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eliminated. 

[0003] 

Fig. 21 is a block diagram showing a video encoding  device 

disclosed in nonpatent reference 1.  In this video encoding 

device, when receiving an image signal which is a t arget to be 5 

encoded, a block partitioning unit 101 partitions t he image 

signal into macroblocks and outputs an image signal  of each of 

the macroblocks to a prediction unit 102 as a parti tioned image 

signal.  When receiving the partitioned image signa l from the 

block partitioning unit 101, the prediction unit 10 2 carries 10 

out an intra-frame or inter-frame prediction on the  image signal 

of each color component in each of the macroblocks to determine 

a prediction error signal 

[0004] 

Particularly when carrying out a motion-compensated  15 

prediction between frames, a search for a motion ve ctor is 

performed on each macroblock itself or each of subb locks into 

which each macroblock is further partitioned finely .  Then, a 

motion-compensated prediction image is generated by  carrying 

out a motion-compensated prediction on a reference image signal 20 

stored in a memory 107 by using the motion vector, and a 

prediction error signal is calculated by determinin g the 

difference between a prediction signal showing the 

motion-compensated prediction image and the partiti oned image 

signal.  Further, the prediction unit 102 outputs p arameters 25 

for prediction signal generation which the predicti on unit 

determines when acquiring the prediction signal to a variable 

length encoding unit 108.  For example, the paramet ers for 

prediction signal generation includes an intra pred iction mode 

indicating how a spatial prediction is carried out within a 30 
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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 5 

correlation by carrying out a DCT (discrete cosine transform) 

process on the prediction error signal, and then qu antizes this 

prediction error signal to acquire compressed data.   When 

receiving the compressed data from the compressing unit 103, 

a local decoding unit 104 calculates a prediction e rror signal 10 

corresponding to the prediction error signal output ted from the 

prediction unit 102 by inverse-quantizing the compr essed data 

and then carrying out an inverse DCT process on the  compressed 

data. 

[0006] 15 

When receiving the prediction error signal from the  local 

decoding unit 104, an adding unit 105 adds the pred iction error 

signal and the prediction signal outputted from the  prediction 

unit 102 to generate a local decoded image.  A loop  filter 106 

eliminates a block distortion piggybacked onto a lo cal decoded 20 

image signal showing the local decoded image genera ted by the 

adding unit 105, and stores the local decoded image  signal from 

which the distortion is eliminated in a memory 107 as a reference 

image signal. 

[0007] 25 

When receiving the compressed data from the compres sing 

unit 103, a variable length encoding unit 108 entro py-encodes 

the compressed data and outputs a bitstream which i s the encoded 

result.  When outputting the bitstream, the variabl e length 

encoding unit 108 multiplexes the parameters for pr ediction 30 
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signal generation outputted from the prediction uni t 102 into 

the bitstream and outputs this bitstream. 

[0008] 

In accordance with the method disclosed by nonpaten t 

reference 1, the loop filter 106 determines a smoot hing 5 

intensity for a neighboring pixel at a block bounda ry in DCT 

on the basis of information including the granulari ty of the 

quantization, the coding mode, the degree of variat ion in the 

motion vector, etc., thereby reducing distortions o ccurring at 

block boundaries.  As a result, the quality of the reference 10 

image signal can be improved and the efficiency of the 

motion-compensated prediction in subsequent encodin g 

processes can be improved. 

[0009] 

In contrast, a problem with the method disclosed by  15 

nonpatent reference 1 is that the amount of high fr equency 

components lost from the signal increases with incr ease in the 

compression rate, and this results in excessive smo othness in 

the entire screen and hence the video image becomes  blurred.  

In order to solve this problem, nonpatent reference  2 proposes, 20 

as a loop filter 106, an adaptive offset process (p ixel adaptive 

offset process) of partitioning a screen into a plu rality of 

blocks, carrying out a class classification on each  pixel within 

each of the blocks into which the screen is partiti oned, and 

adding an offset value which minimizes a squared er ror 25 

distortion between an image signal which is an orig inal image 

signal and which is a target to be encoded and a re ference image 

signal corresponding to the image signal for each c lass. 

RELATED ART DOCUMENT 

Nonpatent reference 30 
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on each coding block having a largest size, carries  out a class 

classification on each pixel within a block in ques tion by using 

the above-mentioned classification method, calculat es an 

offset value for each class, and carries out a pixe l adaptive 

offset process of adding the offset value to the pi xel value 5 

of a pixel belonging to a corresponding class, and a variable 

length encoder variable-length-encodes an index ind icating the 

classification method of carrying out a class class ification 

on each coding block having the largest size, the c lassification 

method being determined by the filter, and also 10 

variable-length-encodes a parameter about the offse t value for 

each class determined for each coding block having the largest 

size on the basis of a binarization process using a  truncated 

unary code. 

ADVANTAGES OF THE INVENTION 15 

[0014] 

Because the video encoding device according to the 

present invention is constructed in such a way that  the filter 

determines a classification method of carrying out a class 

classification on each coding block having the larg est size, 20 

carries out a class classification on each pixel wi thin a block 

in question by using the above-mentioned classifica tion method, 

calculates the offset value for each class, and car ries out the 

pixel adaptive offset process of adding the offset value to the 

pixel value of a pixel belonging to the correspondi ng class, 25 

and the variable length encoder variable-length-enc odes the 

index indicating the classification method of carry ing out a 

class classification on each coding block having th e largest 

size, the classification method being determined by  the filter, 

and also variable-length-encodes the parameter abou t the offset 30 
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value for each class determined for each coding blo ck having 

the largest size on the basis of the binarization p rocess using 

a truncated unary code, there is provided an advant age of being 

able to reduce the code amount required to encode t he offset 

and improve the coding efficiency. 5 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] 

[Fig. 1] Fig. 1 is a block diagram showing a video encoding device 

in accordance with Embodiment 1 of the present inve ntion; 

[Fig. 2] Fig. 2 is a flow chart showing a process ( video encoding 10 

method) carried out by the video encoding device in  accordance 

with Embodiment 1 of the present invention; 

[Fig. 3] Fig. 3 is a block diagram showing a video decoding device 

in accordance with Embodiment 1 of the present inve ntion; 

[Fig. 4] Fig. 4 is a flow chart showing a process ( video decoding 15 

method) carried out by the video decoding device in  accordance 

with Embodiment 1 of the present invention; 

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

in which each largest coding block is partitioned 

hierarchically into a plurality of coding blocks; 20 

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

distribution of coding blocks and prediction blocks  after the 

partitioning, and Fig. 6(b) is an explanatory drawi ng showing 

a state in which a coding mode m(B n) is assigned to each of the 

blocks through the hierarchical partitioning; 25 

[Fig. 7] Fig. 7 is an explanatory drawing showing a n example 

of an intra prediction parameter (intra prediction mode) which 

can be selected for each prediction block P i
n in a coding block 

Bn; 

[Fig. 8] Fig. 8 is an explanatory drawing showing a n example 30 
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of pixels which are used when generating a predicte d value of 

each pixel in a prediction block P i
n in the case of l i

n=mi
n=4; 

[Fig. 9] Fig. 9 is an explanatory drawing showing r elative 

coordinates of each pixel in the prediction block P i
n which are 

determined with the pixel at the upper left corner of the 5 

prediction block P i
n being defined as the point of origin; 

[Fig. 10] Fig. 10 is an explanatory drawing showing  an example 

of a quantization matrix; 

[Fig. 11] Fig. 11 is an explanatory drawing showing  an example 

of the structure of a loop filter unit of the video  encoding 10 

device in accordance with Embodiment 1 of the prese nt invention 

in the case of using a plurality of loop filtering processes; 

[Fig. 12] Fig. 12 is an explanatory drawing showing  an example 

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

device in accordance with Embodiment 1 of the prese nt invention 15 

in the case of using a plurality of loop filtering processes; 

[Fig. 13] Fig. 13 is an explanatory drawing showing  a BO method 

which is one class classifying method in the case o f carrying 

out a pixel adaptive offset process; 

[Fig. 14] Fig. 14 is an explanatory drawing showing  an EO method 20 

which is one class classifying method in the case o f carrying 

out the pixel adaptive offset process; 

[Fig. 15] Fig. 15 is an explanatory drawing showing  an example 

of a coded bitstream; 

[Fig. 16] Fig. 16 is an explanatory drawing showing  indexes 25 

indicating class classifying methods for use in the  pixel 

adaptive offset process; 

[Fig. 17] Fig. 17 is an explanatory drawing showing  an example 

of a table showing combinations of offsets respecti vely 

determined for classes of the pixel adaptive offset  process; 30 
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[Fig. 18] Fig. 18 is an explanatory drawing showing  an example 

of the coded bitstream in which two or more sequenc e level 

headers are encoded; 

[Fig. 19] Fig. 19 is an explanatory drawing showing  an example 

of changing the table showing combinations of offse t values 5 

respectively determined for classes of the pixel ad aptive 

offset process according to the bit depth; 

[Fig. 20] Fig. 20 is an explanatory drawing showing  an example 

of changing the number of combinations of offsets i n a single 

table showing combinations of offset values respect ively 10 

determined for classes of the pixel adaptive offset  process 

according to the bit depth; 

[Fig. 21] Fig. 21 is a block diagram showing a vide o encoding 

device disclosed in nonpatent reference 1; 

[Fig. 22] Fig. 22 is an explanatory drawing showing  an example 15 

of a picture structure including an IDR picture. 

[Fig. 23] Fig. 23 is an explanatory drawing showing  an example 

of a picture structure including a CRA picture; 

[Fig. 24] Fig. 24 is an explanatory drawing of a co ded bitstream 

showing a process of disabling adaptation parameter  sets in a 20 

decoding process starting from an IDR picture or a CRA picture; 

[Fig. 25] Fig. 25 is an explanatory drawing showing  a truncated 

unary code in a case in which the range of symbols to be encoded 

extends from 0 to 5; 

[Fig. 26] Fig. 26 is an explanatory drawing showing  a unary code; 25 

[Fig. 27] Fig. 27 is an explanatory drawing showing  an example 

of the syntax of an adaptation parameter set; and 

[Fig. 28] Fig. 28 is an explanatory drawing a case in which the 

order of data in the coded bitstream of Fig. 24 inp utted to a 

decoding side is changed. 30 
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EMBODIMENTS OF THE INVENTION 

[0016] 

Hereafter, in order to explain this invention in gr eater 

detail, the preferred embodiments of the present in vention will 

be described with reference to the accompanying dra wings. 5 

Embodiment 1. 

Fig. 1 is a block diagram showing a video encoding device 

in accordance with Embodiment 1 of the present inve ntion.  

Referring to Fig. 1, a slice partitioning unit 14 c arries out 

a process of, when receiving a video signal as an i nputted image, 10 

partitioning the inputted image into one or more pa rt images, 

which are referred to as "slices", according to sli ce 

partitioning information determined by an encoding controlling 

unit 2.  Each slice partitioned can be further part itioned into 

coding blocks which will be mentioned below.  The s lice 15 

partitioning unit 14 constructs a slice partitioner . 

[0017] 

A block partitioning unit 1 carries out a process o f, every 

time when receiving a slice partitioned by the slic e 

partitioning unit 14, partitioning the slice into l argest 20 

coding blocks each of which is a coding block havin g a largest 

size determined by the encoding controlling unit 2,  and further 

partitioning each of the largest coding blocks into  coding 

blocks hierarchically until the number of hierarchi es reaches 

an upper limit on the number of hierarchies, the up per limit 25 

being determined by the encoding controlling unit 2 .  More 

specifically, the block partitioning unit 1 carries  out a 

process of partitioning each slice into coding bloc ks according 

to partitioning which is determined by the encoding  controlling 

unit 2, and outputting each of the coding blocks.  Each of the 30 
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coding blocks is further partitioned into one or mo re prediction 

blocks each of which is a unit for prediction proce ss.  The block 

partitioning unit 1 constructs a block partitioner.  

[0018] 

The encoding controlling unit 2 carries out a proce ss of 5 

determining the largest size of each of the coding blocks which 

is a unit to be processed at the time when a predic tion process 

is carried out, and also determining the upper limi t on the 

number of hierarchies at the time that each of the coding blocks 

having the largest size is hierarchically partition ed into 10 

blocks to determine the size of each of the coding blocks.  The 

encoding controlling unit 2 also carries out a proc ess of 

selecting a coding mode which is applied to each co ding block 

outputted from the block partitioning unit 1 from o ne or more 

selectable coding modes (one or more intra coding m odes in which 15 

the sizes or the like of prediction blocks each rep resenting 

a unit for prediction process differ from one anoth er, and one 

or more inter coding modes in which the sizes or th e like of 

prediction blocks differ from one another).  As an example of 

the selecting method, there is a method of selectin g a coding 20 

mode having the highest coding efficiency for the c oding block 

outputted from the block partitioning unit 1 from t he one or 

more selectable coding modes. 

[0019] 

The encoding controlling unit 2 further carries out  a 25 

process of, when the coding mode having the highest  coding 

efficiency is an intra coding mode, determining an intra 

prediction parameter which is used when carrying ou t an intra 

prediction process on the coding block in the intra  coding mode 

for each prediction block which is a unit for predi ction process, 30 
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which is shown by the above-mentioned intra coding mode, and, 

when the coding mode having the highest coding effi ciency is 

an inter coding mode, determining an inter predicti on parameter 

which is used when carrying out an inter prediction  process on 

the coding block in the inter coding mode for each prediction 5 

block which is a unit for prediction process, which  is shown 

by the above-mentioned inter coding mode.  The enco ding 

controlling unit 2 further carries out a process of  determining 

prediction difference coding parameters which the e ncoding 

controlling unit provides for a transformation/quan tization 10 

unit 7 and an inverse quantization/inverse transfor mation unit 

8.  The prediction difference coding parameters inc lude 

orthogonal transformation block partitioning inform ation 

showing information about partitioning into orthogo nal 

transformation blocks each of which is a unit for o rthogonal 15 

transformation process in the coding block, and a q uantization 

parameter defining a quantization step size at the time of 

quantizing transform coefficients.  The encoding co ntrolling 

unit 2 constructs a coding parameter determinator. 

[0020] 20 

A select switch 3 carries out a process of, when th e coding 

mode determined by the encoding controlling unit 2 is an intra 

coding mode, outputting the coding block outputted from the 

block partitioning unit 1 to an intra prediction un it 4, and, 

when the coding mode determined by the encoding con trolling unit 25 

2 is an inter coding mode, outputting the coding bl ock outputted 

from the block partitioning unit 1 to a motion-comp ensated 

prediction unit 5. 

[0021] 

The intra prediction unit 4 carries out a process o f, when 30 
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an intra coding mode is selected by the encoding co ntrolling 

unit 2 as the coding mode corresponding to the codi ng block 

outputted from the select switch 3, performing an i ntra 

prediction process (intra-frame prediction process)  using the 

intra prediction parameter determined by the encodi ng 5 

controlling unit 2 on each prediction block, which is a unit 

for prediction process at the time of performing a prediction 

process on the coding block, while referring to a l ocal decoded 

image which is stored in a memory 10 for intra pred iction, so 

as to generate an intra prediction image. 10 

[0022] 

The motion-compensated prediction unit 5 carries ou t a 

process of, when an inter coding mode is selected b y the encoding 

controlling unit 2 as the coding mode corresponding  to the 

coding block outputted from the select switch 3, co mparing the 15 

coding block with one or more frames of local decod ed images 

stored in a motion-compensated prediction frame mem ory 12 for 

each prediction block which is a unit for predictio n process 

so as to search for a motion vector, and carrying o ut an inter 

prediction process (motion-compensated prediction p rocess) on 20 

each prediction block in the coding block by using both the 

motion vector and the inter prediction parameter, s uch as the 

number of a frame to be referred to, which is deter mined by the 

encoding controlling unit 2 so as to generate an in ter 

prediction image.  A predictor is comprised of the intra 25 

prediction unit 4, the memory 10 for intra predicti on, the 

motion-compensated prediction unit 5, and the 

motion-compensated prediction frame memory 12. 

[0023] 

A subtracting unit 6 carries out a process of subtr acting 30 
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the intra prediction image generated by the intra p rediction 

unit 4 or the inter prediction image generated by t he 

motion-compensated prediction unit 5 from the codin g block 

outputted from the block partitioning unit 1, and o utputting 

a prediction difference signal showing a difference  image which 5 

is the result of the subtraction to the 

transformation/quantization unit 7.  The subtractin g unit 6 

constructs a difference image generator.  The 

transformation/quantization unit 7 carries out a pr ocess of 

carrying out an orthogonal transformation process ( e.g., a DCT 10 

(discrete cosine transform), a DST (discrete sine t ransform), 

or an orthogonal transformation process, such as a KL transform, 

in which bases are designed for a specific learning  sequence 

in advance) on each of the orthogonal transformatio n blocks in 

the prediction difference signal outputted from the  subtracting 15 

unit 6 by referring to the orthogonal transformatio n block 

partitioning information included in the prediction  difference 

coding parameters determined by the encoding contro lling unit 

2 so as to calculate transform coefficients, and al so quantizing 

the transform coefficients of each of the orthogona l 20 

transformation blocks by referring to the quantizat ion 

parameter included in the prediction difference cod ing 

parameters and then outputting compressed data whic h are the 

transform coefficients quantized thereby to the inv erse 

quantization/inverse transformation unit 8 and a va riable 25 

length encoding unit 13.  The transformation/quanti zation unit 

7 constructs an image compressor. 

[0024] 

When quantizing the transform coefficients, the 

transformation/quantization unit 7 can carry out th e process 30 
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of quantizing the transform coefficients by using a  

quantization matrix for scaling the quantization st ep size 

determined from the above-mentioned quantization pa rameter for 

each of the transform coefficients.  Fig. 10 is an explanatory 

drawing showing an example of the quantization matr ix of an 8×8 5 

DCT.  Numerals shown in the figure represent scalin g values for 

the quantization step sizes of the transform coeffi cients.  

Because a coefficient whose scaling value is 0 has a 

quantization step size of 0, the coefficient is equ ivalent to 

"no quantization."  For example, by performing the scaling in 10 

such a way that a transform coefficient in a higher  frequency 

band have a larger quantization step size in order to suppress 

the coding bit rate, as shown in Fig. 10, transform  coefficients 

in high frequency bands which occur in a complicate d image area 

or the like are reduced, thereby suppressing the co de amount, 15 

while the encoding can be carried out without reduc ing 

information about coefficients in a low frequency b and which 

exert a great influence upon the subjective quality .  When it 

is desirable to control the quantization step size for each 

transform coefficient, what is necessary is just to  use a 20 

quantization matrix. 

[0025] 

Further, as the quantization matrix, a matrix which  is 

independent for each chrominance signal and for eac h coding mode 

(intra coding or inter coding) at each orthogonal 25 

transformation size can be used, and whether or not  to select, 

as an initial value of the quantization matrix, one  quantization 

matrix from quantization matrices which are prepare d in advance 

and in common between the video encoding device and  the video 

decoding device and already-encoded quantization ma trices, or 30 
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whether or not to use, as an initial value of the q uantization 

matrix, a new quantization matrix can be selected.  Therefore, 

the transformation/quantization unit 7 sets, as a q uantization 

matrix parameter to be encoded, flag information sh owing 

whether or not to use the new quantization matrix f or each 5 

orthogonal transformation size for each chrominance  signal or 

for each coding mode.  In addition, when the new qu antization 

matrix is used, each of the scaling values in the q uantization 

matrix as shown in Fig. 10 is set as a quantization  matrix 

parameter to be encoded.  In contrast, when the new  quantization 10 

matrix is not used, an index specifying a matrix to  be used from 

the quantization matrix prepared, as an initial val ue, in 

advance and in common between the video encoding de vice and the 

video decoding device and the already-encoded quant ization 

matrices is set as a quantization matrix parameter to be encoded.  15 

However, when no already-encoded quantization matri x which can 

be referred to exists, only the quantization matrix  prepared 

in advance and in common between the video encoding  device and 

the video decoding device can be selected.  The 

transformation/quantization unit 7 then outputs the  set 20 

quantization matrix parameters to the variable leng th encoding 

unit 13 as a part of an adaptation parameter set. 

[0026] 

The inverse quantization/inverse transformation uni t 8 

carries out a process of inverse-quantizing the com pressed data 25 

outputted from the transformation/quantization unit  7 and also 

carrying out an inverse orthogonal transformation p rocess on 

the transform coefficients which are the compressed  data 

inverse-quantized thereby for each of the orthogona l 

transformation blocks by referring to the quantizat ion 30 
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parameter and the orthogonal transformation block p artitioning 

information which are included in the prediction di fference 

coding parameters determined 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 5 

outputted from the subtracting unit 6.  Also when c arrying out 

the quantizing process by using the quantization ma trix, the 

transformation/quantization unit 7 carries out a co rresponding 

inverse quantization process by referring to the qu antization 

matrix also at the time of carrying out an inverse quantization 10 

process.  An adding unit 9 carries out a process of  adding the 

local decoded prediction difference signal calculat ed by the 

inverse quantization/inverse transformation unit 8 and the 

intra prediction image generated by the intra predi ction unit 

4 or the inter prediction image generated by the 15 

motion-compensated prediction unit 5 so as to calcu late a local 

decoded image corresponding to the coding block out putted from 

the block partitioning unit 1.  A local decoded ima ge generator 

is comprised of the inverse quantization/inverse 

transformation unit 8 and the adding unit 9. 20 

[0027] 

The memory 10 for intra prediction is a recording m 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 25 

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 30 
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transformation blocks and a distortion occurring at  a boundary 

between prediction blocks, a process (pixel adaptiv e offset 

process) of adaptively adding an offset on a per pi xel basis, 

an adaptive filtering process of adaptively switchi ng among 

linear filters, such as Wiener filters, so as to pe rform the 5 

filtering process, and so on. 

[0028] 

The loop filter unit 11 determines whether or not t o carry 

out the process for each of the above-mentioned fil tering 

processes including the deblocking filtering proces s, the pixel 10 

adaptive offset process, and the adaptive filtering  process, 

and outputs an enable flag of each of the processes , as a part 

of the adaptation parameter set to be encoded and a  part of a 

slice level header, to the variable length encoding  unit 13.  

When using two or more of the above-mentioned filte ring 15 

processes, the loop filter unit carries out the two  or more 

filtering processes in order.  Fig. 11 shows an exa mple of the 

structure of the loop filter unit 11 in the case of  using a 

plurality of filtering processes.  In general, whil e the image 

quality is improved with increase in the number of types of 20 

filtering processes used, the processing load is in creased with 

increase in the number of types of filtering proces ses used.  

More specifically, there is a trade-off between the  image 

quality and the processing load.  Further, an impro vement 

effect of the image quality which is produced by ea ch of the 25 

filtering processes differs depending upon the char acteristics 

of the image which is the target for the filtering process.  

Therefore, what is necessary is just to determine t he filtering 

processes to be used according to the processing lo ad acceptable 

in the video encoding device and the characteristic s of the 30 
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image which is the target for the filtering process .  The loop 

filter unit 11 constructs a filter. 

[0029] 

In the deblocking filtering process, various parame ters 

used for the selection of the intensity of a filter  to be applied 5 

to a block boundary can be changed from their initi al values.  

When changing a parameter, the parameter is outputt ed to the 

variable length encoding unit 13 as a part of the a daptation 

parameter set to be encoded.  In the pixel adaptive  offset 

process, the image is partitioned into a plurality of blocks 10 

first, a case of not carrying out the offset proces s is defined 

as one class classifying method for each of the cod ing blocks, 

and one class classifying method is selected from a mong a 

plurality of class classifying methods which are pr epared in 

advance.  Next, by using the selected class classif ying method, 15 

each pixel included in the block is classified into  one of 

classes, and an offset value for compensating for a  coding 

distortion is calculated for each of the classes.  Finally, a 

process of adding the offset value to the brightnes s value of 

the local decoded image is carried out, thereby imp roving the 20 

image quality of the local decoded image.  Therefor e, in the 

pixel adaptive offset process, the block partitioni ng 

information, an index indicating the class classify ing method 

selected for each block, and offset information spe cifying the 

offset value calculated for each class determined o n a per block 25 

basis are outputted to the variable length encoding  unit 13 as 

a part of the adaptation parameter set to be encode d.  In the 

pixel adaptive offset process, for example, the ima ge can be 

always partitioned into blocks each having a fixed size, such 

as largest coding blocks, and a class classifying m ethod can 30 
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be selected for each of the blocks and the adaptive  offset 

process for each class can be carried out.  In this  case, the 

above-mentioned block partitioning information beco mes 

unnecessary, and the code amount can be reduced by the code 

amount required for the block partitioning informat ion. 5 

[0030] 

In the adaptive filtering process, a class classifi cation 

is carried out on the local decoded image by using a 

predetermined method, a filter for compensating for  a 

distortion piggybacked on the image is designed for  each area 10 

(local decoded image) belonging to each class, and the filtering 

process of filtering the local decoded image is car ried out by 

using the filter.  The filter designed for each cla ss is then 

outputted to the variable length encoding unit 13 a s a part of 

the adaptation parameter set to be encoded.  As the  class 15 

classifying method, there are a simple method of pa rtitioning 

the image into equal parts spatially and a method o f performing 

a classification on a per block basis according to the local 

characteristics (a variance and so on) of the image .  Further, 

the number of classes used in the adaptive filterin g process 20 

can be preset as a value common between the video e ncoding device 

and the video decoding device, or can be preset as a part of 

the adaptation parameter set to be encoded.  The im provement 

effect of the image quality in the latter case is e nhanced 

because the number of classes used in the latter ca se can be 25 

set freely as compared with that in the former case , while the 

code amount is increased by that required for the n umber of 

classes because the number of classes is encoded. 

[0031] 

In addition, the class classification for the adapt ive 30 
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filtering process, and the filter design and the fi ltering 

process can be carried out on, instead of the entir e image, each 

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

More specifically, the class classification can be carried out 

on each set of plural small blocks, into which each  block having 5 

a fixed size is partitioned, according to the local  

characteristics (a variance and so on) of the image  and filter 

design and the filtering process can be carried out  for each 

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

the adaptation parameter set, for each block having  a fixed size.  10 

By doing this way, a high-accuracy filtering proces s according 

to the local characteristics can be implemented as compared with 

the case of carrying out the class classification, the filter 

design, and the filtering process on the entire ima ge.  Because 

it is necessary for the loop filter unit 11 to refe r to the video 15 

signal when carrying out the pixel adaptive offset process and 

the adaptive filtering process, it is 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] 20 

The motion-compensated prediction frame memory 12 i s a 

recording medium that stores the local decoded imag e on which 

the filtering process is carried out by the loop fi lter unit 

11.  The variable length encoding unit 13 

variable-length-encodes the compressed data outputt ed thereto 25 

from the transformation/quantization unit 7, the ou tput signal 

of the encoding controlling unit 2 (the block parti tioning 

information about the partitioning of each largest coding block, 

the coding mode, the prediction difference coding p arameters, 

and the intra prediction parameter or the inter pre diction 30 
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parameter), and the motion vector outputted from th e 

motion-compensated prediction unit 5 (when the codi ng mode is 

an inter coding mode) so as to generate coded data.   The variable 

length encoding unit 13 also encodes sequence level  headers, 

picture level headers, and adaptation parameter set s, as the 5 

header information of the coded bitstream, as illus trated in 

Fig. 15, so as to generate the coded bitstream as w ell as picture 

data.  The variable length encoding unit 13 constru cts a 

variable length encoding unit. 

[0033] 10 

Picture data consists of one or more slice data, an d each 

slice data is a combination of a slice level header  and coded 

data as mentioned above in the corresponding slice.   A sequence 

level header is a combination of pieces of header i nformation 

which are typically common on a per sequence basis,  the pieces 15 

of header information including the image size, the  chrominance 

signal format, the bit depths of the signal values of the 

luminance signal and the color difference signals, and the 

enable flag information about each of the filtering  processes 

(the adaptive filtering process, the pixel adaptive  offset 20 

process, and the deblocking filtering process) whic h are 

carried out on a per sequence basis by the loop fil ter unit 11.  

A picture level header is a combination of pieces o f header 

information which are set on a per picture basis, t he pieces 

of header information including an index indicating  a sequence 25 

level header to be referred to, the number of refer ence pictures 

at the time of motion compensation, and a probabili ty table 

initialization flag for entropy encoding. 

[0034] 

A slice level header is a combination of parameters  which 30 
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are set on a per slice basis, the parameters includ ing position 

information showing at which position of the pictur e the 

corresponding slice exists, an index indicating whi ch picture 

level header is to be referred to, the coding type of the slice 

(all intra coding, inter coding, or the like), an i ndex 5 

indicating the adaptation parameter set which is us ed by the 

corresponding slice, and the flag information showi ng whether 

or not to carry out each of the filtering processes  (the adaptive 

filtering process, the pixel adaptive offset proces s, and the 

deblocking filtering process) in the loop filter un it 11 using 10 

the adaptation parameter set indicated by the above -mentioned 

index.  The adaptation parameter set has flags show ing whether 

or not parameters (filter parameters) associated wi th the 

adaptive filtering process, the pixel adaptive offs et process, 

and the deblocking filtering process and a paramete r 15 

(quantization matrix parameter) associated with the  

quantization matrix exist respectively, and has par ameters 

corresponding to only the parameters whose flags me ntioned 

above are "enable."  The adaptation parameter set a lso has 

indexes (aps_id) for identifying a plurality of ada ptation 20 

parameter sets, which are multiplexed into the code d bitstream, 

respectively. 

[0035] 

In this case, when encoding a new sequence level he ader 

(sequence level header 2) at the time of a sequence  change, as 25 

shown in Fig. 18, the variable length encoding unit  13 disables 

all the adaptation parameter sets which have been e ncoded before 

this sequence level header is encoded.  Therefore, in the 

example shown in Fig. 18, a reference to any adapta tion 

parameter set over a sequence level header, such as  a reference 30 
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to an adaptation parameter set 2 for encoding of pi cture data 

30, is prohibited.  More specifically, when a param eter in an 

adaptation parameter set is used for a picture to b e processed 

after a new sequence level header (sequence level h eader 2) is 

encoded, it is necessary to encode the parameter as  a new 5 

adaptation parameter set.  Therefore, an adaptation  parameter 

set which is encoded newly when a past adaptation p arameter set 

cannot be used at all because the disabling process  of disabling 

the above-mentioned adaptation parameter set or the  like is 

carried out is the one in which a parameter, such a s a 10 

quantization matrix, does not refer to the past ada ptation 

parameter set, and all the parameters can be decode d by using 

only the adaptation parameter set in question.  By initializing 

an adaptation parameter set by using a sequence lev el header 

at the time of a sequence change this way, when an error occurs 15 

in the coded bitstream before a new sequence level header is 

decoded, the video decoding device can avoid a deco ding error 

caused by a reference to an adaptation parameter se t in the 

stream and therefore can improve the error resistan ce.  As an 

alternative, a sequence level header can be constru cted in such 20 

a way as to have an initialization flag aps_reset_f lag for an 

adaptation parameter set, thereby improving the err or 

resistance.  Concretely, only when the initializati on flag 

aps_reset_flag is set to "enable", the adaptation p arameter set 

is initialized, whereas when the initialization fla g 25 

aps_reset_flag is set to "disable", the adaptation parameter 

set is not initialized.  By providing an initializa tion flag 

for an adaptation parameter set as one of the param eters of a 

sequence level header this way, an adaptive initial izing 

process can be carried out, and by carrying out the  30 
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initialization only when it is necessary to improve  the error 

resistance, reduction in the coding efficiency due to the 

initialization of an adaptation parameter set can b e prevented. 

[0036] 

In addition, as special pictures that guarantee the  video 5 

decoding device to carry out a random access proces s of being 

able to correctly perform an image playback of a pr edetermined 

picture and subsequent pictures even if the video d ecoding 

device starts decoding from some midpoint in the co ded bitstream, 

not from the head of the coded bitstream, there are  IDR 10 

(instantaneous decoding refresh) pictures and CRA ( clean random 

access) pictures.  Fig. 22 shows an example of the picture 

structure including an IDR picture.  In the example  shown in 

Fig. 22, initial values showing the display order a nd the coding 

(decoding) order are set to 0.  An IDR picture is a n intra coded 15 

picture, and is the one which makes it possible to,  even when 

the decoding is started from the IDR picture, alway s and 

correctly decode the IDR picture and pictures to be  decoded 

after the IDR picture by imposing a limitation of r eference 

pictures at the time of motion compensation shown i n Fig. 22 20 

on pictures (pictures gray-colored in Fig. 22) to b e encoded 

after the IDR picture.  Next, Fig. 23 shows an exam ple of the 

picture structure including a CRA picture.  In the example shown 

in Fig. 23, initial values showing the display orde r and the 

coding (decoding) order are set to 0.  A CRA pictur e is an intra 25 

coded picture, and is the one which makes it possib le to, even 

when the decoding is started from the CRA picture, always and 

correctly decode the CRA picture and pictures to be  displayed 

after the CRA picture by imposing a limitation of r eference 

pictures at the time of motion compensation shown i n Fig. 23 30 
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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 

picture to be encoded before the CRA picture and to  be displayed 

in order after the CRA picture. 5 

[0037] 

In this case, there is a possibility that, when ran dom 

access according to an IDR picture or a CRA picture  is carried 

out, a picture, which is assumed, as mentioned abov e, to be able 

to be correctly decoded according to the IDR pictur e or the CRA 10 

picture, cannot be correctly decoded (because there  is a 

possibility that a picture which is assumed to be a ble to be 

correctly decoded refers to an adaptation parameter  set which 

is encoded before the IDR picture or the CRA pictur e) when all 

the adaptation parameter sets encoded before the 15 

above-mentioned picture are not provided.  Therefor e, as the 

length of the part of the coded bitstream preceding  the coded 

data about an IDR picture or a CRA picture increase s, a larger 

number of adaptation parameter sets have to be deco ded, and a 

reduction of the error resistance occurs, for examp le, an 20 

adaptation parameter set cannot be decoded due to a n error 

occurring in the part of the coded bitstream preced ing the coded 

data about the IDR picture or the CRA picture and h ence a picture 

cannot be decoded correctly.  To solve this problem , as a part 

of the parameters of each adaptation parameter set,  a flag 25 

previous_aps_clear_flag for disabling already-encod ed 

adaptation parameter sets is provided.  When a 

previous_aps_clear_flag is set to "enable", the var iable length 

encoding unit 13 disables the adaptation parameter sets encoded 

before the adaptation parameter set, whereas when a  30 
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previous_aps_clear_flag is set to "disable", the va riable 

length encoding unit 13 does not carry out the abov e-mentioned 

disabling process. 

[0038] 

Fig. 24 shows an example of the coded bitstream sho wing 5 

the disabling process of disabling some adaptation parameter 

sets.  It is assumed that for picture data 31 shown  in Fig. 24, 

an encoding (decoding) process is carried out by re ferring to 

a sequence level header 2, a picture level header 3 , and an 

adaptation parameter set 21.  In general, a unit fo r picture 10 

access which is a combination of picture data and t he header 

information associated with the picture data, which  is formed 

in the above-mentioned way, is referred to as an ac cess unit.  

The adaptation parameter sets 1 to 20, which are in cluded in 

the adaptation parameter sets shown in Fig. 24, are  disabled 15 

by setting the flag previous_aps_clear_flag of only  the 

adaptation parameter set 21 to "enable", a referenc e to any of 

the adaptation parameter sets 1 to 20 cannot be mad e for pictures 

to be encoded in order after the IDR picture or the  CRA picture.  

Therefore, when carrying out random access accordin g to the IDR 20 

picture or the CRA picture, what is necessary is ju st to carry 

out decoding from the sequence level header 2 shown  in Fig. 24.  

On the other hand, when a high-speed decoding proce ss at the 

time of random access and a high degree of error re sistance are 

not required, what is necessary is just to always s et the flag 25 

previous_aps_clear_flag to "disable" so as not to d isable the 

adaptation parameter sets.  Therefore, an adaptive process of 

disabling adaptation parameter sets by using a flag  

previous_aps_clear_flag can be implemented. 

[0039] 30 
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In the above-mentioned example, an adaptive process  of 

disabling adaptation parameter sets for random acce ss is 

implemented by using the flag previous_aps_clear_fl ag in an 

adaptation parameter set.  As an alternative, an ad aptive 

process of disabling adaptation parameter sets for random 5 

access can be implemented by providing a flag 

part_aps_clear_flag for disabling some adaptation p arameter 

sets when encoding (decoding) an IDR picture or a C RA picture 

in a sequence level header or a unit referred to as  a NAL unit.  

A NAL unit is the one in which slice data, a sequen ce level header, 10 

picture level headers, adaptive parameter headers, or the like 

as shown in Fig. 15 is stored, and has identificati on 

information for identifying whether data stored the rein is 

slice data or header information.  In a case in whi ch data stored 

in a NAL unit is slice data, it can also be identif ied from this 15 

identification information that the picture is an I DR one or 

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 ure, the 20 

variable length encoding unit 13 implements an adap tive 

disabling process of disabling adaptation parameter  sets for 

random access, which is the same as that in the cas e of using 

a flag previous_aps_clear_flag, by disabling the ad aptation 

parameter sets preceding the picture data about the  picture 25 

immediately preceding the IDR picture or the CRA pi cture.  More 

specifically, in the example shown in Fig. 24, by s etting the 

flag part_aps_clear_flag in the sequence level head er 2 or the 

NAL unit of the picture data 31 to "enable", the ad aptation 

parameter sets preceding the picture data 30 which is the one 30 
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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 ts 1 to 20 

cannot be made.  More specifically, the adaptation parameter 5 

sets preceding the access unit including the pictur e data about 

the IDR picture or the CRA picture are disabled, an d no reference 

can be made.  Therefore, when carrying out random a ccess 

according to the IDR picture or the CRA picture, wh at is 

necessary is just to carry out decoding from the se quence level 10 

header 2 shown in Fig. 24. 

[0041] 

In the above-mentioned explanation, the disabling 

process of disabling adaptation parameter sets is c arried out 

when a flag part_aps_clear_flag is set to "enable."   As an 15 

alternative, instead of disposing a flag as mention ed above, 

the disabling process of disabling adaptation param eter sets 

can be always carried out when encoding an IDR pict ure or a CRA 

picture.  By doing this way, the code amount is red uced by the 

code amount required to encode a flag as mentioned above.  20 

Further, the process of referring to a flag as ment ioned above 

when performing the encoding process becomes unnece ssary, and 

the video encoding device is simplified. 

[0042] 

In addition, as another method of implementing the 25 

disabling process of disabling adaptation parameter  sets 

according to an IDR picture or a CRA picture, there  can be 

provided a method of constructing a video encoding device that 

provides a parameter aps_group_id in each adaptatio n parameter 

set.  In the above-mentioned video encoding device,  as shown 30 
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in Fig. 27, the above-mentioned parameter is dispos ed in each 

adaptation parameter set, and, when encoding an IDR  picture or 

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 5 

parameter set has, the other adaptation parameter s et being 

referred to by the IDR picture or the CRA picture.  For example, 

in the case shown in Fig. 24, by setting the parame ters 

aps_group_id of the adaptation parameter sets 1 to 20 to zero, 

and also setting the parameters aps_group_id of the  adaptation 10 

parameter set 21 and subsequent adaptation paramete r sets to 

one, the variable length encoding unit disables the  adaptation 

parameter sets 1 to 20 whose parameters aps_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 15 

referred to by the picture data 31 about the IDR pi cture or the 

CRA picture.  Therefore, the adaptation parameter s ets 1 to 20 

are not referred to by the picture data 31 and subs equent picture 

data. 

[0043] 20 

By thus carrying out the encoding in such a way as to change 

the value of the parameter aps_group_id of an adapt ation 

parameter set according to an IDR picture or a CRA picture, the 

reference to adaptation parameter sets is limited, and the video 

decoding device is enabled to correctly decode a pr edetermined 25 

picture and subsequent pictures when starting the d ecoding from 

an access unit including the picture data about the  IDR picture 

or the CRA picture.  aps_group_id can be alternativ ely a flag 

having only a value of 0 or 1.  In this case, a sim ilar disabling 

process of disabling adaptation parameter sets can be 30 
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implemented by switching the value of the above-men tioned flag 

which an adaptation parameter set has according to an IDR 

picture or a CRA picture from 0 to 1 or from 1 to 0 . 

[0044] 

By using a method of introducing aps_group_id as 5 

mentioned above, the decoding can be carried out co rrectly even 

when the order of data in the coded bitstream which  is received 

by the video decoding device has changed from the o rder of the 

data encoded by the video encoding device from the reason for 

transmitting the coded bitstream while distributing  the coded 10 

bitstream among a plurality of lines, or the like.  Concretely, 

even in a case in which the coded bitstream in whic h the data 

are encoded in the order of Fig. 24 has been change d to the one 

in which the adaptation parameter sets 21 and 22 ar e to be decoded 

before the picture data 30 when reaching the video decoding 15 

device, as shown in Fig. 28, the adaptation paramet er sets 1 

to 20 whose parameters aps_group_id (=0) differ fro m that of 

the adaptation parameter set 21 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 20 

accordance with the method of introducing aps_group _id as 

mentioned above, when a higher priority is given to  the coding 

efficiency than to the error resistance, the reduct ion in the 

coding efficiency due to restrictions imposed on ad aptation 

parameter sets which can be referred to can be prev ented because 25 

adaptation parameter sets do not need to be disable d by carrying 

out the encoding in such a way that the values of t he parameters 

aps_group_id of the adaptation parameter sets are n ot changed 

according to an IDR picture or a CRA picture.  Furt her, the video 

encoding device that has a parameter aps_group_id i n each 30 
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adaptation parameter set can be constructed in such  a way as 

to disable an adaptation parameter set whose parame ter 

aps_group_id has a value different from that of a p arameter 

aps_group_id which is to be referred to also when a  picture other 

than IDR pictures and CRA pictures is decoded.  By doing this 5 

way, the video encoding device can carry out an ada ptive 

disabling process of disabling adaptation parameter  sets by 

arbitrarily setting the timing with which to change  the 

parameter aps_group_id of an adaptation parameter s et, and can 

implement an adaptive process having error resistan ce. 10 

[0045] 

In addition, the video encoding device can be const ructed 

in such a way that when encoding an IDR picture or a CRA picture, 

the variable length encoding unit 13 disables the a daptation 

parameter sets having indexes smaller than the inde x (aps_id) 15 

of an adaptation parameter which is to be referred to by the 

IDR picture or the CRA picture, as another method o f 

implementing the disabling process of disabling ada ptation 

parameter sets according to an IDR picture or a CRA  picture.  

More specifically, in a case in which indexes are a ssigned to 20 

adaptation parameter sets in the order in which the se adaptation 

parameter sets are encoded in the examples of Figs.  24 and 28, 

when the adaptation parameter set 21 is referred to  by the 

picture data 31 about an IDR picture or a CRA pictu re, the 

adaptation parameter sets 1 to 20 having indexes sm aller than 25 

the index of the adaptation parameter set 21 are di sabled.  

Therefore, the adaptation parameter sets 1 to 20 ar e not 

referred to by the picture data 31 and subsequent p icture data, 

and the video decoding device can always and correc tly decode 

a predetermined picture and subsequent pictures whe n starting 30 
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the decoding from the access unit including the pic ture data 

31 about the IDR picture or the CRA picture. 

[0046] 

In addition, the variable length encoding unit 13 c an be 

can be constructed in such a way as to, instead of encoding the 5 

quantization matrix parameter as an adaptation para meter set, 

encode the quantization matrix parameter in a pictu re level 

header as a parameter which can be changed on a per  picture basis.  

By doing this way, the variable length encoding uni t can encode 

the quantization matrix parameter and the filter pa rameters in 10 

independent units respectively.  In this case, the same 

processes as the adaptation parameter set initializ ing process 

using a sequence level header and the disabling pro cess of 

disabling adaptation parameter sets according to an  IDR or CRA 

picture, which are explained above, are carried out  also on the 15 

quantization matrix parameter. 

[0047] 

Further, the variable length encoding unit 13 can b e 

constructed in such a way as to, instead of encodin g the filter 

parameters which are used in the loop filter unit 1 1 as an 20 

adaptation parameter set, encode the filter paramet ers which 

are used on a per slice basis by directly using the  slice data 

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

because it becomes unnecessary to encode indexes ea ch 

indicating an adaptation parameter set which is to be referred 25 

to at the time of the decoding process on each slic e which is 

one slice level header for the filter parameters wh ich are used 

in the loop filter unit 11 when no redundant filter  parameters 

exist between slices, the code amount of the indexe s can be 

reduced and the coding efficiency can be improved. 30 



34 

 

[0048] 

In the example shown in Fig. 1, the block partition ing 

unit 1, the encoding controlling unit 2, the select  switch 3, 

the intra prediction unit 4, the motion-compensated  prediction 

unit 5, the subtracting unit 6, the transformation/ quantization 5 

unit 7, the inverse quantization/inverse transforma tion unit 

8, the adding unit 9, the memory 10 for intra predi ction, the 

loop filter unit 11, the motion-compensated predict ion frame 

memory 12, and the variable length encoding unit 13 , which are 

the components of the video encoding device, can co nsist of 10 

pieces of hardware for exclusive use (e.g., semicon ductor 

integrated circuits in each of which a CPU is mount ed, one chip 

microcomputers, or the like), respectively.  As an alternative, 

the video encoding device can consist of a computer , and a 

program in which the processes carried out by the b lock 15 

partitioning unit 1, the encoding controlling unit 2, the select 

switch 3, the intra prediction unit 4, the motion-c ompensated 

prediction unit 5, the subtracting unit 6, the 

transformation/quantization unit 7, the inverse 

quantization/inverse transformation unit 8, the add ing unit 9, 20 

the loop filter unit 11, and the variable length en coding unit 

13 are described can be stored in a memory of the c omputer and 

the CPU of the computer can be made to execute the program stored 

in the memory.  Fig. 2 is a flow chart showing the processing 

(video encoding method) carried out by the video en coding device 25 

in accordance with Embodiment 1 of the present inve ntion. 

[0049] 

Fig. 3 is a block diagram showing the video decodin g device 

in accordance with Embodiment 1 of the present inve ntion.  

Referring to Fig. 3, when receiving the bitstream g enerated by 30 
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the video encoding device shown in Fig. 1, a variab le length 

decoding unit 31 decodes each of the pieces of head er 

information, such as sequence level headers, pictur e level 

headers, adaptation parameter sets, and slice level  headers, 

from the bitstream, and also variable-length-decode s the block 5 

partitioning information showing the partitioning s tate of each 

of coding blocks partitioned hierarchically from th e bitstream.  

At this time, from the quantization matrix paramete r in each 

adaptation parameter set variable-length-decoded by  the 

variable length decoding unit 31, the video decodin g device 10 

specifies the quantization matrix of the adaptation  parameter 

set.  Concretely, for each of the chrominance signa ls and for 

each coding mode at each orthogonal transformation size, the 

video decoding device specifies the quantization ma trix for 

which the quantization matrix parameter is prepared , as an 15 

initial value, in advance and in common between the  video 

encoding device and the video decoding device.  As an 

alternative, when the quantization matrix parameter  shows that 

the quantization matrix is an already-decoded one ( the 

quantization matrix is not a new one), the video de coding device 20 

specifies the quantization matrix by referring to t he index 

information specifying which quantization matrix in  the 

above-mentioned matrices included in the above-ment ioned 

adaptation parameter set is the quantization matrix , and, when 

the quantization matrix parameter shows that a new quantization 25 

matrix is used, specifies, as a quantization matrix  to be used, 

the quantization matrix included in the quantizatio n matrix 

parameter.  The variable length decoding unit 31 al so carries 

out a process of referring to each header informati on to specify 

each largest decoding block included in slice data (a block 30 
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corresponding to each "largest coding block" in the  video 

encoding device of Fig. 1), referring to the block partitioning 

information to specify each decoding block which is  one of units 

into which each largest decoding block is hierarchi cally 

partitioned and on which the video decoding device carries out 5 

a decoding process (a block corresponding to each " coding block" 

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

variable-length-decoding the compressed data, the c oding mode, 

the intra prediction parameter (when the coding mod e is an intra 

coding mode), the inter prediction parameter (when the coding 10 

mode is an inter coding mode), the prediction diffe rence coding 

parameters, and the motion vector (when the coding mode is an 

inter coding mode), which are associated with each decoding 

block.  The variable length decoding unit 31 constr ucts a 

variable length decoder. 15 

[0050] 

An inverse quantization/inverse transformation unit  32 

carries out a process of inverse-quantizing the com pressed data 

variable-length-decoded by the variable length deco ding unit 

31 for each orthogonal transformation block by refe rring to the 20 

quantization parameter and the orthogonal transform ation block 

partitioning information which are included in the prediction 

difference coding parameters variable-length-decode d by the 

variable length decoding unit 31, and also performi ng an inverse 

orthogonal transformation process on the transform 25 

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  30 
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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 5 

31 shows that the inverse quantization process is c arried out 

on the slice currently being processed by using the  quantization 

matrix, the inverse quantization/inverse transforma tion unit 

carries out the inverse quantization process by usi ng the 

quantization matrix.  Concretely, the inverse 10 

quantization/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. 15 

[0052] 

A select switch 33 carries out a process of, when t he 

coding mode variable-length-decoded by the variable  length 

decoding unit 31 is an intra coding mode, outputtin g the intra 

prediction parameter variable-length-decoded by the  variable 20 

length decoding unit 31 to an intra prediction unit  34, and, 

when the coding mode variable-length-decoded by the  variable 

length decoding unit 31 is an inter coding mode, ou tputting the 

inter prediction parameter and the motion vector wh ich are 

variable-length-decoded by the variable length deco ding unit 25 

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 30 
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variable-length-decoded by the variable length deco ding unit 

31 is an intra coding mode, performing an intra pre diction 

process (intra-frame prediction process) using the intra 

prediction parameter outputted from the select swit ch 33 on each 

prediction block, which is a unit for prediction pr ocess at the 5 

time of carrying out the prediction process on the decoding 

block, while referring to a decoded image stored in  a memory 

37 for intra prediction so as to generate an intra prediction 

image. 

[0054] 10 

The motion compensation unit 35 carries out a proce ss of, 

when the coding mode associated with the decoding b lock 

specified from the block partitioning information 

variable-length-decoded by the variable length deco ding unit 

31 is an inter coding mode, performing an inter pre diction 15 

process (motion-compensated prediction process) usi ng the 

motion vector and the inter prediction parameter wh ich are 

outputted from the select switch 33 on each predict ion block, 

which is a unit for prediction process at the time of carrying 

out the prediction process on the above-mentioned d ecoding 20 

block, while referring to a decoded image stored in  a 

motion-compensated prediction frame memory 39 so as  to generate 

an inter prediction image.  A predictor is comprise d of the 

intra prediction unit 34, the memory 37 for intra p rediction, 

the motion compensation unit 35, and the motion-com pensated 25 

prediction frame memory 39. 

[0055] 

An adding unit 36 carries out a process of adding t he 

decoded prediction difference signal calculated by the inverse 

quantization/inverse transformation unit 32 and the  intra 30 
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prediction image generated by the intra prediction unit 34 or 

the inter prediction image generated by the motion compensation 

part 35 so as to calculate the same decoded image a s the local 

decoded image outputted from the adding unit 9 show n in Fig. 

1.  The adding unit 36 constructs a decoded image g enerator. 5 

[0056] 

The memory 37 for intra prediction is a recording m edium 

for storing the decoded image calculated by the add ing unit 36.  

A loop filter unit 38 carries out a process of perf orming a 

predetermined filtering process on the decoded imag e calculated 10 

by the adding unit 36 so as to output the decoded i mage on which 

the filtering process is carried out.  Concretely, the loop 

filter unit performs a filtering (deblocking filter ing) process 

of reducing a distortion occurring at a boundary be tween 

orthogonal transformation blocks and a distortion o ccurring at 15 

a boundary between prediction blocks, a process (pi xel adaptive 

offset process) of adaptively adding an offset on a  per pixel 

basis, an adaptive filtering process of adaptively switching 

among linear filters, such as Wiener filters, to pe rform the 

filtering process, and so on.  However, for each of  the 20 

above-mentioned filtering processes including the d eblocking 

filtering process, the pixel adaptive offset proces s, and the 

adaptive filtering process, the loop filter unit 38  specifies 

whether or not to carry out the process on the slic e currently 

being processed by referring to each header informa tion 25 

variable-length-decoded by the variable length deco ding unit 

31.  In the case in which the video encoding device  of Fig. 1 

encodes the filter parameters which are used on a p er slice basis 

by directly using slice data, instead of encoding t he filter 

parameters which are used by the loop filter unit 3 8 as a part 30 
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of an adaptation parameter set which is one piece o f header 

information, the variable length decoding unit 31 d ecodes the 

filter parameters which are used by the loop filter  unit 38 from 

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

filter unit 11 of the video encoding device is cons tructed as 5 

shown in Fig. 11, the loop filter unit 38 is constr ucted as shown 

in Fig. 12 in the case of carrying out two or more filtering 

processes.  The loop filter unit 38 constructs a fi lter. 

[0057] 

In the deblocking filtering process, when referring  to 10 

the adaptation parameter set which is to be referre d to by the 

slice currently being processed, and there exists c hange 

information for changing the various parameters use d for the 

selection of the intensity of a filter applied to a  block 

boundary from their initial values, the loop filter  unit carries 15 

out the deblocking filtering process on the basis o f the change 

information.  When no change information exists, th e loop 

filter unit carries out the deblocking filtering pr ocess 

according to a predetermined method. 

[0058] 20 

In the pixel adaptive offset process, the loop filt er unit 

refers to the adaptation parameter set which is to be referred 

to by the slice currently being processed, partitio ns the 

decoded image into blocks on the basis of the block  partitioning 

information included in the adaptation parameter se t, refers 25 

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 30 
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to the class classifying method indicated by the 

above-mentioned index on a per block basis.  As can didates for 

the class classifying method, class classifying met hods which 

are the same as candidates for the class classifyin g method of 

the pixel adaptive offset process carried out by th e loop filter 5 

unit 11 are prepared in advance.  The loop filter u nit then 

refers to the offset information specifying the off set value 

calculated for each class determined on a per block  basis 

(offset information included in the adaptation para meter set), 

and carries out a process of adding the offset to t he brightness 10 

value of the decoded image. 

[0059] 

However, in a case in which the pixel adaptive offs et 

process carried out by the loop filter unit 11 of t he video 

encoding device is constructed in such a way as to always 15 

partition the image into blocks each having a fixed  size (e.g., 

largest coding blocks) without encoding the block p artitioning 

information, select a class classifying method for each of the 

blocks, and carry out the adaptive offset process f or each class, 

the loop filter unit 38 also carries out the pixel adaptive 20 

offset process on each block having the same fixed size as that 

processed by the loop filter unit 11. 

[0060] 

In the adaptive filtering process, the loop filter unit 

refers to the adaptation parameter set which is to be referred 25 

to by the slice currently being processed, and, aft er carrying 

out a class classification according to the same me thod as that 

used by the video encoding device of Fig. 1, carrie s out the 

filtering process by using the filter for each clas s included 

in the adaptation parameter set on the basis of inf ormation 30 



42 

 

about the class classification.  However, in a case  in which 

in the adaptive filtering process carried out by th e loop filter 

unit 11 of the video encoding device, the above-men tioned class 

classification, and the filter design and the filte ring process 

are constructed in such a way as to be carried out on, instead 5 

of the entire image, each block having a fixed size , e.g., each 

largest coding block, the loop filter unit 38 also decodes the 

filter used for each class and carries out the abov e-mentioned 

class classification and the above-mentioned filter ing process 

on each block having a fixed size which is the same  as that 10 

processed by the loop filter unit 11. 

[0061] 

When a new sequence level header (sequence level he ader 

2) is inserted into some midpoint in the coded bits tream because 

of a sequence change, as shown in Fig. 18, the vari able length 15 

decoding unit 31 disables all the adaptation parame ter sets 

already decoded when decoding the new sequence leve l header.  

Therefore, in the example shown in Fig. 18, a refer ence to an 

adaptation parameter set over a sequence level head er, such as 

a reference to an adaptation parameter set 2 at the  time of 20 

decoding picture data 30, is not made.  In addition , an 

adaptation parameter set which is decoded when past  adaptation 

parameter sets cannot be used at all through the ab ove-mentioned 

disabling process of disabling adaptation parameter  sets or the 

like is the one in which parameters including a qua ntization 25 

matrix do not refer to a past adaptation parameter set and which 

makes it possible to decode all the parameters by u sing only 

the adaptation parameter set in question.  This res triction can 

prevent a decoding error from occurring as a result  of, when 

an error occurs in a part of the coded bitstream pr eceding the 30 
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new sequence level header, referring to an adaptati on parameter 

set in the part of the bitstream, thereby being abl e to improve 

the error resistance.  However, in the case in whic h the video 

encoding device is constructed in such a way as to have an 

initialization flag aps_reset_flag for each adaptat ion 5 

parameter set in a sequence level header, each adap tation 

parameter set is initialized only when its flag aps _reset_flag 

decoded by the variable length decoding unit 31 is set to 

"enable", whereas each adaptation parameter set is not 

initialized when its flag aps_reset_flag is set to "disable."  10 

By doing this way, the video decoding device can co rrectly 

decode the stream generated by the video encoding d evice that 

carries out the adaptive initializing process using  the 

initialization flag aps_reset_flag for each adaptat ion 

parameter set. 15 

[0062] 

In addition, in the case in which the video encodin g device 

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

parameters of each adaptation parameter set, a flag  

previous_aps_clear_flag for disabling already-decod ed 20 

adaptation parameter sets, when a previous_aps_clea r_flag 

decoded by the variable length decoding unit 31 is set to 

"enable", the variable length decoding unit 31 disa bles the 

adaptation parameter sets decoded before the adapta tion 

parameter set, whereas when the previous_aps_clear_ flag is set 25 

to "disable", the variable length decoding unit doe s not carry 

out the above-mentioned disabling process.  More sp ecifically, 

in the example of the coded bitstream shown in Fig.  24, when 

the variable length encoding unit 13 of the video e ncoding 

device has encoded the flag previous_aps_clear_flag  of the 30 
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adaptation parameter set 21 as "enable", the adapta tion 

parameter sets 1 to 20 are disabled and no referenc e to the 

adaptation parameter sets 1 to 20 is made for pictu res to be 

encoded in order after an IDR picture or a CRA pict ure.  

Therefore, random access according to the IDR pictu re or the 5 

CRA picture can be implemented in the decoding from  the sequence 

level header 2 which is the head of the access unit  including 

the picture data 31 about the IDR picture or the CR A picture. 

[0063] 

As an alternative, in the case in which the video e ncoding 10 

device is constructed in such a way as to implement  the disabling 

process of disabling adaptation parameter sets for random 

access by providing a flag part_aps_clear_flag for disabling 

some adaptation parameter sets when decoding an IDR  picture or 

a CRA picture in a sequence level header or a NAL u nit, when 15 

a flag part_aps_clear_flag decoded by the variable length 

decoding unit 31 at the time of decoding an IDR pic ture or a 

CRA picture is set to "enable", the variable length  decoding 

unit 31 disables the adaptation parameter sets prec eding the 

picture data about the picture immediately precedin g the IDR 20 

picture or the CRA picture.  More specifically, in the example 

shown in Fig. 24, when the variable length encoding  unit 13 of 

the video encoding device has encoded the flag 

part_aps_clear_flag in the sequence level header 2 or the NAL 

unit of the picture data 31 as "enable", the adapta tion 25 

parameter sets preceding the picture data 30 which is the 

picture data immediately preceding the picture data  31 are 

disabled when decoding the picture data 31.  Theref ore, no 

reference to the adaptation parameter sets 1 to 20 is made for 

the pictures to be decoded in order after the IDR p icture or 30 
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the CRA picture, and random access according to the  IDR picture 

or the CRA picture can be implemented in the decodi ng from the 

sequence level header 2.  However, in the case in w hich the video 

encoding device is constructed in such a way as to always carry 

out the disabling process of disabling adaptation p arameter 5 

sets when encoding an IDR picture or a CRA picture without 

providing such a flag as above, the video decoding device can 

be constructed in such a way that the variable leng th decoding 

unit 31 always carries out the above-mentioned disa bling 

process of disabling adaptation parameter sets when  decoding 10 

the IDR picture or the CRA picture, thereby being a ble to 

correctly decode the coded bitstream generated by t he 

above-mentioned video encoding device. 

[0064] 

In addition, in the case in which the video encodin g device 15 

is constructed in such a way as to have a parameter  referred 

to as aps_group_id in each adaptation parameter set  as a method 

of implementing the disabling process of disabling adaptation 

parameter sets according to an IDR picture or a CRA  picture, 

when decoding the IDR picture or the CRA picture, t he variable 20 

length decoding unit 31 of the video decoding devic e 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 

referred to by the IDR picture or the CRA picture.  For example, 25 

in the case shown in Fig. 24, when the video encodi ng device 

encodes the adaptation parameter sets in such a way  as to set 

the parameters aps_group_id of the adaptation param eter sets 

1 to 20 to zero and also set the parameters aps_gro up_id of the 

adaptation parameter set 21 and subsequent adaptati on parameter 30 
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sets to one, the variable length decoding unit 31 o f the video 

decoding device disables the adaptation parameter s ets 1 to 20 

having parameters aps_group_id (=0) different from the 

parameter aps_group_id (=1) of the adaptation param eter set 21 

when the picture data 31 about the IDR picture or t he CRA picture 5 

refers to the adaptation parameter set 21.  Therefo re, the 

adaptation parameter sets 1 to 20 are not referred to by the 

picture data 31 and subsequent picture data, and th e video 

decoding device can always and correctly decode a p redetermined 

picture and subsequent pictures by starting the dec oding from 10 

the sequence level header 2 which is the head of th e access unit 

including the picture data 31 about the IDR picture  or the CRA 

picture. 

[0065] 

In accordance with the method of introducing an 15 

aps_group_id as mentioned above, when the video enc oding device 

carries out the encoding in such a way as not to ch ange the values 

of the parameters aps_group_id of the adaptation pa rameter sets 

according to an IDR picture or a CRA picture while giving a higher 

priority to the coding efficiency than to the error  resistance, 20 

the video decoding device can also decode the adapt ation 

parameter sets correctly without the adaptation par ameter sets 

being disabled because, when the picture data about  the IDR 

picture or the CRA picture refers to an adaptation parameter 

set, there exists no adaptation parameter set havin g a parameter 25 

aps_group_id whose value differs from that of the p arameter 

aps_group_id of the adaptation parameter set which is referred 

to by the picture data.  Further, in the case in wh ich the video 

encoding device is constructed in such a way as to disable an 

adaptation parameter set having a parameter aps_gro up_id whose 30 
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value differs from that of the parameter aps_group_ id which is 

referred to also when decoding a picture other than  IDR pictures 

or CRA pictures, the variable length decoding unit 31 of the 

video decoding device disables an adaptation parame ter set 

having a parameter aps_group_id whose value differs  from that 5 

of the parameter aps_group_id which is referred to when decoding 

a picture.  By doing in this way, the video decodin g device can 

correctly decode the stream generated by the video encoding 

device that implements the adaptive disabling proce ss of 

disabling adaptation parameter sets by arbitrarily setting the 10 

timing with which to change the parameter aps_group _id of an 

adaptation parameter set. 

[0066] 

In addition, in the case in which the variable leng th 

encoding unit 13 of the video encoding device is co nstructed 15 

in such a way as to, when encoding an IDR picture o r a CRA picture, 

carry out the disabling process of disabling adapta tion 

parameter sets according to the IDR picture or the CRA picture 

by using the index (aps_id) of each adaptation para meter set, 

as another method of implementing the disabling pro cess of 20 

disabling adaptation parameter sets according to an  IDR picture 

or a CRA picture, the variable length decoding unit  31 of the 

video decoding device disables the adaptation param eter sets 

having indexes smaller than the index (aps_id) of t he adaptation 

parameter set in question when referring to the ada ptation 25 

parameter set which is referred to by the IDR pictu re or the 

CRA picture.  More specifically, in the case in whi ch indexes 

are assigned to adaptation parameter sets in the or der in which 

these adaptation parameter sets are encoded in the examples of 

Figs. 24 and 28, when the adaptation parameter set 21 is referred 30 
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to by the picture data 31 about an IDR picture or a  CRA picture, 

the adaptation parameter sets 1 to 20 having indexe s smaller 

than the index of the adaptation parameter set 21 a re disabled.  

Therefore, the adaptation parameter sets 1 to 20 ar e not 

referred to by the picture data 31 and subsequent p icture data, 5 

and the video decoding device can always and correc tly decode 

a predetermined picture and subsequent pictures whe n starting 

the decoding from the access unit including the pic ture data 

31 of the IDR picture or the CRA picture. 

[0067] 10 

In addition, in the case in which the video encodin g device 

is constructed in such a way as to, instead of enco ding the 

quantization matrix parameter as an adaptation para meter set, 

encode the quantization matrix parameter in a pictu re level 

header as a parameter which can be changed on a per  picture basis, 15 

the same processes as the adaptation parameter set initializing 

process using a sequence level header and the disab ling process 

of disabling adaptation parameter sets according to  an IDR or 

CRA picture, which are explained above, are carried  out also 

on the quantization matrix parameter.  The motion-c ompensated 20 

prediction frame memory 39 is a recording medium th at stores 

the decoded image on which the filtering process is  carried out 

by the loop filter unit 38.  In general, a profile and a level 

may be defined in the video decoding device as info rmation 

showing a constraint for defining circuit scales in cluding a 25 

memory amount.  The profile defines the specificati ons of the 

video decoding device (descriptions showing the str uctures of 

the variable length decoding unit, the inverse 

quantization/inverse transformation unit, the intra  

prediction unit, the motion compensation unit, the loop filter 30 
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unit, etc.), and the level imposes restrictions on settings, 

such as a maximum input image size, the number of f rame memories, 

and a motion vector range which the motion vector c an have, which 

affect the required memory amount and the amount of  computation 

of the video decoding device.  On the other hand, b ecause an 5 

optimal number of offsets per picture of the pixel adaptive 

offset process in the loop filter unit 38 and an op timal number 

of filters per picture of the adaptive filtering pr ocess 

increase with increase in the space resolution of t he image, 

a maximum number of offsets per picture of the pixe l adaptive 10 

offset process and a maximum number of filters per picture of 

the adaptive filtering process can be defined accor ding to the 

maximum input image size defined by the level.  By doing in this 

way, an appropriate maximum number of offsets and a n appropriate 

maximum number of filters can be defined adaptively . 15 

[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 ntra 

prediction unit 34, the motion compensation unit 35 , the adding 20 

unit 36, the memory 37 for intra prediction, the lo op filter 

unit 38, and the motion-compensated prediction fram e memory 39, 

which are the components of the video decoding devi ce, can 

consist of pieces of hardware for exclusive use (e. g., 

semiconductor integrated circuits in each of which a CPU is 25 

mounted, one chip microcomputers, or the like), res pectively.  

As an alternative, the video decoding device can co nsist of a 

computer, and a program in which the processes carr ied out by 

the variable length decoding unit 31, the inverse 

quantization/inverse transformation unit 32, the se lect switch 30 



50 

 

33, the intra prediction unit 34, the motion compen sation unit 

35, the adding unit 36, and the loop filter unit 38  are described 

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

computer can be made to execute the program stored in the memory.  

Fig. 4 is a flow chart showing the processing (vide o decoding 5 

method) carried out by the video decoding device in  accordance 

with Embodiment 1 of the present invention. 

[0069] 

Next, the operations of the video encoding and deco ding 

devices will be explained.  In this Embodiment 1, a  case in which 10 

the video encoding device receives each frame image  of a video 

as an inputted image, carries out an intra predicti on from 

already-encoded neighborhood pixels or a motion-com pensated 

prediction between adjacent frames, and performs a compression 

process with orthogonal transformation and quantiza tion on an 15 

acquired prediction difference signal, and, after t hat, carries 

out variable length encoding so as to generate a co ded bitstream, 

and the video decoding device decodes the coded bit stream 

outputted from the video encoding device will be ex plained. 

[0070] 20 

The video encoding device shown in Fig. 1 is charac terized 

in that the video encoding device is adapted for lo cal changes 

in a space direction and in a time direction of a v ideo signal, 

divides the video signal into blocks having various  sizes, and 

carries out intra-frame and inter-frame adaptive en coding.  In 25 

general, the video signal has a characteristic of i ts complexity 

locally varying in space and time.  There can be a case in which 

a pattern having a uniform signal characteristic in  a relatively 

large image region, such as a sky image or a wall i mage, or a 

pattern having a complicated texture pattern in a s mall image 30 
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region, such as a person image or a picture includi ng a fine 

texture, also coexists on a certain video frame fro m the 

viewpoint of space.  Also from the viewpoint of tim e, a sky image 

and a wall image have a small local change in a tim e direction 

in their patterns, while an image of a moving perso n or object 5 

has a larger temporal change because its outline ha s a movement 

of a rigid body and a movement of a non-rigid body with respect 

to time. 

[0071] 

Although a process of generating a prediction diffe rence 10 

signal having small signal power and small entropy by using a 

temporal and spatial prediction, thereby reducing t he whole 

code amount, is carried out in the encoding process , the code 

amount of parameters used for the prediction can be  reduced as 

long as the parameters can be applied uniformly to as large an 15 

image signal region as possible.  On the other hand , because 

the amount of errors occurring in the prediction in creases when 

the same prediction parameter is applied to a large  image region 

in an image signal pattern having a large change in  time and 

space, the code amount of the prediction difference  signal 20 

increases.  Therefore, it is desirable to apply the  same 

prediction parameter to an image region having a la rge change 

in time and space to reduce the block size of a blo ck which is 

subjected to the prediction process, thereby increa sing the 

data volume of the parameter which is used for the prediction 25 

and reducing the electric power and entropy of the prediction 

difference signal. 

[0072] 

In this Embodiment 1, a structure of, in order to c arry 

out encoding which is adapted for such the typical 30 
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characteristics of a video signal, starting the pre diction 

process and so on from a predetermined largest bloc k size first, 

hierarchically partitioning each region of the vide o signal 

into blocks, and adapting the prediction process an d the 

encoding process of encoding the prediction differe nce to each 5 

of the blocks partitioned is provided. 

[0073] 

A video signal having a format which is to be proce ssed 

by the video encoding device shown in Fig. 1 can be  a YUV signal 

which consists of a luminance signal and two color difference 10 

signals or a color video image signal in arbitrary color space, 

such as an RGB signal, outputted from a digital ima ge sensor, 

or an arbitrary video signal, such as a monochrome image signal 

or an infrared image signal, in which each video fr ame consists 

of a series of digital samples (pixels) in two dime nsions, 15 

horizontal and vertical.  The gradation of each pix el can be 

an 8-bit, 10-bit, or 12-bit one. 

[0074] 

In the following explanation, for convenience' sake , a 

case in which the video signal of the inputted imag e is a YUV 20 

signal unless otherwise specified, and the two colo r difference 

components U and V which are signals having a 4:2:0  format which 

are subsampled with respect to the luminance compon ent Y are 

handled will be described.  Further, a data unit to  be processed 

which corresponds to each frame of the video signal  is referred 25 

to as a "picture."  In this Embodiment 1, although an 

explanation will be made in which a "picture" is a video frame 

signal on which progressive scanning is carried out , a "picture" 

can be alternatively a field image signal which is a unit which 

constructs a video frame when the video signal is a n interlaced 30 
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signal. 

[0075] 

First, the processing carried out by the video enco ding 

device shown in Fig. 1 will be explained.  First, t he encoding 

controlling unit 2 determines the slice partitionin g state of 5 

a picture (current picture) which is the target to be encoded, 

and also determines the size of each largest coding  block which 

is used for the encoding of the picture and the upp er limit on 

the number of hierarchies at the time when each lar gest coding 

block is hierarchically partitioned into blocks (st ep ST1 of 10 

Fig. 2).  As a method of determining the size of ea ch largest 

coding block, for example, there can be a method of  determining 

the same size for all the pictures according to the  resolution 

of the video signal of the inputted image, and a me thod of 

quantifying a variation in the complexity of a loca l movement 15 

of the video signal of the inputted image as a para meter and 

then determining a small size for a picture having a large and 

vigorous movement while determining a large size fo r a picture 

having a smaller movement. 

[0076] 20 

As a method of determining the upper limit on the n umber 

of hierarchies of the partitioning, for example, th ere can be 

a method of determining the same number of hierarch ies for all 

the pictures according to the resolution of the vid eo signal 

of the inputted image, and a method of increasing t he number 25 

of hierarchies to make it possible to detect a fine r movement 

as the video signal of the inputted image has a lar ger and more 

vigorous movement, or decreasing the number of hier archies as 

the video signal of the inputted image has a smalle r movement.  

The encoding controlling unit can encode the above- mentioned 30 
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size of each largest coding block, and the upper li mit on the 

number of hierarchies at the time when each largest  coding block 

is hierarchically partitioned into blocks to includ e the coded 

data in the sequence level header or the like.  As an alternative, 

the video decoding device can also carry out the sa me 5 

determination process without the size and the uppe r limit being 

encoded.  In the former case, because while the cod e amount of 

the header information increases, the video decodin g device 

does not have to carry out the above-mentioned dete rmination 

process, the processing load on the video decoding device can 10 

be reduced and the video encoding device can also s earch for 

their optimal values and send these values to the v ideo decoding 

device.  In the latter case, on the contrary, becau se the video 

decoding device carries out the above-mentioned det ermination 

process, while the processing load on the video dec oding device 15 

increases, the code amount of the header informatio n does not 

increase. 

[0077] 

The encoding controlling unit 2 also selects a codi ng mode 

corresponding to each of the coding blocks into whi ch the 20 

inputted image is hierarchically partitioned from o ne or more 

available coding modes (step ST2).  More specifical ly, the 

encoding controlling unit 2 hierarchically partitio ns each 

image region having the largest coding block size i nto coding 

blocks each having a coding block size until the nu mber of 25 

hierarchies of the partitioning reaches the upper l imit on the 

number of hierarchies which is determined in advanc e, and 

determines a coding mode for each of the coding blo cks.  The 

coding mode can be one of one or more intra coding modes 

(generically referred to as "INTRA") and one or mor e inter 30 
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coding modes (generically referred to as "INTER"), and the 

encoding controlling unit 2 selects a coding mode c orresponding 

to each of the coding blocks from among all the cod ing modes 

available in the picture currently being processed or a subset 

of the coding modes. 5 

[0078] 

Each of the coding blocks into which the inputted i mage 

is hierarchically partitioned by the block partitio ning unit 

1, which will be mentioned below, is further partit ioned into 

one or more prediction blocks each of which is a un it on which 10 

a prediction process is to be carried out, and the state of the 

partitioning into the one or more prediction blocks  is also 

included as information in the coding mode informat ion.  More 

specifically, the coding mode information is an ind ex 

identifying either an intra coding mode or an inter  coding mode 15 

and what type of partitioning into prediction block s the coding 

mode has.  Although a detailed explanation of a sel ection method 

of selecting a coding mode for use in the encoding controlling 

unit 2 will be omitted hereafter because the select ion method 

is a known technique, for example, there is a metho d of carrying 20 

out an encoding process on each coding block by usi ng arbitrary 

available coding modes to examine the coding effici ency, and 

selecting a coding mode having the highest degree o f coding 

efficiency from among the plurality of available co ding modes. 

[0079] 25 

The encoding controlling unit 2 further determines a 

quantization parameter and an orthogonal transforma tion block 

partitioning state, which are used when a differenc e image is 

compressed, for each coding block, and also determi nes a 

prediction parameter (an intra prediction parameter  or an inter 30 
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prediction parameter) which is used when a predicti on process 

is carried out.  When each coding block is further partitioned 

into prediction blocks on each of which the predict ion process 

is carried out, the encoding controlling unit can s elect a 

prediction parameter (an intra prediction parameter  or an inter 5 

prediction parameter) for each of the prediction bl ocks.  In 

addition, because when an intra prediction process is carried 

out on each prediction block in a coding block whos e coding mode 

is an intra coding mode, already-encoded pixels adj acent to the 

prediction block are used, as will be described in detail, it 10 

is necessary to carry out encoding on a per predict ion block 

basis, and therefore selectable transformation bloc k sizes are 

limited to the size of the prediction block or less . 

[0080] 

The encoding controlling unit 2 outputs the predict ion 15 

difference coding parameters including the quantiza tion 

parameter and the transformation block size to the 

transformation/quantization unit 7, the inverse 

quantization/inverse transformation unit 8, and the  variable 

length encoding unit 13.  The encoding controlling unit 2 also 20 

outputs the intra prediction parameter to the intra  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] 25 

When receiving the video signal as the inputted ima ge, 

the slice partitioning unit 14 partitions the input ted image 

into one or more slices which are part images accor ding to the 

slice partitioning information determined by the en coding 

controlling unit 2.  Every time when receiving each  of the 30 
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slices from the slice partitioning unit 14, the blo ck 

partitioning unit 1 partitions the slice into codin g blocks each 

having the largest coding block size determined by the encoding 

controlling unit 2, and further partitions each of the largest 

coding blocks, into which the inputted image is par titioned, 5 

into coding blocks hierarchically, these coding blo cks being 

determined by the encoding controlling unit 2, and outputs each 

of the coding blocks. 

[0082] 

Fig. 5 is an explanatory drawing showing an example  in 10 

which each largest coding block is hierarchically p artitioned 

into a plurality of coding blocks.  Referring to Fi g. 5, each 

largest coding block is a coding block whose lumina nce component, 

which is shown by "0-th hierarchical layer", has a size of (L 0, 

M0).  By carrying out the hierarchical partitioning w ith each 15 

largest coding block being set as a starting point until the 

depth of the hierarchy reaches a predetermined dept h which is 

set separately according to a quadtree structure, t he coding 

blocks can be acquired.  At the depth of n, each co ding block 

is an image region having a size of (L n, M n).  In this example, 20 

although L n can be the same as or differ from M n, the case of 

Ln=Mn is shown in Fig. 5. 

[0083] 

Hereafter, the coding block size determined by the 

encoding controlling unit 2 is defined as the size of (L n, M n) 25 

in the luminance component of each coding block.  B ecause 

quadtree partitioning is carried out, (L n+1,Mn+1)=(L n/2, M n/2) 

is always established.  In the case of a color vide o image signal 

(4:4:4 format) in which all the color components ha ve the same 

sample number, such as an RGB signal, all the color  components 30 
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have a size of (L n, M n), while in the case of handling a 4:2:0 

format, a corresponding color difference component has a coding 

block size of (L n/2, M n/2). 

[0084] 

Hereafter, each coding block in the nth hierarchica l 5 

layer is expressed as B n, and a coding mode selectable for each 

coding block B n is expressed as m(B n).  In the case of a color 

video signal which consists of a plurality of color  components, 

the coding mode m(B n) can be configured in such a way that an 

individual mode is used for each color component, o r can be 10 

configured in such a way that a common mode is used  for all the 

color components.  Hereafter, an explanation will b e made by 

assuming that the coding mode indicates the one for  the 

luminance component of the coding block having a 4: 2:0 format 

in a YUV signal unless otherwise specified. 15 

[0085] 

Each coding block B n is partitioned into one or more 

prediction blocks each showing a prediction unit by  the block 

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

prediction block belonging to each coding block B n is expressed 20 

as P i
n (i shows a prediction block number in the nth hier archical 

layer).  An example of P00 and P10 is shown in Fig.  5.  How the 

partitioning of each coding block B n into prediction blocks is 

carried out is included as information in the codin g mode m(B n).  

While a prediction process is carried out on each o f all the 25 

prediction blocks P i
n according to the coding mode m(B n), an 

individual prediction parameter (an intra predictio n parameter 

or an inter prediction parameter) can be selected f or each 

prediction block P i
n. 

[0086] 30 
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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 

rectangle enclosed by a dotted line of Fig. 6(a) sh ows a coding 

block, and each block filled with hatch lines in ea ch coding 5 

block shows the partitioning state of each predicti on block.  

Fig. 6(b) shows a situation where a coding mode m(B n) is assigned 

to each node through the hierarchical partitioning in the 

example of Fig. 6(a) is shown by using a quadtree g raph.  Each 

node enclosed by □ shown in Fig. 6(b) is a node (coding block) 10 

to which a coding mode m(B n) is assigned.  Information about 

this quadtree graph is outputted from the encoding 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] 15 

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

controlling unit 2 is an intra coding mode (in the case of m(B n)

∈ INTRA), the select switch 3 outputs the coding bloc k B n 

outputted from the block partitioning unit 1 to the  intra 

prediction unit 4.  In contrast, when the coding mo de m(B n) 20 

determined by the encoding controlling unit 2 is an  inter coding 

mode (in the case of m(B n) ∈INTER), the select switch outputs 

the coding block B n outputted from the block partitioning unit 

1 to the motion-compensated prediction unit 5. 

[0088] 25 

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

controlling unit 2 is an intra coding mode (in the case of m(B n)

∈INTRA), and the intra prediction unit 4 receives th e coding 

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

prediction unit 4 carries out the intra prediction process on 30 
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each prediction block P i
n in the coding block B n by using the 

intra prediction parameter determined by the encodi ng 

controlling unit 2 while referring to the local dec oded image 

stored in the memory 10 for intra prediction so as to generate 

an intra prediction image P INTRAi
n (step ST4).  Because the video 5 

decoding device needs to generate an intra predicti on image 

which is completely the same as the intra predictio n image P INTRAi
n, 

the intra prediction parameter used for the generat ion of the 

intra prediction image P INTRAi
n is outputted from the encoding 

controlling unit 2 to the variable length encoding unit 13 and 10 

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 15 

controlling unit 2 is an inter coding mode (in the case of m(B n)

∈INTER), and the motion-compensated prediction unit 5 receives 

the coding block B n from the select switch 3 (step ST3), the 

motion-compensated prediction unit 5 compares each prediction 

block P i
n in the coding block B n with the local decoded image 20 

which is stored in the motion-compensated predictio n frame 

memory 12 and on which the filtering process is per formed to 

search for a motion vector, and carries out the int er prediction 

process on each prediction block P i
n in the coding block B n by 

using both the motion vector and the inter predicti on parameter 25 

determined by the encoding controlling unit 2 so as  to generate 

an inter prediction image P INTERi
n (step ST5).  Because the video 

decoding device needs to generate an inter predicti on image 

which is completely the same as the inter predictio n image P INTERi
n, 

the inter prediction parameter used for the generat ion of the 30 
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inter prediction image P INTERi
n is outputted from the encoding 

controlling unit 2 to the variable length encoding unit 13 and 

is multiplexed into the bitstream.  The motion vect or which is 

searched for by the motion-compensated prediction u nit 5 is also 

outputted to the variable length encoding unit 13 a nd is 5 

multiplexed into the bitstream. 

[0090] 

When receiving the coding block B n from the block 

partitioning unit 1, the subtracting unit 6 subtrac ts the intra 

prediction image P INTRAi
n generated by the intra prediction unit 10 

4 or the inter prediction image P INTERi
n generated by the 

motion-compensated prediction unit 5 from the predi ction block 

Pi
n in the coding block B n, and outputs a prediction difference 

signal e i
n showing a difference image which is the result of 

the subtraction to the transformation/quantization unit 7 (step 15 

ST6). 

[0091] 

When receiving the prediction difference signal e i
n from 

the subtracting unit 6, the transformation/quantiza tion unit 

7 refers to the orthogonal transformation block par titioning 20 

information included in the prediction difference c oding 

parameters determined by the encoding controlling u nit 2, and 

carries out an orthogonal transformation process (e .g., a DCT 

(discrete cosine transform), a DST (discrete sine t ransform), 

or an orthogonal transformation process, such as a KL transform, 25 

in which bases are designed for a specific learning  sequence 

in advance) on each orthogonal transformation block  of the 

prediction difference signal e i
n so as to calculates transform 

coefficients.  The transformation/quantization unit  7 also 

refers to the quantization parameter included in th e prediction 30 
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difference coding parameters to quantize the transf orm 

coefficients of each orthogonal transformation bloc k, and 

outputs compressed data which are the transform coe fficients 

quantized thereby to the inverse quantization/inver se 

transformation unit 8 and the variable length encod ing unit 13 5 

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

unit can carry out the quantization process by usin g a 

quantization matrix for carrying out scaling on the  

quantization step size calculated from the above-me ntioned 

quantization parameter for each transform coefficie nt. 10 

[0092] 

As the quantization matrix, a matrix which is indep endent 

for each of the chrominance signals and for each co ding mode 

(intra encoding or inter encoding) at each orthogon al 

transformation size can be used, and whether or not  to select, 15 

as an initial value of the quantization matrix, one  quantization 

matrix from a quantization matrix which is prepared  in advance 

and in common between the video encoding device and  the video 

decoding device and an already-encoded quantization  matrix, or 

whether or not to use, as an initial value of the q uantization 20 

matrix, a new quantization matrix can be selected.  Therefore, 

the transformation/quantization unit 7 sets, as the  

quantization matrix parameter to be encoded, flag i nformation 

showing whether or not to use a new quantization ma trix for each 

chrominance signal and for each coding mode at each  orthogonal 25 

transformation size.  In addition, when a new quant ization 

matrix is used, each of the scaling values in a qua ntization 

matrix as shown in Fig. 10 is set as a quantization  matrix 

parameter to be encoded.  In contrast, when no new quantization 

matrix is used, an index specifying a matrix to be used, as an 30 
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initial value, from the quantization matrix prepare d in advance 

and in common between the video encoding device and  the video 

decoding device and the already-encoded quantizing matrix is 

set as a quantization matrix parameter to be encode d.  However, 

when no already-encoded quantization matrix which c an be 5 

referred to exists, only the quantization matrix pr epared in 

advance and in common between the video encoding de vice and the 

video decoding device can be selected.  The 

transformation/quantization unit 7 then outputs the  set 

quantization matrix parameters to the variable leng th encoding 10 

unit 13 as a part of an adaptation parameter set. 

[0093] 

When receiving the compressed data from the 

transformation/quantization unit 7, the inverse 

quantization/inverse transformation unit 8 refers t o the 15 

quantization parameter and the orthogonal transform ation block 

partitioning information which are included in the prediction 

difference coding parameters determined by the enco ding 

controlling unit 2 so as to inverse-quantize the co mpressed data 

about each orthogonal transformation block.  When t he 20 

transformation/quantization unit 7 uses a quantizat ion matrix 

for the quantization process, the inverse quantizat ion/inverse 

transformation unit carries out a corresponding inv erse 

quantization process by referring to the quantizati on matrix 

also at the time of the inverse quantization proces s.  The 25 

inverse quantization/inverse transformation unit 8 also 

carries out an inverse orthogonal transformation pr ocess (e.g., 

an inverse DCT, an inverse DST, an inverse KL trans form, or the 

like) on the transform coefficients which are the c ompressed 

data inverse-quantized for each orthogonal transfor mation 30 
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block, and calculates a local decoded prediction di fference 

signal corresponding to the prediction difference s ignal e i
n 

outputted from the subtracting unit 6 and outputs t he local 

decoded prediction difference signal to the adding unit 9 (step 

ST8). 5 

[0094] 

When receiving the local decoded prediction differe nce 

signal from the inverse quantization/inverse transf ormation 

unit 8, the adding unit 9 calculates a local decode d image by 

adding the local decoded prediction difference sign al and 10 

either the intra prediction image P INTRAi
n generated by the intra 

prediction unit 4 or the inter prediction image P INTERi
n generated 

by the motion-compensated prediction unit 5 (step S T9).  The 

adding unit 9 outputs the local decoded image to th e loop filter 

unit 11 while storing the local decoded image in th e memory 10 15 

for intra prediction.  This local decoded image is an encoded 

image signal which is used at the time of subsequen t intra 

prediction processes. 

[0095] 

When receiving the local decoded image from the add ing 20 

unit 9, the loop filter unit 11 carries out the pre determined 

filtering process on the local decoded image, and s tores the 

local decoded image filtering-processed thereby in the 

motion-compensated prediction frame memory 12 (step  ST10).  

Concretely, the loop filter unit carries out a filt ering 25 

(deblocking filtering) process of reducing a distor tion 

occurring at a boundary between orthogonal transfor mation 

blocks and a distortion occurring at a boundary bet ween 

prediction blocks, a process (pixel adaptive offset  process) 

of adaptively adding an offset to each pixel, an ad aptive 30 
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filtering process of adaptively switching among lin ear filters, 

such as Wiener filters, and performing the filterin g process, 

and so on. 

[0096] 

The loop filter unit 11 determines whether or not t o carry 5 

out the process for each of the above-mentioned fil tering 

processes including the deblocking filtering proces s, the pixel 

adaptive offset process, and the adaptive filtering  process, 

and outputs the enable flag of each of the processe s, as a part 

of the adaptation parameter set to be encoded and a  part of the 10 

slice level header, to the variable length encoding  unit 13.  

When using two or more of the above-mentioned filte ring 

processes, the loop filter unit carries out the fil tering 

processes in order.  Fig. 11 shows an example of th e structure 

of the loop filter unit 11 in the case of using a p lurality of 15 

filtering processes.  In general, while the image q uality is 

improved with increase in the number of types of fi ltering 

processes used, the processing load is increased wi th increase 

in the number of types of filtering processes used.   More 

specifically, there is a trade-off between the imag e quality 20 

and the processing load.  Further, an improvement e ffect of the 

image quality which is produced by each of the filt ering 

processes differs depending upon the characteristic s of the 

image which is the target for the filtering process .  Therefore, 

what is necessary is just to determine a filtering process to 25 

be used according to the processing load acceptable  in the video 

encoding device and the characteristics of the imag e which is 

the target for the filtering process. 

[0097] 

In the deblocking filtering process, various parame ters 30 
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used for the selection of the intensity of a filter  to be applied 

to a block boundary can be changed from their initi al values.  

When changing a parameter, the parameter is outputt ed to the 

variable length encoding unit 13 as a part of the a daptation 

parameter set to be encoded. 5 

[0098] 

In the pixel adaptive offset process, the image is 

partitioned into a plurality of blocks first, a cas e of not 

carrying out the offset process is defined as one c lass 

classifying method for each of the coding blocks, a nd one class 10 

classifying method is selected from among a plurali ty of class 

classifying methods which are prepared in advance.  Next, by 

using the selected class classifying method, each p ixel 

included in the block is classified into one of cla sses, and 

an offset value for compensating for a coding disto rtion is 15 

calculated for each of the classes.  Finally, a pro cess of 

adding the offset value to the brightness value of the local 

decoded image is carried out, thereby improving the  image 

quality of the local decoded image. 

[0099] 20 

As the method of carrying out the class classificat ion, 

there are a method (referred to as a BO method) of classifying 

each pixel into one of classes according to the bri ghtness value 

of the local decoded image, and a method (referred to as an EO 

method) of classifying each pixel into one of class es according 25 

to the state of a neighboring region around the pix el (e.g., 

whether or not the neighboring region is an edge po rtion) for 

each of the directions of edges.  These methods are  prepared 

in common between the video encoding device and the  video 

decoding device.  As shown in Fig. 16, the case of not carrying 30 
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out the offset process is defined as one class clas sifying 

method, and an index showing which one of these met hods is to 

be used to carry out the class classification is se lected for 

each of the above-mentioned blocks. 

[0100] 5 

Fig. 13 is an explanatory drawing showing the BO me thod.  

In accordance with the BO method, the range of brig htness values 

which the local decoded image can have is divided i nto M BO equal 

groups first.  M BO is a constant which is an integral submultiple 

of ((the largest one of the brightness values)-(the  smallest 10 

one of the brightness values)+1), and M BO=32 in the example shown 

in Fig. 13.  Next, each pixel in the block is class ified into 

a corresponding one of the M BO groups according to the brightness 

value of the pixel in question.  In order to then d etermine the 

class which is the group to which the offset is to be added, 15 

bo_start_position showing the start position of the  classes is 

determined.  As shown in Fig. 13, the classes are d etermined 

as class 0, class 1, class 2, …, and class L BO-1 starting from 

the group shown by bo_start_position.  However, L BO is a 

constant showing the number of classes, and L BO=4 in the example 20 

shown in Fig. 13. 

[0101] 

bo_start_position is a part of the adaptation param eter 

set which is to be encoded, and is determined toget her with the 

offset value which is to be added to each pixel bel onging to 25 

each class in such a way that the image quality imp rovement 

effect is enhanced to maximum.  While the larger co nstant M BO, 

the further-enhanced image quality improvement effe ct is 

provided because the offset can be set for each fin er unit, the 

code amount required to encode bo_start_position in creases 30 
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because the range of values which bo_start_position  can have 

becomes large.  While the larger constant L BO, the 

further-enhanced image quality improvement effect i s provided 

because the number of offsets increases, the code a mount 

required to code the offsets increases.  Therefore,  the values 5 

of the constants M BO and L BO are preset to appropriate values 

in common between the video encoding device and the  video 

decoding device in consideration of a trade-off bet ween the 

image quality improvement effect and the code amoun t.  As an 

alternative, the values of the constants M BO and L BO can be set 10 

as a part of the adaptation parameter set which is to be encoded, 

instead of being prepared in advance and in common between the 

video encoding device and the video decoding device .  In this 

case, while the image quality improvement effect is  enhanced 

because the constants M BO and L BO can be set up adaptively, the 15 

code amount increases because the information to be  encoded 

increases. 

[0102] 

Next, Fig. 14 is an explanatory drawing showing the  EO 

method.  In Fig. 14, c shows a pixel which is the t arget for 20 

offset process, and a and b show pixels adjacent to  the pixel 

c.  As shown in Fig. 14, four types of class classi fying methods 

are provided according to directions in each of whi ch the pixels 

a, b, and c are aligned in a line.  The methods in the order 

of starting from the one 1 correspond to EO methods  1 to 4 shown 25 

in Fig. 16 respectively.  Each of the classificatio n methods 

classifies each pixel in the block into one of five  types of 

classes according to class classification criteria shown in Fig. 

14 to determine the offset value which is to be add ed to the 

pixel belonging to the class. 30 
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[0103] 

The offset value which is to be added to each pixel  

belonging to each class is determined, as illustrat ed in Fig. 

17, by preparing a table in which the offset value calculated 

for each class is prepared in advance and in common  between the 5 

video encoding device and the video decoding device , and 

selecting an index indicating a combination of offs et values 

to be used as offset information.  By doing this wa y, although 

the range of values which each offset can have is l imited, a 

high-accuracy distortion compensation process can b e 10 

implemented while the code amount required to encod e the offset 

information can be reduced as compared with the cas e of encoding 

the offset value just as it is by appropriately set ting up the 

combination of offset values for each class which i s prepared 

in the above-mentioned table.  By using, as a metho d of encoding 15 

the above-mentioned index which the variable length  encoding 

unit 13 uses, a binarization method taking into con sideration 

the range of values of a symbol to be encoded, such  as a truncated 

unary code shown in Fig. 25, because the range of v alues which 

the index can have can be seen from the table prepa red in advance, 20 

encoding having a high degree of efficiency can be carried out.  

Fig. 25 is an example in a case in which the range of values 

which the symbol to be encoded has is set to the on e from 0 to 

5. 

[0104] 25 

At this time, the table which is prepared in advanc e can 

be common among all the class classifying methods, or can be 

different according to the class classifying method s.  For 

example, because the processes completely differ be tween the 

BO method and the EO method, an adaptive image qual ity 30 
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improvement can be implemented by separately prepar ing 

different tables for the BO and EO methods.  In add ition, 

because the distances among the pixels a, b, and c differ between 

the EO methods 1 and 2 and the EO methods 3 and 4 i n the case 

of using the EO method, an adaptive image quality i mprovement 5 

can be implemented by separately preparing a table for the EO 

methods 1 and 2 and a table for the EO methods 3 an d 4.  However, 

the amount of memory required to hold the tables in creases with 

increase in the number of tables prepared.  Therefo re, the 

number of tables which can be prepared is limited b y the amount 10 

of memory which can be prepared in the video encodi ng device 

and the amount of memory which can be prepared in t he video 

decoding device. 

[0105] 

Further, although a high-accuracy image quality 15 

improvement can be implemented by increasing the nu mber of 

indexes which each table has (the number of combina tions of 

offsets for each class), the code amount required t o encode the 

indexes increases with increase in the number of in dexes 

selectable in the table.  Therefore, the number of indexes is 20 

set up in advance and in common between the video e ncoding device 

and the video decoding device in consideration of t he trade-off 

between the image quality improvement effect and th e code amount.  

The table prepared in advance can be prepared for e ach 

chrominance signal.  By doing in this way, an appro priate table 25 

can prepared for each of the chrominance signals ha ving 

different signal characteristics, and the image qua lity 

improvement effect can be enhanced. 

[0106] 

In addition, instead of making a table reference to  all 30 
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the offsets, for example, a table reference can be made to 

offsets according to only the EO method in the abov e-mentioned 

way, while the values themselves of offsets accordi ng to the 

BO method can be encoded.  In general, according to  the EO method, 

there is provided an effect of removing a slight no ise in an 5 

edge portion, and an optimal offset value is easily  biased 

toward a small value.  On the other hand, according  to the BO 

method, there is provided an effect of correcting a  DC component 

of a signal falling within a certain brightness ran ge, and an 

optimal offset value is not necessarily biased towa rd a small 10 

value.  Therefore, a table reference is made only f or a class 

classifying method in which an optimal offset value  is biased, 

while an offset value itself is encoded for a class  classifying 

method in which an optimal offset value is not bias ed, so that 

a greater image quality improvement effect is acqui red.  15 

According to an encoding method of encoding the abo ve-mentioned 

offset value which the variable length encoding uni t 13 uses, 

by setting up the range of values which the offset can have in 

advance and in common between the video encoding de vice and the 

video decoding device, high-efficiency encoding can  be carried 20 

out by using a binarization method which takes into  

consideration the range of values which a symbol to  be encoded, 

such as a truncated unary code shown in Fig. 25, ha s.  In 

contrast, when the range of values which the offset  can have 

is not set up in advance, a code which can be binar ized without 25 

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 t by 

using the bit depth of the signal value of the lumi nance signal 30 
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or each color difference signal at the time of carr ying out the 

encoding process.  An offset value in the case of 9  bits 

corresponding to an offset value of 1 in the case o f 8 bits is 

2.  However, there is a possibility that even when an optimal 

offset value in the case of 8 bits is 1, the optima l offset value 5 

in the case of 9 bits is not 2, but 1 or another va lue.  Therefore, 

the image quality improvement effect can be enhance d by 

preparing a table for each bit depth of the signal value as shown 

in Fig. 19.  In addition, as illustrated in Fig. 20 , by using 

only a single table, and providing, as a choice, on ly an index 10 

of 0 (0 bits) in the case of 8 bits, providing, as a choice, 

indexes of 0 and 1 (1 bit) in the case of 9 bits, a nd providing, 

as a choice, indexes of 0 to 4 (2 bits) in the case  of 10 bits, 

the number of tables prepared can be reduced and th e amount of 

memory for holding the tables can be reduced.  In t he examples 15 

shown in Figs. 19 and 20, because only the index of  0 is provided 

in the case of 8 bits, it is not necessary to encod e the index.  

By doing in this way, the coding efficiency can be improved by 

a degree corresponding to the code amount required to encode 

the indexes. 20 

[0108] 

In the pixel adaptive offset process, an optimal cl ass 

classifying method and an optimal offset value are selected from 

the above-mentioned plurality of class classifying methods and 

from the combination of optimal offset values, so t hat an 25 

optimal distortion compensation process can be impl emented. 

[0109] 

As a result, in the pixel adaptive offset process, the 

block partitioning information, the index indicatin g the class 

classifying method for each block, and the offset i nformation 30 
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about each block are outputted to the variable leng th encoding 

unit 13 as a part of the adaptation parameter set t o be encoded.  

In addition, in the pixel adaptive offset process, when the 

index indicating the class classifying method for e ach of the 

blocks shows the BO method, bo_start_position showi ng the start 5 

position of the classes is also outputted to the va riable length 

encoding unit 13 as a part of the adaptation parame ter set to 

be encoded.  In the above-mentioned pixel adaptive offset 

process, for example, the image can be always parti tioned into 

blocks each having a fixed size, such as largest co ding blocks, 10 

and a class classifying method can be selected for each of the 

blocks and the adaptive offset process for each cla ss can be 

carried out.  In this case, the above-mentioned blo ck 

partitioning information becomes unnecessary, and t he code 

amount can be reduced by the code amount required f or the block 15 

partitioning information. 

[0110] 

Further, in the adaptive filtering process, a class  

classification is carried out on the local decoded image by 

using a predetermined method, a filter for compensa ting for a 20 

distortion piggybacked on the image is designed for  each region 

(local decoded image) belonging to each class, and the filtering 

process of filtering this local decoded image is ca rried out 

by using the filter.  The filter designed for each class is then 

outputted to the variable length encoding unit 13 a s a part of 25 

the adaptation parameter set to be encoded.  As the  class 

classifying method, there are a simple method of pa rtitioning 

the image into equal parts spatially and a method o f performing 

a classification on a per block basis according to the local 

characteristics (a variance and so on) of the image .  Further, 30 
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the number of classes used in the adaptive filterin g process 

can be preset as a value common between the video e ncoding device 

and the video decoding device, or can be preset as a part of 

the adaptation parameter set to be encoded.  The im provement 

effect of the image quality in the latter case is e nhanced 5 

because the number of classes used in the latter ca se can be 

set freely as compared with that in the former case , while the 

code amount is increased by that required for the n umber of 

classes because the number of classes is encoded. 

[0111] 10 

In addition, the class classification for the adapt ive 

filtering process, and the filter design and the fi ltering 

process can be carried out on, instead of the entir e image, each 

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

More specifically, the class classification can be carried out 15 

on each set of plural small blocks, into which each  block having 

a fixed size is partitioned, according to the local  

characteristics (a variance and so on) of the image  and filter 

design and the filtering process can be carried out  for each 

class, the filter of each class can be encoded, as a part of 20 

the adaptation parameter set, for each block having  a fixed size.  

By doing this way, a high-accuracy filtering proces s according 

to the local characteristics can be implemented as compared with 

the case of carrying out the class classification, the filter 

design, and the filtering process on the entire ima ge. 25 

[0112] 

The video encoding device repeatedly carries out th e 

processes of steps ST3 to ST9 until the video encod ing device 

completes the processing on all the coding blocks B n into which 

the inputted image is partitioned hierarchically, a nd, when 30 
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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] 

The variable length encoding unit 13 entropy-encode s the 

compressed data outputted thereto from the 5 

transformation/quantization unit 7, the block parti tioning 

information about the partitioning of each largest coding block 

into blocks, which is outputted from the encoding c 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 10 

difference coding parameters, the intra prediction parameter 

(when the coding mode is an intra coding mode) or t he inter 

prediction parameter (when the coding mode is an in ter coding 

mode) outputted from the encoding controlling unit 2, and the 

motion vector outputted from the motion-compensated  prediction 15 

unit 5 (when the coding mode is an inter coding mod e), and 

generates coded data showing those encoded results (step ST13). 

[0114] 

The variable length encoding unit 13 also encodes, as the 

header information of a coded bitstream, the sequen ce level 20 

header, the picture level headers, and the adaptati on parameter 

sets so as to generate a coded bitstream together w ith picture 

data, as illustrated in Fig. 15.  Each picture data  consists 

of one or more slice data, and each slice data is a  combination 

of a slice level header and coded data as mentioned  above in 25 

the corresponding slice. 

[0115] 

The sequence level header is a combination of piece s of 

header information which are typically common on a per sequence 

basis, the pieces of header information including t he image size, 30 
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the chrominance signal format, the bit depths of th e signal 

values of the luminance signal and the color differ ence signals, 

and the enable flag information about each of the f iltering 

processes (the adaptive filtering process, the pixe l adaptive 

offset process, and the deblocking filtering proces s) which are 5 

carried out on a per sequence basis by the loop fil ter unit 11.  

Each picture level header is a combination of piece s of header 

information which are set on a per picture basis, t he pieces 

of header information including an index indicating  a sequence 

level header to be referred to, the number of refer ence pictures 10 

at the time of motion compensation, and a probabili ty table 

initialization flag for entropy encoding.  Each sli ce level 

header is a combination of parameters which are set  on a per 

slice basis, the parameters including position info rmation 

showing at which position of the picture the corres ponding slice 15 

exists, an index indicating which picture level hea der is to 

be referred to, the coding type of the slice (all i ntra coding, 

inter coding, or the like), an index indicating the  adaptation 

parameter set which is used by the corresponding sl ice, and the 

flag information showing whether or not to carry ou t each of 20 

the filtering processes (the adaptive filtering pro cess, the 

pixel adaptive offset process, and the deblocking f iltering 

process) in the loop filter unit 11 using the adapt ation 

parameter set indicated by the above-mentioned inde x. 

[0116] 25 

Each adaptation parameter set has parameters (filte r 

parameters) associated with the adaptive filtering process, the 

pixel adaptive offset process, and the deblocking f iltering 

process and a parameter (quantization matrix parame ter) 

associated with the quantization matrix, and also h as an index 30 
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(aps_id) which makes it possible for each of a plur ality of 

adaptation parameter sets which are multiplexed int o the coded 

bitstream to be identified from others.  Each adapt ation 

parameter set also has flags (present_flag) showing  whether 

filter parameters respectively associated with the adaptive 5 

filtering process, the pixel adaptive offset proces s, and the 

deblocking filtering process and the quantization m atrix 

parameter exist, respectively, and, when each prese nt flag 

shows "enable", has the parameter corresponding to this present 

flag.  Therefore, whether or not each parameter exi sts can be 10 

set up freely in each adaptation parameter set.  Ea ch slice has 

at least one index (aps_id) in its slice level head er, the index 

indicating an adaptation parameter set which is to be referred 

to at the time of carrying out the decoding process  on the slice.  

The quantization process and the inverse quantizati on process, 15 

and the loop filtering process are carried out on e ach slice 

by referring to the corresponding adaptation parame ter set. 

[0117] 

Further, when encoding an adaptation parameter set and 

multiplexing this encoded adaptation parameter set into the 20 

coded bitstream, if an adaptation parameter set hav ing the same 

index (aps_id) already exists in the coded bitstrea m, this 

adaptation parameter set having the index is replac ed by the 

above-mentioned adaptation parameter set which is t he target 

to be encoded.  Therefore, if an already-encoded ad aptation 25 

parameter set is unnecessary when encoding a new ad aptation 

parameter set, by encoding the index indicating the  unnecessary 

adaptation parameter set, overwriting and updating of the 

adaptation parameter set can be carried out.  Becau se it is not 

necessary to increase the number of adaptation para meter sets 30 
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which must be stored, the amount of memory used can  be reduced. 

[0118] 

In addition, when encoding a new sequence level hea der 

(sequence level header 2) at the time of a sequence  change, as 

shown in Fig. 18, the variable length encoding unit  13 disables 5 

all the adaptation parameter sets which have been e ncoded before 

this sequence level header is encoded.  Therefore, in the 

example shown in Fig. 18, a reference to any adapta tion 

parameter set over a sequence level header, such as  a reference 

to an adaptation parameter set 2 for encoding of pi cture data 10 

30, is prohibited.  More specifically, when a param eter in an 

adaptation parameter set is used for a picture to b e processed 

after a new sequence level header (sequence level h eader 2) is 

encoded, it is necessary to encode the parameter as  a new 

adaptation parameter set.  Therefore, an adaptation  parameter 15 

set which is encoded newly when a past adaptation p arameter set 

cannot be used at all because the disabling process  of disabling 

the above-mentioned adaptation parameter set or the  like is 

carried out is the one in which a parameter, such a s a 

quantization matrix, does not refer to the past ada ptation 20 

parameter set, and all the parameters can be decode d by using 

only the adaptation parameter set in question.  By initializing 

an adaptation parameter set by using a sequence lev el header 

at the time of a sequence change this way, when an error occurs 

in the coded bitstream before a new sequence level header is 25 

decoded, the video decoding device can avoid a deco ding error 

caused by a reference to an adaptation parameter se t in the 

stream and therefore can improve the error resistan ce. 

[0119] 

As an alternative, a sequence level header can be 30 
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constructed in such a way as to have an initializat ion flag 

aps_reset_flag for an adaptation parameter set, the reby 

improving the error resistance.  Concretely, only w hen the 

initialization flag aps_reset_flag is set to "enabl e", the 

adaptation parameter set is initialized, whereas wh en the 5 

initialization flag aps_reset_flag is set to "disab le", the 

adaptation parameter set is not initialized.  By pr oviding an 

initialization flag for an adaptation parameter set  as one of 

the parameters of a sequence level header this way,  an adaptive 

initializing process can be carried out, and by car rying out 10 

the initialization only when it is necessary to imp rove the 

error resistance, reduction in the coding efficienc y due to the 

initialization of an adaptation parameter set can b e prevented. 

[0120] 

In addition, when random access according to an IDR  15 

picture or a CRA picture is carried out, in order t o implement 

a speedup of the decoding process and provide an im provement 

in the error resistance, a flag previous_aps_clear_ flag for 

disabling already-encoded adaptation parameter sets  is 

provided as a part of the parameters of each adapta tion 20 

parameter set.  When a flag previous_aps_clear_flag  is set to 

"enable", the variable length encoding unit 13 disa bles the 

adaptation parameter sets encoded before the adapta tion 

parameter set, whereas when a flag previous_aps_cle ar_flag is 

set to "disable", the variable length encoding unit  13 does not 25 

carry out the above-mentioned disabling process. 

[0121] 

Fig. 24 shows an example of the coded bitstream sho wing 

the disabling process of disabling some adaptation parameter 

sets.  It is assumed that for picture data 31 shown  in Fig. 24, 30 
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an encoding (decoding) process is carried out by re ferring to 

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  is formed 5 

in the above-mentioned way, is referred to as an ac cess unit.  

The adaptation parameter sets 1 to 20, which are in cluded in 

the adaptation parameter sets shown in Fig. 24, are  disabled 

by setting the flag previous_aps_clear_flag of only  the 

adaptation parameter set 21 to "enable", a referenc e to any of 10 

the adaptation parameter sets 1 to 20 cannot be mad e for pictures 

to be encoded in order after the IDR picture or the  CRA picture.  

Therefore, when carrying out random access accordin g to the IDR 

picture or the CRA picture, what is necessary is ju st to carry 

out decoding from the sequence level header 2 shown  in Fig. 24.  15 

On the other hand, when a high-speed decoding proce ss at the 

time of random access and a high degree of error re sistance are 

not required, what is necessary is just to always s et the flag 

previous_aps_clear_flag to "disable" so as not to d isable the 

adaptation parameter sets.  Therefore, an adaptive process of 20 

disabling adaptation parameter sets by using a flag  

previous_aps_clear_flag can be implemented. 

[0122] 

In the above-mentioned example, an adaptive process  of 

disabling adaptation parameter sets for random acce ss is 25 

implemented by using the flag previous_aps_clear_fl ag in an 

adaptation parameter set.  As an alternative, an ad aptive 

process of disabling adaptation parameter sets for random 

access can be implemented by providing a flag 

part_aps_clear_flag for disabling some adaptation p arameter 30 
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sets when encoding (decoding) an IDR picture or a C RA picture 

in a sequence level header or a NAL unit.  Concrete ly, if a flag 

part_aps_clear_flag is set to "enable" when encodin g an IDR 

picture or a CRA picture, the variable length encod ing unit 13 

implements an adaptive disabling process of disabli ng 5 

adaptation parameter sets for random access, which is the same 

as that in the case of using a flag previous_aps_cl ear_flag, 

by disabling the adaptation parameter sets precedin g the 

picture data about the picture immediately precedin g the IDR 

picture or the CRA picture.  More specifically, in the example 10 

shown in Fig. 24, by setting the flag part_aps_clea r_flag in 

the sequence level header 2 or the NAL unit of the picture data 

31 to "enable", the adaptation parameter sets prece ding the 

picture data 30 which is the one immediately preced ing the 

picture data 31 are disabled when encoding the pict ure data 31.  15 

Therefore, for pictures to be encoded in order afte r the IDR 

picture or the CRA picture, a reference to any one of the 

adaptation parameter sets 1 to 20 cannot be made.  More 

specifically, the adaptation parameter sets precedi ng the 

access unit including the picture data about the ID R picture 20 

or the CRA picture are disabled, and no reference c an be made. 

Therefore, when carrying out random access accordin g to the IDR 

picture or the CRA picture, what is necessary is ju st to carry 

out decoding from the sequence level header 2 shown  in Fig. 24. 

[0123] 25 

In the above-mentioned explanation, the disabling 

process of disabling adaptation parameter sets is c 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 30 
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can be always carried out when encoding an IDR pict ure or a CRA 

picture.  By doing this way, the code amount is red uced by the 

code amount required to encode a flag as mentioned above.  

Further, the process of referring to a flag as ment ioned above 

when performing the encoding process becomes unnece ssary, and 5 

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 10 

provided a method of constructing a video encoding device that 

provides a parameter aps_group_id in each adaptatio n parameter 

set.  In the above-mentioned video encoding device,  as shown 

in Fig. 27, the above-mentioned parameter is dispos ed in each 

adaptation parameter set, and, when encoding an IDR  picture or 15 

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 

referred to by the IDR picture or the CRA picture.  For example, 20 

in the case shown in Fig. 24, by setting the parame ters 

aps_group_id of the adaptation parameter sets 1 to 20 to zero, 

and also setting the parameters aps_group_id of the  adaptation 

parameter set 21 and subsequent adaptation paramete r sets to 

one, the variable length encoding unit disables the  adaptation 25 

parameter sets 1 to 20 whose parameters aps_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 

referred to by the picture data 31 about the IDR pi cture or the 

CRA picture.  Therefore, the adaptation parameter s ets 1 to 20 30 
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are not referred to by the picture data 31 and subs equent picture 

data. 

[0125] 

By thus carrying out the encoding in such a way as to change 

the value of the parameter aps_group_id of an adapt ation 5 

parameter set according to an IDR picture or a CRA picture, the 

reference to adaptation parameter sets is limited, and the video 

decoding device is enabled to correctly decode a pr edetermined 

picture and subsequent pictures when starting the d ecoding from 

an access unit including the picture data about the  IDR picture 10 

or the CRA picture.  Aps_group_id can be alternativ ely a flag 

having only a value of 0 or 1.  In this case, a sim ilar disabling 

process of disabling adaptation parameter sets can be 

implemented by switching the value of the above-men tioned flag 

which an adaptation parameter set has according to an IDR 15 

picture or a CRA picture from 0 to 1 or from 1 to 0 . 

[0126] 

By using a method of introducing aps_group_id as 

mentioned above, the decoding can be carried out co rrectly even 

when the order of data in the coded bitstream which  is received 20 

by the video decoding device has changed from the o rder of the 

data encoded by the video encoding device from the reason for 

transmitting the coded bitstream while distributing  the coded 

bitstream among a plurality of lines, or the like.  Concretely, 

even in a case in which the coded bitstream in whic h the data 25 

are encoded in the order of Fig. 24 has been change d to the one 

in which the adaptation parameter sets 21 and 22 ar e to be decoded 

before the picture data 30 when reaching the video decoding 

device, as shown in Fig. 28, the adaptation paramet er sets 1 

to 20 whose parameters aps_group_id (=0) differ fro m that of 30 
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the adaptation parameter set 21 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 

mentioned above, when a higher priority is given to  the coding 5 

efficiency than to the error resistance, the reduct ion in the 

coding efficiency due to restrictions imposed on ad aptation 

parameter sets which can be referred to can be prev ented because 

adaptation parameter sets do not need to be disable d by carrying 

out the encoding in such a way that the values of t he parameters 10 

aps_group_id of the adaptation parameter sets are n ot changed 

according to an IDR picture or a CRA picture.  Furt her, the video 

encoding device that has a parameter aps_group_id i n each 

adaptation parameter set can be constructed in such  a way as 

to disable an adaptation parameter set whose parame ter 15 

aps_group_id has a value different from that of a p arameter 

aps_group_id which is to be referred to also when a  picture other 

than IDR pictures and CRA pictures is decoded.  By doing this 

way, the video encoding device can carry out an ada ptive 

disabling process of disabling adaptation parameter  sets by 20 

arbitrarily setting the timing with which to change  the 

parameter aps_group_id of an adaptation parameter s et, and can 

implement an adaptive process having error resistan ce. 

[0127] 

In addition, the video encoding device can be const ructed 25 

in such a way that when encoding an IDR picture or a CRA picture, 

the variable length encoding unit 13 disables the a daptation 

parameter sets having indexes smaller than the inde x (aps_id) 

of an adaptation parameter which is to be referred to by the 

IDR picture or the CRA picture, as another method o f 30 
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implementing the disabling process of disabling ada ptation 

parameter sets according to an IDR picture or a CRA  picture.  

More specifically, in a case in which indexes are a ssigned to 

adaptation parameter sets in the order in which the se adaptation 

parameter sets are encoded in the examples of Figs.  24 and 28, 5 

when the adaptation parameter set 21 is referred to  by the 

picture data 31 about an IDR picture or a CRA pictu re, the 

adaptation parameter sets 1 to 20 having indexes sm aller than 

the index of the adaptation parameter set 21 are di sabled.  

Therefore, the adaptation parameter sets 1 to 20 ar e not 10 

referred to by the picture data 31 and subsequent p icture data, 

and the video decoding device can always and correc tly decode 

a predetermined picture and subsequent pictures whe n starting 

the decoding from the access unit including the pic ture data 

31 about the IDR picture or the CRA picture. 15 

[0128] 

In addition, the variable length encoding unit 13 c an be 

can be constructed in such a way as to, instead of encoding the 

quantization matrix parameter as an adaptation para meter set, 

encode the quantization matrix parameter in a pictu re level 20 

header as a parameter which can be changed on a per  picture basis.  

By doing this way, the variable length encoding uni t can encode 

the quantization matrix parameter and the filter pa rameters in 

independent units respectively.  In this case, the same 

processes as the adaptation parameter set initializ ing process 25 

using a sequence level header and the disabling pro cess of 

disabling adaptation parameter sets according to an  IDR or CRA 

picture, which are explained above, are carried out  also on the 

quantization matrix parameter. 

[0129] 30 
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Further, the variable length encoding unit 13 can b e 

constructed in such a way as to, instead of encodin g the filter 

parameters which are used in the loop filter unit 1 1 as an 

adaptation parameter set, encode the filter paramet ers which 

are used on a per slice basis by directly using the  slice data 5 

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

because it becomes unnecessary to encode indexes ea ch 

indicating an adaptation parameter set which is to be referred 

to at the time of the decoding process on each slic e which is 

one slice level header for the filter parameters wh ich are used 10 

in the loop filter unit 11 when no redundant filter  parameters 

exist between slices, the code amount of the indexe s can be 

reduced and the coding efficiency can be improved. 

[0130] 

Next, the processing carried out by the intra predi ction 15 

unit 4 will be explained in detail.  Fig. 7 is an e 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
n in the coding block B n.  In the 

figure, NI shows the number of intra prediction mod es.  In Fig. 20 

7, the index values of the intra prediction modes a nd prediction 

direction vectors represented by each of the intra prediction 

modes are shown.  In the example of Fig. 7, it is d esigned that 

a relative angle between prediction direction vecto rs becomes 

small with increase in the number of selectable int ra prediction 25 

modes. 

[0131] 

The intra prediction unit 4 carries out the intra 

prediction process on each prediction block P i
n by referring 

to the intra prediction parameter of the prediction  block P i
n 30 
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to generate an intra prediction image P INTRAi
n, as mentioned above.  

Hereafter, an intra process of generating an intra prediction 

signal of a prediction block P i
n in the luminance signal will 

be explained. 

[0132] 5 

It is assumed that the size of the prediction block  P i
n 

is l i
n×mi

n pixels.  Fig. 8 is an explanatory drawing showing an 

example of pixels which are used when generating a predicted 

value of each pixel in the prediction block P i
n in the case of 

l i
n=mi

n=4.  Although (2×l i
n+1) already-encoded pixels located 10 

above the prediction block P i
n and (2×m i

n) already-encoded pixels 

located to the left of the prediction block P i
n are set as the 

pixels used for prediction in the example of Fig. 8 , a larger 

or smaller number of pixels than the pixels shown i n Fig. 8 can 

be used for prediction.  Further, although one row or column 15 

of pixels adjacent to the prediction block P i
n are used for 

prediction in the example shown in Fig. 8, two or m ore rows or 

columns of pixels adjacent to the prediction block Pi
n can be 

alternatively used for prediction. 

[0133] 20 

When the index value indicating the intra predictio n mode 

for the prediction block P i
n is 0 (planar prediction), the intra 

prediction unit uses already-encoded pixels adjacen t to the top 

of the prediction block P i
n and already-encoded pixels adjacent 

to the left of the prediction block P i
n so as to determine a 25 

value interpolated according to the distance betwee n these 

pixels and the target pixel to be predicted in the prediction 

block P i
n as a predicted value and generate a prediction ima ge.  

Further, when the index value indicating the intra prediction 

mode for the prediction block P i
n is 2 (average (DC) prediction), 30 
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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 i
n and the already-encoded pixels adjacent to the lef t 

of the prediction block P i
n as the predicted value of each pixel 

in the prediction block P i
n so as to generate a prediction image. 5 

[0134] 

When the index value indicating the intra predictio n mode 

is other than 0 (planar prediction) and 2 (average prediction), 

the intra prediction unit generates a predicted val ue of each 

pixel in the prediction block P i
n on the basis of a prediction 10 

direction vector υp=(dx, dy) shown by the index value.  As shown 

in Fig. 9, when the relative coordinates of each pi xel in the 

prediction block P i
n are expressed as (x, y) with the pixel at 

the upper left corner of the prediction block P i
n being defined 

as the point of origin, each reference pixel which is used for 15 

prediction is located at a point of intersection of  L shown below 

and an adjacent pixel. 

where k is a negative scalar value. 

[0135] 

When a reference pixel is at an integer pixel posit ion, 20 

the value of the corresponding integer pixel is det ermined as 

the predicted value of the target pixel to be predi cted, whereas 

when a reference pixel is not at an integer pixel p osition, the 

value of an interpolation pixel generated from the integer 

pixels which are adjacent to the reference pixel is  determined 25 

as the predicted value of the target pixel to be pr edicted.  In 

the example shown in Fig. 8, because a reference pi xel is not 
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located at an integer pixel position, the predicted  value is 

interpolated from the values of two pixels adjacent  to the 

reference pixel.  The intra prediction unit can use  not only 

the adjacent two pixels but also one or more adjace nt pixels 

to generate an interpolation pixel and determine th e value of 5 

this interpolation pixel as the predicted value.  W hile the 

increase in the number of pixels used for the inter polation 

process provides an advantage of improving the accu racy of 

interpolation of an interpolation pixel, because th e degree of 

complexity of computations required for the interpo lation 10 

process increases with the increase in the number o f pixels used 

for the interpolation process, it is preferable to generate an 

interpolation pixel from a larger number of pixels in a case 

in which the video encoding device requires high co ding 

performance even if the arithmetic load is large. 15 

[0136] 

Through the process described above, the intra pred iction 

unit generates prediction pixels for all the pixels  of the 

luminance signal in the prediction block P i
n, and outputs an 

intra prediction image P INTRAi
n.  The intra prediction parameter 20 

(intra prediction mode) used for the generation of the intra 

prediction image P INTRAi
n is outputted to the variable length 

encoding unit 13 in order to multiplex the intra pr ediction 

parameter into the bitstream. 

[0137] 25 

Like in the case of performing a smoothing process on a 

reference image at the time of carrying out an intr a prediction 

on an 8×8-pixel block in an image which complies wi th MPEG-4 

AVC/H.264 explained previously, even in a case in w hich an 

already-encoded pixel adjacent to the prediction bl ock P i
n on 30 
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which a smoothing process is carried out is provide d as the 

reference pixel at the time of generating an interm ediate 

prediction image of the prediction block P i
n, the intra 

prediction unit 4 can carry out the filtering proce ss which is 

the same as the above-mentioned example on the inte rmediate 5 

prediction image. 

[0138] 

The intra prediction unit also carries out an intra  

prediction process based on the intra prediction pa rameter 

(intra prediction mode) on each of the color differ ence signals 10 

of the prediction block P i
n according to the same procedure as 

that according to which the intra prediction unit c arries out 

the intra prediction process on the luminance signa l, and 

outputs the intra prediction parameter used for the  generation 

of the intra prediction image to the variable lengt h encoding 15 

unit 13.  However, selectable intra prediction para meters 

(intra prediction modes) for each of the color diff erence 

signals can differ from those for the luminance sig nal.  For 

example, in the case of a YUV 4:2:0 format, each of  the color 

difference signals (U and V signals) is the one who se resolution 20 

is reduced to one-half that of the luminance signal  (Y signal) 

both in a horizontal direction and in a vertical di rection, and 

the complexity of each of the color difference sign als is lower 

than that of the luminance signal and hence a predi ction can 

be carried out on each of the color difference sign als more 25 

easily than on the luminance signal.  Therefore, by  reducing 

the number of selectable intra prediction parameter s (intra 

prediction modes) for each of the color difference signals to 

be smaller than that for the luminance signal, a re duction in 

the code amount required to encode the intra predic tion 30 
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parameter (intra prediction mode) and a reduction i n the amount 

of computations required to carry out the predictio n process 

can be implemented. 

[0139] 

Next, the processing carried out by the video decod ing 5 

device shown in Fig. 3 will be explained concretely .  When 

receiving the bitstream generated by the video enco ding device 

shown in Fig. 1, the variable length decoding unit 31 carries 

out a variable length decoding process on the bitst ream (step 

ST21 of Fig. 4) and decodes the header information (sequence 10 

level header) about each sequence consisting of one  or more 

frames of pictures, such as the information about t he frame size, 

the header information about each picture (picture level 

header), and the filter parameters for use in the l oop filter 

unit 38 and the quantization matrix parameter, whic h are encoded 15 

as an adaptation parameter set.  At this time, from  the 

quantization matrix parameter in each adaptation pa rameter set 

variable-length-decoded by the variable length deco ding unit 

31, the video decoding device specifies the quantiz ation matrix 

of the adaptation parameter set.  Concretely, for e ach of the 20 

chrominance signals and for each coding mode at eac h orthogonal 

transformation size, the video decoding device spec ifies the 

quantization matrix for which the quantization matr ix parameter 

is prepared, as an initial value, in advance and in  common 

between the video encoding device and the video dec oding device.  25 

As an alternative, when the quantization matrix par ameter shows 

that the quantization matrix is an already-decoded one (the 

quantization matrix is not a new one), the video de coding device 

specifies the quantization matrix by referring to t he index 

information specifying which quantization matrix in  the 30 
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above-mentioned matrices included in the above-ment ioned 

adaptation parameter set is the quantization matrix , and, when 

the quantization matrix parameter shows that a new quantization 

matrix is used, specifies, as a quantization matrix  to be used, 

the quantization matrix included in the quantizatio n matrix 5 

parameter.  The video decoding device then decodes the header 

information (slice level header) about each slice, such as the 

slice partitioning information, from each slice dat a which 

constructs the data about each picture, and decodes  the coded 

data about each slice.  At this time, the video dec oding device 10 

specifies the adaptation parameter set which is to be used for 

each slice by referring to the index (aps_id) of th e adaptation 

parameter set existing in the slice level header.  In the case 

in which the video encoding device shown in Fig. 1 encodes the 

filter parameters which are used on a per slice bas is by directly 15 

using slice data, instead of encoding the filter pa rameters 

which are used by the loop filter unit 38 as an ada ptation 

parameter set, the video decoding device decodes th e filter 

parameters which are used by the loop filter unit 3 8 from the 

slice data. 20 

[0140] 

The variable length decoding unit 31 also determine s the 

largest coding block size and the upper limit on th e number of 

hierarchies of the partitioning which are determine d by the 

encoding controlling unit 2 of the video encoding d evice shown 25 

in Fig. 1 according to the same procedure as that a ccording to 

which the video encoding device does (step ST22).  For example, 

when the largest coding block size and the upper li mit on the 

number of hierarchies of the partitioning are deter mined 

according to the resolution of the video signal, th e variable 30 
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length decoding unit determines the largest coding block size 

on the basis of the decoded frame size information and according 

to the same procedure as that according to which th e video 

encoding device does.  When the largest coding bloc k size and 

the upper limit on the number of hierarchies of the  partitioning 5 

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 

as the largest decoding block size, and a largest c oding block 10 

is referred to as a largest decoding block in the v ideo decoding 

device.  The variable length decoding unit 31 decod es the 

partitioning state of a largest decoding block as s hown in Fig. 

6 for each determined largest decoding block.  The variable 

length decoding unit hierarchically specifies decod ing blocks 15 

(i.e., blocks corresponding to "coding blocks" whic h are 

processed by the video encoding device shown in Fig . 1) on the 

basis of the decoded partitioning state (step ST23) . 

[0141] 

The variable length decoding unit 31 then decodes t he 20 

coding mode assigned to each decoding block.  The v ariable 

length decoding unit partitions each decoding block  into one 

or more prediction blocks each of which is a unit f or prediction 

process on the basis of the information included in  the decoded 

coding mode, and decodes the prediction parameter a ssigned to 25 

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 

decoding unit 31 decodes the intra prediction param eter for each 30 
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of the one or more prediction blocks which are incl uded in the 

decoding block and each of which is a unit for pred iction process.  

In contrast, when the coding mode assigned to a dec oding block 

is an inter coding mode, the variable length decodi ng unit 

decodes the inner prediction parameter and the moti on vector 5 

for each of the one or more prediction blocks which  are included 

in the decoding block and each of which is a unit f or prediction 

process (step ST24). 

[0143] 

The variable length decoding unit 31 further decode s the 10 

compressed data (transformed and quantized transfor m 

coefficients) of each orthogonal transformation blo ck on the 

basis of the orthogonal transformation block partit ioning 

information included in the prediction difference c oding 

parameters (step ST24). 15 

[0144] 

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

variable length decoding unit 31 is an intra coding  mode (when 

m(Bn) ∈INTRA), the select switch 33 outputs the intra pred iction 

parameter of each prediction block, which is 20 

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 n) variable-length-decoded by the variable 

length decoding unit 31 is an inter coding mode (wh en m(B n)

∈ INTER), the select switch outputs the inter predict ion 25 

parameter and the motion vector of each prediction block, which 

are variable-length-decoded by the variable length decoding 

unit 31, to the motion compensation unit 35. 

[0145] 

When the coding mode m(B n) variable-length-decoded by the 30 
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variable length decoding unit 31 is an intra coding  mode (m(B n)

∈INTRA) (step ST25), the intra prediction unit 34 re ceives the 

intra prediction parameter of each prediction block  outputted 

from the select switch 33, and carries out an intra  prediction 

process on each prediction block P i
n in the decoding block B n 5 

using the above-mentioned intra prediction paramete r while 

referring to the decoded image stored in the memory  37 for intra 

prediction to generate an intra prediction image P INTRAi
n 

according to the same procedure as that which the i ntra 

prediction unit 4 shown in Fig. 1 uses (step ST26).  10 

[0146] 

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

variable length decoding unit 31 is an inter coding  mode (m(B n) 

∈INTER) (step ST25), the motion compensation unit 35  receives 

the motion vector and the inter prediction paramete r of each 15 

prediction block which are outputted from the selec t switch 33, 

and carries out an inter prediction process on each  prediction 

block P i
n 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 ed in the 20 

motion-compensated prediction frame memory 39 and o n which the 

filtering process is carried out to generate an int er prediction 

image P INTERi
n (step ST27). 

[0147] 

When receiving the compressed data and the predicti on 25 

difference coding parameters from the variable leng th decoding 

unit 31, the inverse quantization/inverse transform ation unit 

32 inverse-quantizes the compressed data about each  orthogonal 

transformation block by referring to the quantizati on parameter 

and the orthogonal transformation block partitionin g 30 
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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 unit 8 shown in Fig. 1 does.  At thi s time, the 

inverse quantization/inverse transformation unit re fers to 5 

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 

carried out on the corresponding slice by using the  quantization 

matrix, carries out the inverse quantization proces s by using 10 

the quantization matrix. 

[0148] 

At this time, the inverse quantization/inverse 

transformation unit specifies the quantization matr ix which is 

to be used for each of the chrominance signals and for each coding 15 

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 

from the slice level header, for the adaptation par ameter set 20 

which is referred to by the slice currently being p rocessed is 

set as the quantization matrix to be used for the s lice.  The 

inverse quantization/inverse transformation unit 32  also 

carries out an inverse orthogonal transformation pr ocess on the 

transform coefficients of each orthogonal transform ation block 25 

which are the compressed data which the inverse 

quantization/inverse transformation unit inverse-qu antizes to 

calculate a decoded prediction difference signal wh ich is the 

same as the local decoded prediction difference sig nal 

outputted from the inverse quantization/inverse 30 
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transformation unit 8 shown in Fig. 1 (step ST28). 

[0149] 

The adding unit 36 adds the decoded prediction diff erence 

signal calculated by the inverse quantization/inver se 

transformation unit 32 and either the intra predict ion image 5 

PINTRAi
n generated by the intra prediction unit 34 or the i nter 

prediction image P INTERi
n generated by the motion compensation 

unit 35 to calculate a decoded image and output the  decoded image 

to the loop filter unit 38, and also stores the dec oded image 

in the memory 37 for intra prediction (step ST29).  This decoded 10 

image is a decoded image signal which is used at th e time of 

subsequent intra prediction processes. 

[0150] 

When completing the processes of steps ST23 to ST29  on 

all the decoding blocks B n (step ST30), the loop filter unit 15 

38 carries out a predetermined filtering process on  the decoded 

image outputted from the adding unit 36, and stores  the decoded 

image filtering-processed thereby in the motion-com pensated 

prediction frame memory 39 (step ST31).  Concretely , the loop 

filter unit carries out a filtering (deblocking fil tering) 20 

process of reducing a distortion occurring at a bou ndary between 

orthogonal transformation blocks and a distortion o ccurring at 

a boundary between prediction blocks, a process (pi xel adaptive 

offset process) of adaptively adding an offset to e ach pixel, 

an adaptive filtering process of adaptively switchi ng among 25 

linear filters, such as Wiener filters, and perform ing the 

filtering process, and so on.  However, for each of  the 

above-mentioned filtering processes including the d eblocking 

filtering process, the pixel adaptive offset proces s, and the 

adaptive filtering process, the loop filter unit 38  specifies 30 
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whether or not to carry out the process on the slic e currently 

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 lter unit 

11 of the video encoding device is constructed as s hown in Fig. 5 

11, the loop filter unit 38 is constructed as shown  in Fig. 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 set which is to be referre d to by the 10 

slice currently being processed, and there exists c hange 

information for changing the various parameters use d for the 

selection of the intensity of a filter applied to a  block 

boundary from their initial values, the loop filter  unit carries 

out the deblocking filtering process on the basis o f the change 15 

information.  When no change information exists, th e loop 

filter unit carries out the deblocking filtering pr ocess 

according to a predetermined method. 

[0152] 

In the pixel adaptive offset process, the loop filt er unit 20 

refers to the adaptation parameter set which is to be referred 

to by the slice currently being processed, partitio ns the 

decoded image into blocks on the basis of the block  partitioning 

information included in the adaptation parameter se t, refers 

to the index included in the adaptation parameter s et and 25 

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 30 
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above-mentioned index on a per block basis.  As can didates for 

the class classifying method, class classifying met hods which 

are the same as candidates for the class classifyin g method of 

the pixel adaptive offset process carried out by th e loop filter 

unit 11 are prepared in advance. 5 

[0153] 

The loop filter unit 38 then refers to the offset 

information specifying the offset calculated for ea ch class 

determined on a per block basis and included in the  adaptation 

parameter set, and carries out a process of adding the offset 10 

to the brightness value of the decoded image.  Howe ver, in a 

case in which the pixel adaptive offset process car ried out by 

the loop filter unit 11 of the video encoding devic e is 

constructed in such a way as to always partition th e image into 

blocks each having a fixed size (e.g., largest codi ng blocks) 15 

without encoding the block partitioning information , select a 

class classifying method for each of the blocks, an d carry out 

the adaptive offset process for each class, the loo p filter unit 

38 also carries out the pixel adaptive offset proce ss on each 

block having the same fixed size as that processed by the loop 20 

filter unit 11. 

[0154] 

In the adaptive filtering process, the loop filter unit 

refers to the adaptation parameter set which is to be referred 

to by the slice currently being processed, and, aft er carrying 25 

out a class classification according to the same me thod as that 

used by the video encoding device of Fig. 1, carrie s out the 

filtering process by using the filter for each clas s included 

in the adaptation parameter set on the basis of inf ormation 

about the class classification.  However, in a case  in which 30 
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in the adaptive filtering process carried out by th e loop filter 

unit 11 of the video encoding device, the above-men tioned class 

classification, and the filter design and the filte ring process 

are constructed in such a way as to be carried out on, instead 

of the entire image, each block having a fixed size , e.g., each 5 

largest coding block, the loop filter unit 38 also decodes the 

filter used for each class and carries out the abov e-mentioned 

class classification and the above-mentioned filter ing process 

on each block having a fixed size which is the same  as that 

processed by the loop filter unit 11.  The decoded image on which 10 

the filtering process is carried out by this loop f ilter unit 

38 is a reference image for motion-compensated pred iction, and 

is also a reproduced image. 

[0155] 

When a new sequence level header (sequence level he ader 15 

2) is inserted into some midpoint in the coded bits tream because 

of a sequence change, as shown in Fig. 18, the vari able length 

decoding unit 31 disables all the adaptation parame ter sets 

already decoded when decoding the new sequence leve l header.  

Therefore, in the example shown in Fig. 18, a refer ence to an 20 

adaptation parameter set over a sequence level head er, such as 

a reference to an adaptation parameter set 2 at the  time of 

decoding picture data 30, is not made.  In addition , an 

adaptation parameter set which is decoded when past  adaptation 

parameter sets cannot be used at all through the ab ove-mentioned 25 

disabling process of disabling adaptation parameter  sets or the 

like is the one in which parameters including a qua ntization 

matrix do not refer to a past adaptation parameter set and which 

makes it possible to decode all the parameters by u sing only 

the adaptation parameter set in question.  This res triction can 30 
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prevent a decoding error from occurring as a result  of, when 

an error occurs in a part of the coded bitstream pr eceding the 

new sequence level header, referring to an adaptati on parameter 

set in the part of the bitstream, thereby being abl e to improve 

the error resistance.  However, in the case in whic h the video 5 

encoding device is constructed in such a way as to have an 

initialization flag aps_reset_flag for each adaptat ion 

parameter set in a sequence level header, each adap tation 

parameter set is initialized only when its flag aps _reset_flag 

decoded by the variable length decoding unit 31 is set to 10 

"enable", whereas each adaptation parameter set is not 

initialized when its flag aps_reset_flag is set to "disable."  

By doing this way, the video decoding device can co rrectly 

decode the stream generated by the video encoding d evice that 

carries out the adaptive initializing process using  the 15 

initialization flag aps_reset_flag for each adaptat ion 

parameter set. 

[0156] 

In addition, in the case in which the video encodin g device 

is constructed in such a way as to have, as a part of the 20 

parameters of each adaptation parameter set, a flag  

previous_aps_clear_flag for disabling already-decod ed 

adaptation parameter sets, when a previous_aps_clea r_flag 

decoded by the variable length decoding unit 31 is set to 

"enable", the variable length decoding unit 31 disa bles the 25 

adaptation parameter sets decoded before the adapta tion 

parameter set, whereas when the previous_aps_clear_ flag is set 

to "disable", the variable length decoding unit doe s not carry 

out the above-mentioned disabling process.  More sp ecifically, 

in the example of the coded bitstream shown in Fig.  24, when 30 
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the variable length encoding unit 13 of the video e ncoding 

device has encoded the flag previous_aps_clear_flag  of the 

adaptation parameter set 21 as "enable", the adapta tion 

parameter sets 1 to 20 are disabled and no referenc e to the 

adaptation parameter sets 1 to 20 is made for pictu res to be 5 

encoded in order after an IDR picture or a CRA pict ure.  

Therefore, random access according to the IDR pictu re or the 

CRA picture can be implemented in the decoding from  the sequence 

level header 2 which is the head of the access unit  including 

the picture data 31 about the IDR picture or the CR A picture. 10 

[0157] 

As an alternative, in the case in which the video e ncoding 

device is constructed in such a way as to implement  the disabling 

process of disabling adaptation parameter sets for random 

access by providing a flag part_aps_clear_flag for disabling 15 

some adaptation parameter sets when decoding an IDR  picture or 

a CRA picture in a sequence level header or a NAL u nit, when 

a flag part_aps_clear_flag decoded by the variable length 

decoding unit 31 at the time of decoding an IDR pic ture or a 

CRA picture is set to "enable", the variable length  decoding 20 

unit 31 disables the adaptation parameter sets prec eding the 

picture data about the picture immediately precedin g the IDR 

picture or the CRA picture.  More specifically, in the example 

shown in Fig. 24, when the variable length encoding  unit 13 of 

the video encoding device has encoded the flag 25 

part_aps_clear_flag in the sequence level header 2 or the NAL 

unit of the picture data 31 as "enable", the adapta tion 

parameter sets preceding the picture data 30 which is the 

picture data immediately preceding the picture data  31 are 

disabled when decoding the picture data 31.  Theref ore, no 30 
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reference to the adaptation parameter sets 1 to 20 is made for 

the pictures to be decoded in order after the IDR p icture or 

the CRA picture, and random access according to the  IDR picture 

or the CRA picture can be implemented in the decodi ng from the 

sequence level header 2.  However, in the case in w hich the video 5 

encoding device is constructed in such a way as to always carry 

out the disabling process of disabling adaptation p arameter 

sets when encoding an IDR picture or a CRA picture without 

providing such a flag as above, the video decoding device can 

be constructed in such a way that the variable leng th decoding 10 

unit 31 always carries out the above-mentioned disa bling 

process of disabling adaptation parameter sets when  decoding 

the IDR picture or the CRA picture, thereby being a ble to 

correctly decode the coded bitstream generated by t he 

above-mentioned video encoding device. 15 

[0158] 

In addition, in the case in which the video encodin g device 

is constructed in such a way as to have a parameter  referred 

to as aps_group_id in each adaptation parameter set  as a method 

of implementing the disabling process of disabling adaptation 20 

parameter sets according to an IDR picture or a CRA  picture, 

when decoding the IDR picture or the CRA picture, t he variable 

length decoding unit 31 of the video decoding devic e disables 

an adaptation parameter set having aps_group_id who se value 

differs from that of aps_group_id which another ada ptation 25 

parameter set has, the other adaptation parameter s et being 

referred to by the IDR picture or the CRA picture.  For example, 

in the case shown in Fig. 24, when the video encodi ng device 

encodes the adaptation parameter sets in such a way  as to set 

the parameters aps_group_id of the adaptation param eter sets 30 



104 

 

1 to 20 to zero and also set the parameters aps_gro up_id of the 

adaptation parameter set 21 and subsequent adaptati on parameter 

sets to one, the variable length decoding unit 31 o f the video 

decoding device disables the adaptation parameter s ets 1 to 20 

having parameters aps_group_id (=0) different from the 5 

parameter aps_group_id (=1) of the adaptation param eter set 21 

when the picture data 31 about the IDR picture or t he CRA picture 

refers to the adaptation parameter set 21.  Therefo re, the 

adaptation parameter sets 1 to 20 are not referred to by the 

picture data 31 and subsequent picture data, and th e video 10 

decoding device can always and correctly decode a p redetermined 

picture and subsequent pictures by starting the dec oding from 

the sequence level header 2 which is the head of th e access unit 

including the picture data 31 about the IDR picture  or the CRA 

picture. 15 

[0159] 

In accordance with the method of introducing an 

aps_group_id as mentioned above, when the video enc oding device 

carries out the encoding in such a way as not to ch ange the values 

of the parameters aps_group_id of the adaptation pa rameter sets 20 

according to an IDR picture or a CRA picture while giving a higher 

priority to the coding efficiency than to the error  resistance, 

the video decoding device can also decode the adapt ation 

parameter sets correctly without the adaptation par ameter sets 

being disabled because, when the picture data about  the IDR 25 

picture or the CRA picture refers to an adaptation parameter 

set, there exists no adaptation parameter set havin g a parameter 

aps_group_id whose value differs from that of the p arameter 

aps_group_id of the adaptation parameter set which is referred 

to by the picture data.  Further, in the case in wh ich the video 30 
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encoding device is constructed in such a way as to disable an 

adaptation parameter set having a parameter aps_gro up_id whose 

value differs from that of the parameter aps_group_ id which is 

referred to also when decoding a picture other than  IDR pictures 

or CRA pictures, the variable length decoding unit 31 of the 5 

video decoding device disables an adaptation parame ter set 

having a parameter aps_group_id whose value differs  from that 

of the parameter aps_group_id which is referred to when decoding 

a picture.  By doing in this way, the video decodin g device can 

correctly decode the stream generated by the video encoding 10 

device that implements the adaptive disabling proce ss of 

disabling adaptation parameter sets by arbitrarily setting the 

timing with which to change the parameter aps_group _id of an 

adaptation parameter set. 

[0160] 15 

In addition, in the case in which the variable leng th 

encoding unit 13 of the video encoding device is co nstructed 

in such a way as to, when encoding an IDR picture o r a CRA picture, 

carry out the disabling process of disabling adapta tion 

parameter sets according to the IDR picture or the CRA picture 20 

by using the index (aps_id) of each adaptation para meter set, 

as another method of implementing the disabling pro cess of 

disabling adaptation parameter sets according to an  IDR picture 

or a CRA picture, the variable length decoding unit  31 of the 

video decoding device disables the adaptation param eter sets 25 

having indexes smaller than the index (aps_id) of t he adaptation 

parameter set in question when referring to the ada ptation 

parameter set which is referred to by the IDR pictu re or the 

CRA picture.  More specifically, in the case in whi ch indexes 

are assigned to adaptation parameter sets in the or der in which 30 
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these adaptation parameter sets are encoded in the examples of 

Figs. 24 and 28, when the adaptation parameter set 21 is referred 

to by the picture data 31 about an IDR picture or a  CRA picture, 

the adaptation parameter sets 1 to 20 having indexe s smaller 

than the index of the adaptation parameter set 21 a re disabled.  5 

Therefore, the adaptation parameter sets 1 to 20 ar e not 

referred to by the picture data 31 and subsequent p icture data, 

and the video decoding device can always and correc tly decode 

a predetermined picture and subsequent pictures whe n starting 

the decoding from the access unit including the pic ture data 10 

31 of the IDR picture or the CRA picture. 

[0161] 

In addition, in the case in which the video encodin g device 

is constructed in such a way as to, instead of enco ding the 

quantization matrix parameter as an adaptation para meter set, 15 

encode the quantization matrix parameter in a pictu re level 

header as a parameter which can be changed on a per  picture basis, 

the same processes as the adaptation parameter set initializing 

process using a sequence level header and the disab ling process 

of disabling adaptation parameter sets according to  an IDR or 20 

CRA picture, which are explained above, are carried  out also 

on the quantization matrix parameter. 

[0162] 

As can be seen from the above description, because the 

video encoding device according to this Embodiment 1 is 25 

constructed in such a way that the loop filter unit  11 partitions 

the local decoded image into a plurality of blocks,  selects a 

classification method of carrying out a class class ification 

on a per block basis, carries out a class classific ation on each 

pixel within a block currently being processed by u sing the 30 
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classification method, and also refers to the table  showing the 

indexes respectively corresponding to the combinati ons of 

offset values respectively calculated for classes s o as to 

specify the index corresponding to the combination of offset 

values one of which is to be added to the pixel val ue of each 5 

pixel on which the class classification is carried out while 

carrying out the pixel adaptive offset process of a dding the 

offset value to the above-mentioned pixel value, an d the 

variable length encoding unit 13 encodes the index indicating 

the classification method of carrying out a class 10 

classification on a per block basis, which is selec ted by the 

loop filter unit 11, and the index corresponding to  the 

combination of offset values specified by the loop filter unit 

11 as filter parameters, there is provided an advan tage of being 

able to implement a high-accuracy distortion compen sation 15 

process while reducing the code amount required to encode the 

offset information. 

[0163] 

Further, because the video decoding device accordin g to 

this Embodiment 1 has the table for specifying an o ffset value 20 

for each class of the pixel adaptive offset process  carried out 

by the loop filter unit 38 thereof, and specifies t he offset 

value from the decoded table index information and the 

above-mentioned table, there is provided an advanta ge of being 

able to correctly decode the bitstream encoded by t he video 25 

encoding device in which the offset value for each class of the 

pixel adaptive offset process carried out by the lo op filter 

unit 11 is tablized. 

[0164] 

Embodiment 2. 30 
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Although the high-accuracy distortion compensation 

process of reducing the code amount required to enc ode the 

offset information by tablizing the combination of offsets 

calculated respectively for the classes of the pixe l adaptive 

offset process carried out by the loop filter unit 11 is 5 

explained in above-mentioned Embodiment 1, a method  of reducing 

the code amount required to encode the offset infor mation 

without using any table will be explained in this E mbodiment 

2. 

[0165] 10 

Because this Embodiment 2 differs from Embodiment 1  only 

in a method of calculating an offset to be added to  each pixel 

belonging to each class in the pixel adaptive offse t processes 

carried out by the loop filter unit 11 and the loop  filter unit 

38 according to above-mentioned Embodiment 1, and o ffset 15 

information to be encoded, only the difference will  be 

explained. 

[0166] 

An offset calculation process for each class accord ing 

to an EO method is defined as follows. 20 

OFFSET0 = 0 

OFFSET1 = X 

OFFSET2 = [X/2] 

OFFSET3 = -[X/2] 

OFFSET4 = -X 25 

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

parameter determining the offset value, and [n] sho ws the 

integral part of a real number n. 

[0167] 

By defining the offset calculation process this way , it 30 
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is not necessary to encode the offset value for eac h class, and 

what is necessary is just to encode the parameter X  as offset 

information.  Therefore, the code amount can be red uced.  In 

addition, there is an advantage of eliminating the necessity 

to provide a memory required to store the table as compared with 5 

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

the table showing the combinations of offsets calcu lated 

respectively for classes.  Also for a BO method, an  offset for 

each class can be similarly defined by using one pa rameter.  An 

example of setting the number L BO of classes to three will be 10 

shown below. 

OFFSET0 = [Y/2] 

OFFSET1 = Y 

OFFSET2 = [Y/2] 

where Y shows a parameter determining an offset val ue, and [n] 15 

shows the integral part of a real number n.  At thi s time, 

according to an encoding method of encoding the abo ve-mentioned 

parameters X and Y which the variable length encodi ng unit 13 

uses, by setting up the range of values which each of the 

parameters can have in advance and in common betwee n the video 20 

encoding device and the video decoding device, high -efficiency 

encoding can be carried out by using a binarization  method which 

takes into consideration the range of values which a symbol to 

be encoded, such as a truncated unary code shown in  Fig. 25, 

has.  In contrast, when the range of values which e ach of the 25 

parameters can have is not set up in advance, a cod e which can 

be binarized without taking into consideration the range of 

values of a symbol to be encoded, such as a unary c ode shown 

in Fig. 26, is used. 

[0168] 30 
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Although the offset for each class is defined by us ing 

only one parameter for both the EO method and the B O method in 

the above-mentioned example, the offset itself for each class 

can be encoded as offset information for either one  of the 

methods.  At this time, according to an encoding me thod of 5 

encoding the above-mentioned offset value which the  variable 

length encoding unit 13 uses, by setting up the ran ge of values 

which the offset can have in advance and in common between the 

video encoding device and the video decoding device , 

high-efficiency encoding can be carried out by usin g a 10 

binarization method which takes into consideration the range 

of values which a symbol to be encoded, such as a t runcated unary 

code shown in Fig. 25, has.  In contrast, when the range of 

values which the offset can have is not set up in a dvance, a 

code which can be binarized without taking into con sideration 15 

the range of values of a symbol to be encoded, such  as a unary 

code shown in Fig. 26, is used.  In general, while the EO method 

has an effect of smoothing noise occurring in an ed ge portion 

of the image, and has a high correlation between th e offset 

values for classes on the basis of a relationship a mong pixels 20 

a, b, and c of each class, the BO method does not h ave a clear 

correlation between classes which is substantially the same as 

that which the EO method has.  Therefore, there is a case in 

which it is more appropriate to define an offset by  using the 

parameter X only for the EO method, while encoding the offset 25 

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 d for each 30 
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of the chrominance signals.  By doing this way, an appropriate 

calculation expression for calculating an offset fo r each class 

can be prepared for each of the chrominance signal signals 

having different signal characteristics, and the im age quality 

improvement effect can be enhanced. 5 

[0169] 

Further, candidates for the above-mentioned paramet ers 

X and Y can be prepared by using a table.  By doing  this way, 

the range of values which each of the parameters X and Y can 

have is limited.  However, when candidate values pr epared in 10 

the table can be set up appropriately, a high-accur acy 

distortion compensation process can be implemented while the 

code amount required to encode the parameters X and  Y is reduced.  

In addition, the methods according to both the embo diments can 

be combined.  For example, the EO method is applied  to the offset 15 

calculation method and the encoding according to 

above-mentioned Embodiment 1, while the BO method i s applied 

to the offset calculation method and the encoding a ccording to 

above-mentioned Embodiment 2 (as an alternative, th e EO method 

is applied to the offset calculation method and the  encoding 20 

according to above-mentioned Embodiment 2, while th e BO method 

is applied to the offset calculation method and the  encoding 

according to above-mentioned Embodiment 1). 

[0170] 

As can be seen from the above description, because the 25 

video encoding device according to this Embodiment 2 is 

constructed in such a way that the loop filter unit  11 partitions 

the local decoded image into a plurality of blocks,  selects a 

classification method of carrying out a class class ification 

on a per block basis, carries out a class classific ation on each 30 
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pixel within a block currently being processed by u sing the 

classification method, and also determines a parame ter for 

calculating an offset value to be added to the pixe l value of 

each pixel on which the class classification is car ried out 

while calculating the offset value from the paramet er and 5 

carrying out the pixel adaptive offset process of a dding the 

offset value to the above-mentioned pixel value, an d the 

variable length encoding unit 13 encodes the index indicating 

the classification method of carrying out a class 

classification on a per block basis, which is selec ted by the 10 

loop filter unit 11, and the parameter for calculat ing an offset 

value, which is determined by the loop filter unit 11, as filter 

parameters, there is provided an advantage of being  able to 

implement a high-accuracy distortion compensation p rocess 

while reducing the code amount required to encode t he offset 15 

information. 

[0171] 

Further, because the video decoding device accordin g to 

this Embodiment 2 specifies the offset value for ea ch class of 

the pixel adaptive offset process carried out by th e loop filter 20 

unit 38 thereof from the single parameter, there is  provided 

an advantage of being able to correctly decode the bitstream 

encoded by the video encoding device in which the o ffset value 

for each class of the pixel adaptive offset process  carried out 

by the loop filter unit 11 is defined by the single  parameter. 25 

[0172] 

While the invention has been described in its prefe rred 

embodiments, it is to be understood that an arbitra ry 

combination of two or more of the above-mentioned e mbodiments 

can be made, various changes can be made in an arbi trary 30 
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component in accordance with any one of the above-m entioned 

embodiments, and an arbitrary component in accordan ce with any 

one of the above-mentioned embodiments can be omitt ed within 

the scope of the invention. 

INDUSTRIAL APPLICABILITY 5 

[0173] 

The present invention is suitable for a system that  needs 

to implement a high-accuracy distortion compensatio n process 

while reducing the code amount required to encode t he offset 

information. 10 

EXPLANATIONS OF REFERENCE NUMERALS 

[0174] 

1 block partitioning unit (block partitioner), 2 en coding 

controlling unit (coding parameter determinator), 3  select 

switch, 4 intra prediction unit (predictor), 5 15 

motion-compensated prediction unit (predictor), 6 s ubtracting 

unit (difference image generator), 7 

transformation/quantization unit (image compressor) , 8 

inverse quantization/inverse transformation unit (l ocal 

decoded image generator), 9 adding unit (local deco ded image 20 

generator), 10 memory for intra prediction (predict or), 11 loop 

filter unit (filter), 12 motion-compensated predict ion frame 

memory (predictor), 13 variable length encoding uni t (variable 

length encoder), 14 slice dividing unit (slice part itioner), 

31 variable length decoding unit (variable length d ecoder), 32 25 

inverse quantization/inverse transformation unit (d ifference 

image generator), 33 select switch, 34 intra predic tion unit 

(predictor), 35 motion compensation unit (predictor ), 36 adding 

unit (decoded image generator), 37 memory for intra  prediction 

(predictor), 38 loop filter unit (filter), 39 30 
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motion-compensated prediction frame memory (predict or), 101 

block partitioning unit, 102 prediction unit, 103 c ompressing 

unit, 104 local decoding unit, 105 adding unit, 106  loop filter, 

107 memory, 108 variable length encoding unit. 

 5 
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CLAIMS 

[1]  A video encoding device comprising: 

a filter that carries out a filtering process on a local 

decoded image which is a result of addition of a di fference image 

decoded from compressed data about an inputted imag e and a 5 

prediction image, and that outputs the local decode d image on 

which the filtering process is carried out as a ref erence image 

used when generating said prediction image; and 

a variable length encoder that variable-length-enco des 

said compressed data and a filter parameter used wh en the 10 

filtering process is carried out by said filter, an d that 

generates a coded bitstream into which coded data a bout said 

compressed data and coded data about said filter pa rameter are 

multiplexed, 

wherein said filter determines a classification met hod 15 

of carrying out a class classification on each codi ng block 

having a largest size, carries out a class classifi cation on 

each pixel within a block in question by using said  

classification method, calculates an offset value f or each 

class, and carries out a pixel adaptive offset proc ess of adding 20 

said offset value to a pixel value of a pixel belon ging to a 

corresponding class, and  said variable length encoder 

variable-length-encodes an index indicating the 

classification method of carrying out a class class ification 

on each coding block having the largest size, the c lassification 25 

method being determined by said filter, and also 

variable-length-encodes a parameter about the offse t value for 

each class determined for each coding block having the largest 

size on a basis of a binarization process using a t runcated unary 

code. 30 
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[2]  The video encoding device according to claim 1 , wherein 

said video encoding device includes:  a slice partitioner that 

partitions an inputted image into slices which are a plurality 

of part images;  a coding parameter determinator that 

determines the largest size of a coding block which  is a unit 5 

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

out and also determines an upper limit on a number of hierarchies 

at a time when a coding block having the largest si ze is 

partitioned hierarchically, and that assigns a codi ng mode to 

each of coding blocks which are partitioned hierarc hically;  10 

a block partitioner that partitions a slice which i s partitioned 

by said slice partitioner into coding blocks each h aving the 

largest size determined by said coding parameter de terminator, 

and that partitions each of said coding blocks hier archically 

into blocks until its number of hierarchies reaches  the upper 15 

limit on the number of hierarchies which is determi ned by said 

coding parameter determinator;  a predictor that carries out 

a prediction process according to the coding mode a ssigned by 

said coding parameter determinator on each of the c oding blocks 

which are partitioned by said block partitioner so as to 20 

generate a prediction image;  a difference image generator that 

generates a difference image between each of the co ding blocks 

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 25 

difference image generated by said difference image  generator 

and quantizes transform coefficients of said differ ence image, 

and that outputs the transform coefficients quantiz ed thereby 

as compressed data; and  a local decoded image generator that 

decodes the difference image from the compressed da ta outputted 30 
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from said image compressor, and adds the difference  image 

decoded and the prediction image generated by said predictor 

so as to generate a local decoded image,  wherein said variable 

length encoder variable-length-encodes the compress ed data 

outputted from said image compressor, the coding mo de assigned 5 

by said coding parameter determinator, a quantizati on matrix 

parameter for generating a quantization matrix used  when the 

transform coefficients are quantized by said image compressor, 

the filter parameter used when the filtering proces s is carried 

out by said filter, and header information of each slice 10 

including information about the partitioning into t he slices 

by said slice partitioner so as to generate a coded  bitstream 

into which the coded data about said compressed dat a, coded data 

about said coding mode, coded data about said quant ization 

matrix parameter, the coded data about said filter parameter, 15 

and coded data about said header information are mu ltiplexed. 

[3]  The video encoding device according to claim 2 , wherein 

when an intra coding mode is assigned, as the codin g mode 

corresponding to a coding block partitioned by the block 

partitioner, by the coding parameter determinator, the 20 

predictor carries out an intra-frame prediction pro cess 

corresponding to said intra coding mode on each pre diction block 

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

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

a prediction image. 25 

[4]  The video encoding device according to claim 3 , wherein 

when an inter coding mode is assigned, as the codin g mode 

corresponding to a coding block partitioned by the block 

partitioner, by the coding parameter determinator, the 

predictor carries out a motion-compensated predicti on process 30 
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on each prediction block which is a unit for predic tion process 

at a time of carrying out the prediction process on  said coding 

block by using a reference image so as to generate a prediction 

image. 

[5]  The video encoding device according to claim 4 , wherein 5 

the coding parameter determinator determines both a  

quantization parameter used when the difference ima ge is 

compressed and a transformation block partitioning state for 

each of the coding blocks, and also determines an i ntra 

prediction parameter or an inter prediction paramet er used when 10 

the prediction process is carried out for each pred iction block 

of said coding block, the predictor carries out an intra-frame 

prediction process by using said intra prediction p arameter 

when an intra coding mode is assigned by said codin g parameter 

determinator and carries out a motion-compensated p rediction 15 

process by using said inter prediction parameter wh en an inter 

coding mode is assigned by said coding parameter de terminator,  

the image compressor carries out the transformation  process on 

the difference image generated by the difference im age 

generator for each transformation block determined by said 20 

coding parameter determinator, and also quantizes t he transform 

coefficients of said difference image by using the quantization 

parameter and the quantization matrix parameter whi ch are 

determined by said coding parameter determinator an d outputs 

the transform coefficients quantized thereby as the  compressed 25 

data about said difference image, and, when 

variable-length-encoding said compressed data, the coding mode, 

said quantization matrix parameter, the filter para meter, and 

the header information of each slice, the variable length 

encoder variable-length-encodes the intra predictio n 30 
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parameter or the inter prediction parameter, which is 

determined by said coding parameter determinator, a nd 

transformation block partitioning information so as  to generate 

the coded bitstream into which the coded data about  said 

compressed data, the coded data about said coding m ode, the 5 

coded data about said quantization matrix parameter , the coded 

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 c oded data 

about said transformation block partitioning inform ation are 10 

multiplexed. 

[6]  A video decoding device comprising: 

a variable length decoder that variable-length-deco des 

compressed data and a filter parameter from coded d ata 

multiplexed into a coded bitstream; and 15 

a filter that carries out a filtering process on a decoded 

image decoded from the compressed data variable-len gth-decoded 

by said variable length decoder by using the filter  parameter 

variable-length-decoded by said variable length dec oder, and 

that outputs the decoded image on which the filteri ng process 20 

is carried out as a reproduced image, 

wherein said variable length decoder 

variable-length-decodes, as a filter parameter, an index 

indicating a classification method of carrying out a class 

classification on each coding block having a larges t size from 25 

the coded data multiplexed into said coded bitstrea m, and also 

variable-length-decodes a parameter about an offset  value for 

each class for each coding block having the largest  size on a 

basis of a binarization process using a truncated u nary code, 

and said filter specifies the classification method  of carrying 30 
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out a class classification on each coding block hav ing the 

largest size by using the index indicating the clas sification 

method of carrying out a class classification on ea ch coding 

block having the largest size, carries out a class 

classification on each pixel by using the classific ation method 5 

of carrying out a class classification, the classif ication 

method corresponding to each coding block having sa id largest 

size, calculates an offset value from the parameter  about the 

offset value for each class for each coding block h aving the 

largest size, and carries out a pixel adaptive offs et process 10 

of adding said offset value to a pixel value of a p ixel belonging 

to a corresponding class. 

[7]  The video decoding device according to claim 6 , wherein 

said video decoding device includes: a variable len gth decoder 

that variable-length-decodes header information abo ut each 15 

slice, a quantization matrix parameter, and a filte r parameter 

from the coded data multiplexed into the coded bits tream, and 

that variable-length-decodes compressed data and a coding mode 

associated with each of coding blocks which are hie rarchically 

partitioned from said coded data; a predictor that carries out 20 

a prediction process according to the coding mode 

variable-length-decoded by said variable length dec oder and 

associated with the coding block so as to generate a prediction 

image; a difference image generator that inverse-qu antizes 

transform coefficients which are compressed data 25 

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 30 
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inverse-quantized thereby so as to generate a diffe rence image 

before compression; and a decoded image generator t hat adds the 

difference image generated by said difference image  generator 

and the prediction image generated by said predicto r so as to 

generate a decoded image. 5 

[8]  The video decoding device according to claim 7 , wherein 

when the coding mode variable-length-decoded by the  variable 

length decoder and associated with the coding block  is an intra 

coding mode, the predictor carries out an intra-fra me 

prediction process corresponding to said intra codi ng mode on 10 

each prediction block which is a unit for predictio n process 

at a time of carrying out the prediction process on  said coding 

block so as to generate a prediction image. 

[9]  The video decoding device according to claim 8 , wherein 

when the coding mode variable-length-decoded by the  variable 15 

length decoder and associated with the coding block  is an inter 

coding mode, the predictor carries out a motion-com pensated 

prediction process on each prediction block which i s a unit for 

prediction process at a time of carrying out the pr ediction 

process on the coding block by using a reference im age so as 20 

to generate a prediction image. 

[10]  The video decoding device according to claim 9, wherein 

when variable-length-decoding the compressed data, the coding 

mode, and an adaptation parameter set from the code d data 

multiplexed into the coded bitstream, the variable length 25 

decoder variable-length-decodes an intra prediction  parameter 

or an inter prediction parameter, and transformatio n block 

partitioning information, when the coding mode 

variable-length-decoded by said variable length dec oder and 

associated with the coding block is an intra coding  mode, the 30 
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predictor carries out the intra-frame prediction pr ocess by 

using said intra prediction parameter, and, when th e coding mode 

variable-length-decoded by said variable length dec oder and 

associated with the coding block is an inter coding  mode, 

carries out the motion-compensated prediction proce ss by using 5 

said inter prediction parameter, and the difference  image 

generator inverse-transforms the transform coeffici ents 

inverse-quantized thereby for each of transformatio n blocks 

acquired from the transformation block partitioning  

information variable-length-decoded by said variabl e length 10 

decoder so as to generate a difference image before  compression. 

[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  a result 

of addition of a difference image decoded from comp ressed data 15 

about an inputted image and a prediction image, and  outputting 

the local decoded image on which the filtering proc ess is 

carried out as a reference image used when generati ng said 

prediction image; and 

a variable length encoding process step of a variab le 20 

length encoder variable-length-encoding said compre ssed data 

and a filter parameter used when the filtering proc ess is 

carried out in said filtering process step, and gen erating a 

coded bitstream into which coded data about said co mpressed data 

and coded data about said filter parameter are mult iplexed, 25 

wherein said filtering process step includes the st eps 

of determining a classification method of carrying out a class 

classification on each coding block having a larges t size, 

carrying out a class classification on each pixel w ithin a block 

in question by using said classification method, ca lculating 30 
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an offset value for each class, and carrying out a pixel adaptive 

offset process of adding said offset value to a pix el value of 

a pixel belonging to a corresponding class, and sai d variable 

length encoding process step includes the steps of 

variable-length-encoding an index indicating the 5 

classification method of carrying out a class class ification 

on each coding block having the largest size, the c lassification 

method being determined in said filtering process s tep, and also 

variable-length-encoding a parameter about the offs et value for 

each class determined for each coding block having the largest 10 

size on a basis of a binarization process using a t runcated unary 

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  a result 15 

of addition of a difference image decoded from comp ressed data 

about an inputted image and a prediction image, and  outputting 

the local decoded image on which the filtering proc ess is 

carried out as a reference image used when generati ng said 

prediction image; and 20 

a variable length encoding process step of a variab le 

length encoder variable-length-encoding said compre ssed data 

and a filter parameter used when the filtering proc ess is 

carried out in said filtering process step, and gen erating a 

coded bitstream into which coded data about said co mpressed data 25 

and coded data about said filter parameter are mult iplexed, 

wherein said filtering process step includes the st eps 

of determining a classification method of carrying out a class 

classification on each coding block having a larges t size, 

carrying out a class classification on each pixel w ithin a block 30 
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in question by using said classification method, de termining 

a parameter for calculating an offset value for eac h class and 

also calculating an offset value for each class fro m said 

parameter, and carrying out a pixel adaptive offset  process of 

adding said offset value to a pixel value of a pixe l belonging 5 

to a corresponding class, and said variable length coding 

process step includes the steps of variable-length- encoding an 

index indicating the classification method of carry ing out a 

class classification on each coding block having th e largest 

size, the classification method being determined by  said 10 

filtering process step, and also variable-length-en coding a 

parameter about the offset value for each class det ermined for 

each coding block having the largest size on a basi s of a 

binarization process using a truncated unary code. 

[13] A video decoding method comprising: 15 

a variable length decoding process step of a variab le 

length decoder variable-length-decoding compressed data and a 

filter parameter from coded data multiplexed into a  coded 

bitstream; 

a filtering process step of a filter carrying out a  20 

filtering process on a decoded image decoded from t he compressed 

data variable-length-decoded in said variable lengt h decoding 

process step by using the filter parameter 

variable-length-decoded in said variable length dec oding 

process step, and outputting the decoded image on w hich the 25 

filtering process is carried out as a reproduced im age, 

wherein said variable length decoding process step 

includes the steps of variable-length-decoding, as a filter 

parameter, an index indicating a classification met hod of 

carrying out a class classification on each coding block having 30 
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a largest size from the coded data multiplexed into  said coded 

bitstream, and also variable-length-decoding a para meter about 

an offset value for each class for each coding bloc k having the 

largest size on a basis of a binarization process u sing a 

truncated unary code, and said filtering process st ep includes 5 

the steps of specifying the classification method o f carrying 

out a class classification on each coding block hav ing the 

largest size by using the index indicating the clas sification 

method of carrying out a class classification on ea ch coding 

block having the largest size, carrying out a class  10 

classification on each pixel by using the classific ation method 

of carrying out a class classification, the classif ication 

method corresponding to each coding block having sa id largest 

size, calculating an offset value from the paramete r for 

calculating the offset value for each class for eac h coding 15 

block having the largest size, and carrying out a p ixel adaptive 

offset process of adding said offset value to a pix el value of 

a pixel belonging to a corresponding class. 
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