediction parameter, and ¢ oded data
about said transformation block partitioning inform ation are
multiplexed.
[6] A video decoding device comprising:

avariable length decoder that variable-length-deco des
compressed data and a filter parameter from coded d ata
multiplexed into a coded bitstream; and

afilterthatcarriesoutafilteringprocessona decoded

imagedecodedfromthecompresseddatavariable-len
by said variable length decoder by using the filter
variable-length-decoded by said variable length dec
that outputs the decoded image on which the filteri
is carried out as a reproduced image,

wherein said variable length
variable-length-decodes, as a filter parameter, an
indicating a classification method of carrying out
classificationoneach codingblockhavingalarges
thecodeddatamultiplexedintosaid codedbitstrea
variable-length-decodes aparameteraboutan offset
each class for each coding block having the largest
basis of a binarization process using atruncated u

andsaidfilterspecifiestheclassificationmethod

gth-decoded
parameter
oder, and

ng process

decoder
index
a class
tsizefrom
m,andalso
valuefor
sizeona
nary code,

ofcarrying
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out a class classification on each coding block hav ing the
largest size by using the indexindicating the clas sification
method of carrying out a class classification on ea ch coding
block having the largest size, carries out a class
classificationoneachpixelbyusingtheclassific ationmethod
of carrying out a class classification, the classif ication
method corresponding to each coding block having sa idlargest
size, calculates an offset value from the parameter aboutthe
offset value for each class for each coding block h aving the
largest size, and carries out a pixel adaptive offs etprocess
ofaddingsaidoffsetvaluetoapixelvalueofap ixelbelonging

to a corresponding class.

[7] Thevideodecodingdevice accordingtoclaim6 , Wherein
saidvideodecodingdeviceincludes:avariablelen gthdecoder
that variable-length-decodes header information abo ut each
slice,aquantizationmatrixparameter,andafilte rparameter
from the coded data multiplexed into the coded bits tream, and
thatvariable-length-decodescompresseddataanda codingmode
associatedwitheachofcodingblockswhicharehie rarchically
partitionedfromsaid codeddata;apredictorthat carriesout

a prediction process according to the coding mode
variable-length-decoded by said variable length dec oder and
associatedwiththecodingblocksoastogenerate aprediction
image; a difference image generator that inverse-qu antizes
transform  coefficients which are compressed data
variable-length-decoded by said variable length dec oder and
associated with the coding block by using a quantiz ation
parameter and said quantization matrix parameter wh ich are
variable-length-decoded by said variable length dec oder, and
that inverse-transforms the transform  coefficients
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inverse-quantizedtherebysoastogenerateadiffe
beforecompression;andadecodedimagegeneratort
differenceimage generated by said differenceimage

and the prediction image generated by said predicto
generate a decoded image.

[8] Thevideodecodingdevice accordingtoclaim?7
when the coding mode variable-length-decoded by the
lengthdecoderandassociatedwiththecodingblock
coding mode, the predictor carries out an intra-fra
prediction process corresponding to said intra codi

each prediction block which is a unit for predictio
atatimeofcarryingoutthe predictionprocesson

block so as to generate a prediction image.

[9] Thevideodecodingdevice accordingtoclaim8
when the coding mode variable-length-decoded by the
lengthdecoderandassociatedwiththecodingblock
coding mode, the predictor carries out a motion-com
predictionprocessoneachpredictionblockwhichi
prediction process at a time of carrying out the pr
process on the coding block by using a reference im

to generate a prediction image.

[10] Thevideodecodingdevice accordingto claim
whenvariable-length-decodingthe compresseddata,
mode, and an adaptation parameter set from the code
multiplexed into the coded bitstream, the variable
decodervariable-length-decodesanintraprediction

or an inter prediction parameter, and transformatio
partitioning information, when the coding
variable-length-decoded by said variable length dec

associated with the coding block is anintra coding

renceimage
hataddsthe
generator

rsoasto

,wherein
variable
isanintra
me
ng modeon
n process

saidcoding

,wherein
variable
isaninter
pensated
saunitfor
ediction

age so as
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thecoding
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predictor carries out the intra-frame prediction pr
usingsaidintrapredictionparameter,and,whenth
variable-length-decoded by said variable length dec
associated with the coding block is an inter coding
carriesoutthemotion-compensatedpredictionproce
said inter prediction parameter, and the difference
generator inverse-transforms the transform coeffici
inverse-quantized thereby for each of transformatio
acquired from the transformation
information variable-length-decoded by said variabl
decodersoastogenerateadifferenceimagebefore

[11] A video encoding method comprising:

a filtering process step of a filter carrying out a
filtering process on a local decoded image which is
ofadditionofadifferenceimagedecodedfromcomp
aboutaninputtedimageandapredictionimage,and
the local decoded image on which the filtering proc
carried out as a reference image used when generati
prediction image; and

a variable length encoding process step of a variab
length encoder variable-length-encoding said compre
and a filter parameter used when the filtering proc
carried out in said filtering process step, and gen
codedbitstreamintowhichcodeddataaboutsaidco
and coded data about said filter parameter are mult

wherein said filtering process step includes the st
ofdeterminingaclassificationmethodofcarrying
classification on each coding block having a larges

carryingoutaclassclassificationoneachpixelw

in question by using said classification method, ca

block partitioning

ocess by
ecodingmode
oder and
mode,
sshyusing
image
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n blocks
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anoffsetvalueforeachclass,andcarryingouta

offsetprocess ofadding said offsetvalue to a pix
apixelbelongingto a corresponding class, and sai
includes

length encoding process step the steps

variable-length-encoding an index indicating
classification method of carrying out a class class
oneachcodingblockhavingthelargestsize thec
methodbeingdeterminedinsaidfilteringprocesss
variable-length-encodingaparameterabouttheoffs
eachclassdeterminedforeachcodingblockhaving
sizeonabasisofabinarizationprocessusingat

code.

[12] A video encoding method comprising:

a filtering process step of a filter carrying out a
filtering process on a local decoded image which is
ofadditionofadifferenceimagedecodedfromcomp
aboutaninputtedimageandapredictionimage,and
the local decoded image on which the filtering proc
carried out as a reference image used when generati
prediction image; and

a variable length encoding process step of a variab
length encoder variable-length-encoding said compre
and a filter parameter used when the filtering proc
carried out in said filtering process step, and gen
codedbitstreamintowhichcodeddataaboutsaidco
and coded data about said filter parameter are mult

wherein said filtering process step includes the st
ofdeterminingaclassificationmethodofcarrying

classification on each coding block having a larges

carryingoutaclassclassificationoneachpixelw

pixeladaptive

elvalue of

dvariable

of
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etvaluefor

thelargest
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in question by using said classification method, de
aparameterforcalculatinganoffsetvalueforeac

also calculating an offset value for each class fro
parameter,and carryingoutapixeladaptive offset
adding said offsetvalue to a pixel value of a pixe

to a corresponding class, and said variable length
processstepincludesthestepsofvariable-length-

index indicating the classification method of carry
class classification on each coding block having th
size, the classification method being determined by
filtering process step, and also variable-length-en
parameteraboutthe offsetvalueforeachclassdet

each coding block having the largest size on a basi
binarization process using a truncated unary code.
[13] A video decoding method comprising:

a variable length decoding process step of a variab
lengthdecodervariable-length-decodingcompressed
filter parameter from coded data multiplexed into a
bitstream;

a filtering process step of a filter carrying out a
filteringprocessonadecodedimagedecodedfromt
datavariable-length-decodedinsaidvariablelengt
process step by using the filter
variable-length-decoded in said variable length dec
process step, and outputting the decoded image on w

filtering process is carried out as a reproduced im

wherein said variable length decoding process step
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out a class classification on each coding block hav
largest size by using the indexindicating the clas

method of carrying out a class classification on ea
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blockhavingthelargestsize,andcarryingoutap
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