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(57) ABSTRACT

A video encoding method wherein an encoded image is used
as a reference image for prediction of an image to be encoded
next, includes generating a restored image by applying a filter
to a local decoded image of an encoded image, setting filter
coefficient information of the filter, encoding the filter coet-
ficient information, encoding specific information indicating
the local decoded image used as a reference image or the
restored image, and storing either the local decoded image or
the restored image as the reference image in a memory based
on the specific information.
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loop_filter_data( ){

filter_size y

filter_size_x

for(cy=0;cy<filter_size_y:cy++){

for(cx=0:cx<filter_size_x:cx++){
filter_coefflcy]ex]

}

filter_block_size

max_layer_level
for(pblk=0; pbik<NumOfParentBlock; pbik++){
valid_block_flag[0][0]=1
for(layer=0;layer<max_layer level:layer++){
for(cbik=0; cblk<NumOfChildBlock[layer]; cblk++){
if(valid_block_flag[layer{cblk]==1){
block_partitioning_flag{pblk][layerlcbik]
if(block_partitioning_flaglpblk][layer][cbik]==1){
for(scblk=0; schbik<4; schlk++){
valid_block_flag[layer+11schlk*4+scbik]=1

}
for(layer=0;layer<=max_layer_levellayer+-+){
for(cblk=0; chik<NumOfChildBlock{layer]; cblk++){
if(valid_block_flag[layer] cblk]==1&&block_partitioning_flag[pblk][layerlcblk]==0){
loop_filter_flag[pblk]layer}{cblk]
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loop_filter_data( }{
filter_size_y

filter_size_x

for(cy=0cy<filter_size y:cy++)

for(cx=0:cx<filter_size_x:cx++)}
filter_coeffleyllcx]

}
filter_block_size
for(pblk=0; pblk<NumOfParentBlock; pblk++)
max_layer_level
valid_block_flag[0][0]=1
for{layer=0;layer<max_layer_levellayer++){
for(cblk=0; chlk<NumQfChildBlock[layer]; cblk++){
if(valid_block_flag[layer]cblk]==1){
block_partitioning_flaglpblk][layerXcblk]
if(block_partitioning_flag[pblk][layercblk]==1){
for(schlk=0; schik<4; schlk++){
valid_block_flag{layer+1][schlk*4-+schlk]=1

}
for(layer=0layer<=max_layer_level:layer++){
for(cblk=0; chlk<NumOfChildBlack(layer]; cblk-++){
if(valid_block_flag[layer][cblk]l==1&&block_partitioning_flag{pblk][layer)cblk]==0){
loop_filter_flaglpbikIllayer][cbik]
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VIDEO ENCODING/DECODING METHOD
AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Applica-
tion No. PCT/JP2008/073636, filed Dec. 25, 2008, which was
published under PCT Article 21(2) in Japanese.

[0002] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2008-058375, filed Mar. 7, 2008; and No. 2008-175694, filed
Jul. 4, 2008, the entire contents of both of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a video encoding/
decoding method and apparatus, in particular, a video encod-
ing/decoding method and apparatus configured so that an
effect of making picture quality improve is obtained, by set-
ting and sending filter coefficient information of a loop filter
on an encoding side and using it on a decoding side.

[0005] 2. Description of the Related Art

[0006] In a video encoding/decoding method for orthogo-
nal-transforming an image in units of a pixel block and quan-
tizing a transform coefficient, picture quality degradation as
referred to as block distortion occurs in a decoded image. In
contrast, a deblocking filter described in G. Bjontegaard,
“Deblocking filter for 4x4 based coding, ITU-T Q.15/SG16
VCEG document, Q15-J-27, May 2000 (Referring to as
“Deblocking filter for 4x4 based coding” hereinafter) allows
to make the block distortion inconspicuous visually and pro-
vide a subjectively good image by applying a lowpass filter to
a block boundary. A block diagram of an encoding/decoding
apparatus provided with a deblocking filter in “Deblocking
filter for 4x4 based coding” is shown in FIG. 34.

[0007] The deblocking filter is referred to as a loop filter as
it is used in a loop of the encoding and decoding apparatus
like a deblocking filter processor 901 of FIG. 34. By using the
loop filter, block distortion of a reference image used for
prediction can be reduced. Encoding efficiency is improved in
the highly compressed bit rate band in which block distortion
is easy to occur particularly.

[0008] However, the deblocking filter is for processing to
reduce degradation occurring due to visual representation by
gradating the block border. Error with respect to an input
image is not always reduced. Conversely, a small texture may
be lost, and picture quality may fall. Further, there is a prob-
lem that picture quality degradation occurring due to the filter
has an effect to prediction image because a filtered image is
used for prediction of an image to be encoded next as a
reference image.

[0009] On one hand, unlike the loop filter, a filter acting on
only an image to be output with a decoder is referred to as a
post filter. The post-filter has a feature that since it does not
use a filtered image as a reference image, the filter has no
affect to prediction image. JP-A 2001 275110 (KOKAI) pro-
vides a video decoding method of changing use of a deblock-
ing filter or use of a post filter dynamically. A block diagram
of an encoding/decoding apparatus for changing loop filter-
ing and post filtering as described in JP-A 2001-275110 (KO-
KAI) is shown in FIG. 35.
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[0010] In the video decoding method described in JP-A
2001-275110 (KOKAI), a deblocking filter processor 902
provided in the video decoding apparatus of FIG. 35 gener-
ates a decoded image subjected to deblocking filtering and
output it as an output image. On one hand, an encoding
parameter extractor 904 extracts a quantization parameter
from encoded data, and a switch 903 controls whether the
filtered image is used as a reference image, based on a value
of the quantization parameter. The switch 903 can be con-
trolled in operation so that the deblocking filter is used as a
loop filter in the high compression bit rate band in which an
effect of the deblocking filtering is high, and the deblocking
filter is used as a post filter in the low compression bit rate
band. However, in JP-A 2001-275110 (KOKAI), since the
similar processing is not carried out on the encoding side,
there is a problem that mismatch occurs on the encoding side
and the decoding side. Further, because it is not an object for
improving picture quality of a reference image on the encod-
ing side, an effect improving an encoding efficiency cannot be
obtained.

[0011] On one hand, S. Wittmann and T. Wdi, “Post-filter
SEI message for 4:4:4 coding”, JVT of ISO/IEC MPEG &
ITU-T VCEG, JVT-S030, April 2006 (“Post-filter SEI mes-
sage for 4:4:4 coding” is referred to as hereinafter) describes
a video encoding/decoding method for setting and encoding
filter coefficient information of a post-filter on the encoding
side, and performing post filter processing using the filter
coefficient information decoded on the decoding side. A
block diagram of a video encoding/decoding apparatus in
“Post-filter SEI message for 4:4:4 coding” is shown in FIG.
36.

[0012] The post-filter setting adjuster 905 provided on the
video encoding apparatus of FIG. 36 sets given filter coeffi-
cient information and outputs filter coefficient information
90. The filter coefficient information 90 is encoded, decoded
on the decoding side, and subjected to post-filtering by using
the post filter processor 906 provided on the video decoding
apparatus.

[0013] Thevideo encoding/decoding manner in “Post-filter
SEI message for 4:4:4 coding” makes it possible to improve
picture quality of the output image to which the post filter is
applied to on the decoding side, by setting filter coefficient
information on the encoding side so that an error between the
decoded image and the input image reduces. However, the
method of “Post-filter SEI message for 4:4:4 coding” is not
for using an image improved in picture quality as a reference
and cannot provide an effect improving an encoding effi-
ciency on the encoding side.

BRIEF SUMMARY OF THE INVENTION

[0014] As described above, the method disclosed by
“Deblocking filter for 4x4 based coding” is not always for
improving picture quality and has a problem of propagating
picture quality degradation occurring due to the filter to a
prediction image.

[0015] Further, the method disclosed by JP-A 2001-275110
(KOKAI) is for changing loop filtering and post filtering only
on the decoding side and has a problem of causing mismatch
between the encoding side and the decoding side.

[0016] Further, the method disclosed by “Post-filter SEI
message for 4:4:4 coding” is for processing of improving
picture quality of an image to output on the decoding side, and
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cannot provide an effect of improving an encoding efficiency
by improving picture quality of a reference image to be used
for prediction.

[0017] It is an object that the present invention provides a
video encoding/decoding method and apparatus for encoding
filter coefficient information set on an encoding side and
decoding the filter coefficient information on a decoding side,
which make it possible to improve an encoding efficiency by
changing loop filter processing by similar processing on the
encoding side and the decoding side, and by improving pic-
ture quality of a reference image to be used for prediction
while suppressing the spread of picture quality degradation.
[0018] One aspect of the invention provides a video encod-
ing method for using an encoded image as a reference image
for prediction of an image to be encoded next, comprising
applying afilterto a local decoded image of an encoded image
to generate a restored image, setting filter coefficient infor-
mation of the filter, encoding the filter coefficient informa-
tion, encoding specific information indicating the local
decoded image used as a reference image or the restored
image, and storing either the local decoded image or the
restored image as a reference image in a memory based on the
specific information.

[0019] Another aspect of the present invention provides a
video decoding method for using a decoded image as a ref-
erence image for prediction of an image to be decoded next,
comprising applying a filter to the decoded image to generate
a restored image, decoding filter coefficient information of
the filter, decoding specific information indicating the
decoded image used as a reference image or the restored
image, and storing the decoded image or the restored image as
a reference image in a memory based on the specific infor-
mation.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0020] FIG.1is ablock diagram of a video encoding appa-
ratus concerning the first embodiment.

[0021] FIG.2is ablock diagram ofa loop filter processor in
the video encoding apparatus concerning the first embodi-
ment.

[0022] FIG. 3 is a block diagram of a switching filter pro-
cessor in the video encoding apparatus concerning the first
embodiment.

[0023] FIG. 4 is a flowchart illustrating an operation of the
video encoding apparatus concerning the first embodiment.
[0024] FIG. 5 is a block diagram of the video decoding
apparatus concerning the first embodiment.

[0025] FIG. 6 is a block diagram of a first switching filter
processor of the video decoding apparatus concerning the
first embodiment.

[0026] FIG.7 is a flowchart illustrating an operation of the
video decoding apparatus concerning the first embodiment.
[0027] FIG.8isablockdiagram ofa second switching filter
processor of the video decoding apparatus concerning the
first embodiment.

[0028] FIG. 9 is a block diagram of a third switching filter
processor of the video decoding apparatus concerning the
first embodiment.

[0029] FIG. 10 is a block diagram of a fourth switching
filter processor of the video decoding apparatus concerning
the first embodiment.

[0030] FIG. 11is a block diagram of a first video encoding
apparatus concerning a second embodiment.
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[0031] FIG. 12 is a block diagram of a switching informa-
tion generation predictor of the first video encoding apparatus
concerning the second embodiment.

[0032] FIG. 13 is a block diagram of a reference switching
predictor of the video encoding apparatus concerning the
second embodiment.

[0033] FIG. 14 is a block diagram of a loop filter processor
of the first video encoding apparatus concerning the second
embodiment.

[0034] FIG. 151s a flowchartillustrating an operation of the
first video encoding apparatus concerning the second
embodiment.

[0035] FIG. 16 is a block diagram of the first video decod-
ing apparatus concerning the second embodiment.

[0036] FIG. 17 is a block diagram of a reference switching
predictor of the first video decoding apparatus concerning the
second embodiment.

[0037] FIG. 18is a flowchartillustrating an operation of the
video decoding apparatus concerning the second embodi-
ment.

[0038] FIG. 19 is ablock diagram of a second video encod-
ing apparatus concerning the second embodiment.

[0039] FIG. 20 is a block diagram of a switching informa-
tion generation predictor of the second video encoding appa-
ratus concerning the second embodiment.

[0040] FIG. 21 is a block diagram of a reference switching
predictor of the second video encoding apparatus concerning
the second embodiment.

[0041] FIG. 22 is a block diagram of a second video decod-
ing apparatus concerning the second embodiment.

[0042] FIG. 23 is a block diagram of a reference switching
predictor of the second video decoding apparatus concerning
the second embodiment.

[0043] FIG. 24 is a block diagram of a video encoding
apparatus concerning a third embodiment.

[0044] FIG. 25 is a block diagram of a loop filter processor
of'the video encoding apparatus concerning the third embodi-
ment.

[0045] FIG. 26 is a block diagram of a switching informa-
tion generation filter processor of the video encoding appa-
ratus concerning the third embodiment.

[0046] FIG. 27 is a flowchartillustrating an operation of the
video encoding apparatus concerning the third embodiment.
[0047] FIG. 28 is a block diagram of a video decoding
apparatus concerning the third embodiment.

[0048] FIG. 29 is a block diagram of a switching informa-
tion generation filter processor of the video decoding appa-
ratus concerning the third embodiment.

[0049] FIG. 30 is a flowchart illustrating an operation of the
video decoding apparatus concerning the third embodiment.
[0050] FIG. 31 is a diagram indicating a syntax structure
concerning the first, second and third embodiments.

[0051] FIG. 32 is a diagram indicating a loop filter data
syntax concerning the first, second and third embodiments.
[0052] FIG. 33 is an example of a reference image when a
loop filter is switched for every macroblock.

[0053] FIG. 34 is a block diagram of an encoding/decoding
apparatus in a non-patent document 1.

[0054] FIG. 35 is a block diagram of an encoding/decoding
apparatus in a patent document 1.

[0055] FIG. 36 is a block diagram of an encoding/decoding
apparatus in a non-patent document 2.
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[0056] FIG. 37 is a block diagram of a switching filter
processor of a video encoding apparatus concerning a fourth
embodiment.

[0057] FIG. 38 is a block diagram of a switching filter
processor of the video decoding apparatus concerning the
fourth embodiment.

[0058] FIG. 39 is a diagram illustrating a lookup table for
determining a block size and a block partition method con-
cerning the fourth embodiment.

[0059] FIG. 40 is a diagram showing an example of a block
partition concerning the fourth embodiment.

[0060] FIG.41is an example of a reference image when the
block partition method concerning the fourth embodiment is
changed.

[0061] FIG. 42 is a diagram illustrating a loop filter data
syntax concerning the fourth embodiment.

[0062] FIG. 43 is a block diagram of a loop filter processor
of'avideo encoding apparatus concerning a fifth embodiment.
[0063] FIG.44is a flowchart illustrating an operation of the
video encoding apparatus concerning the fifth embodiment.
[0064] FIG. 451s ablock diagram of alocal decoded image
filter processor concerning a sixth embodiment.

[0065] FIG. 46 is a block diagram of a video encoding
apparatus concerning a seventh embodiment.

[0066] FIG. 47 is a block diagram of a video decoding
apparatus concerning an eighth embodiment.

[0067] FIG. 48 is a block diagram of an example of predic-
tion image generator concerning the seventh embodiment.
[0068] FIG.49isablock diagram of another example of the
prediction image generator concerning the seventh embodi-
ment.

[0069] FIG. 50 is a diagram illustrating an example of a
layered block partition concerning a ninth embodiment.
[0070] FIG. 51 is a diagram illustrating an example of a
partition tree and a partitioned block concerning the ninth
embodiment.

[0071] FIG. 52 is a diagram illustrating an example of a
partitioned block concerning the ninth embodiment.

[0072] FIG. 53 is a diagram illustrating an example of a
block size of each layer concerning the ninth embodiment.
[0073] FIG. 54 is a diagram illustrating a syntax including
block partition information concerning the ninth embodi-
ment.

[0074] FIG. 55 is a diagram illustrating another syntax
including block partition information concerning the ninth
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0075] There will now be explained an embodiment of the
present invention referring to drawing hereinafter.

First Embodiment

[0076] A video encoding apparatus concerning the first
embodiment is explained referring to FIG. 1. Components of
FIG. 1 are described respectively, hereinafter.

[0077] A video encoding apparatus 1000 shown in FIG. 1
comprises a prediction signal generator 101, a subtracter 102,
a transform/quantization module 103, an entropy encoder
104, an inverse transform/dequantization module 105, an
adder 106, a loop filter processor 107, a reference image
buffer 108, and is controlled by an encoding controller 109.
[0078] The prediction signal generator 101 receives an
encoded reference image signal 19 stored in the buffer 108
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and carries out given prediction processing to output a pre-
diction image signal 11. The prediction processing may use,
for example, temporal prediction by motion prediction/mo-
tion compensation or special prediction from an encoded
pixel in a frame.

[0079] The subtracter 102 calculates a difference between
an acquired input image signal 10 and the prediction image
signal 11 to output a prediction error image signal 12. The
transform/quantization module 103 acquires at first the pre-
diction error image signal and performs transform process-
ing. The transform/quantization module 103 performs
orthogonal transform on the prediction error image signal 12
using, for example, DCT (discrete cosine transform) to gen-
erate a transform coefficient. As another embodiment, the
transform coefficient may be generated by using techniques
such as wavelet transform or independent component analy-
sis. Subsequently, the transform/quantization module 103
performs quantization on the generated transform coefficient
based on a quantization parameter set to the encoding con-
troller 109 described below, and outputs a quantized trans-
form coefficient 13. The quantized transform coefficient 13 is
input to the inverse transform/dequantization module 105 at
the same time as it is input to the entropy encoder 104.
[0080] The inverse transform/dequantization module 105
dequantizes the quantized transform coefficient according to
a quantization parameter set at the encoding controller 109
and subjects the obtained transform coefficients to inverse
transform (for example, inverse discrete cosine transform)
and outputs a prediction error image signal 15. The adder 106
adds the prediction error image signal 15 acquired from the
inverse transform/dequantization module 105 and the predic-
tion image signal 11 generated with the prediction signal
generator 101 and output a local decoded image signal 16.
[0081] The loop filter processor 107 acquires a local
decoded image signal 16 and an input image signal 10, and
outputs a reference image signal 19, filter coefficient infor-
mation 17, and specific information indicating that a local
decoded image or a restored image is used as a reference
image, concretely switching information 18 for switching
between the local decoded image and the restored image.
Detailed description on the loop filter processor 107 will be
described below. The reference image bufter 108 temporally
stores the reference image signal 19 acquired from the loop
filter processor 107. The reference image signal 19 stored in
the reference image buffer 108 is referred to in generating the
prediction image signal 11 with the prediction signal genera-
tor 101.

[0082] On one hand, the entropy encoder 104 receives the
filter coefficient information 17 and the switching informa-
tion 18 as well as quantized transform coefficient 13, and
further other encoding parameters such as prediction mode
information, block size switching information, a motion vec-
tor, and a quantization parameter, and subjects them to
entropy coding (for example, Huffman encoding or arith-
metic coding) to output encoded data 14. The encoding con-
troller 109 performs a feedback control of the number of
encoded bits, a quantization control, and a mode control, in
other words, controls the whole of encoding.

[0083] Subsequently, the loop filter processor 107 of the
video encoding apparatus concerning the first embodiment
will be described in detail in conjunction with FIGS. 2 and 3.
Components of FIGS. 2 and 3 are described hereinafter.
[0084] The loop filter processor 107 shown in FIG. 2 com-
prises a filter setting adjuster 110, a switching filter processor
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111, and a switching information generator 112. Further, the
switching filter processor 111 comprises a filter processor
113 and a loop filter switch module 114 as shown in FIG. 3.
The switch SW of FIG. 3 switches between a terminal A and
a terminal B. The filter setting module 110 receives the local
decoded image signal 16 and the input image signal 10, and
sets given filter coefficient information 17. A method for
setting the filter coefficient information 17 will be described
hereinafter. The filter coefficient information 17 set is input to
the switching filter processor 111 described below and the
entropy encoder 104.

[0085] The switching filter processor 111 comprises a filter
processor 113 and a loop filter switch module 114 inside it. It
receives the local decoded image 16, the filter coefficient
information 17 and the switching information 18 and outputs
the reference image signal 19. The switching information
generator 112 receives the input image signal 10 and the
reference image signal 19 from the switching filter processor
111, and generates the switching information 18 according to
a given switching determination method. The generated
switching information 18 is input to the switching filter pro-
cessor 111 and the entropy encoder 104. The switching deter-
mination method will be described hereinafter.

[0086] The filter processor 113 receives the local decoded
image signal 16 and the filter coefficient information 17, and
performs filter processing on the local decoded image signal
16 according to the filter coefficient information 17 to gener-
ate a restored image signal 20. The generated restored image
signal 20 is input to the loop filter switch module 114
described below. The loop filter switch module 114 receives
the switching information 18, and switches between the ter-
minal A and the terminal B with the inner switch SW accord-
ing to the switching information 18 to output the local
decoded image signal 16 or the restored image signal 20 as the
reference image signal 19.

[0087] The above is configuration of the video encoding
apparatus concerning the first embodiment.

[0088] There will be described in detail an operation of the
loop filter of the video encoding apparatus concerning the
first embodiment in conjunction with FIGS. 1, 2, 3 and 4. FIG.
4 is a flowchartillustrating an operation of the loop filter of the
video encoding apparatus 1000 concerning the first embodi-
ment.

[0089] At first, when the input image signal 10 is input to
the video encoding apparatus 1000 of FIG. 1, the subtracter
102 subtracts the prediction image signal 11 generated with
the prediction signal generator 101 from the input image
signal 10 and generates a prediction error image signal 12.
The generated prediction error image signal 12 is transformed
and quantized with the transform/quantization module 103,
output as a quantized transform coefficient 13, and encoded
with the entropy encoder 104. On one hand, the quantized
transform coefficient 13 is inverse-transformed and dequan-
tized with the inverse transform/dequantization module 105
inside the video encoding apparatus 1000 and output as pre-
diction error image signal 15. The prediction error image
signal 15 is added to the prediction image signal 11 output
from the prediction signal generator 101 with the adder 106,
whereby a local decoded image signal 16 is generated.
[0090] The above serial processing is conventional encod-
ing processing in the video encoding as referred to as so-
called hybrid coding performing prediction processing and
transform processing.
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[0091] There will now be described in detail an operation of
a loop filter which is characteristic processing in the video
encoding apparatus 1000 concerning the first embodiment.
[0092] At first, the filter setting module 110 inside the loop
filter processor 107 of FIG. 2 receives the local decoded
image signal 16 and the input image signal 10, and sets the
filter coefficient information 17 (step S1100). The filter set-
ting module 110 uses a two-dimensional Wienerfilter used for
image restoration conventionally, designs a filter coefficient
so that a mean square error of an image obtained by filtering
the local decoded image signal 16 and the input image signal
10 becomes minimum, and sets a value indicating the
designed filter coefficient and a filter size as the filter coeffi-
cient information 17. The filter setting module 110 outputs
the set filter coefficient information 17 to the filter processor
113 of FIG. 3 and the entropy encoder 104.

[0093] Next, the switching filter processor 111 of FIG. 2
receives the local decoded image signal 16, the filter coeffi-
cient information 17 and the switching information 18, and
outputs the local decoded image signal 16 or the restored
image signal 20 generated with the filter processor 113 as the
reference image signal 19 based on the switching information
18 (steps S1101 to S1109).

[0094] At first, about a case that the local decoded image
signal 16 is used as the reference image signal 19 and a case
that the restored image signal 20 is used as the reference
image signal 19, the switching information generator 112
performs switching determination processing and outputs the
switching information 18 for determining which of the local
decoded image signal 16 or the restored image signal 20 is
used as the reference image signal 19. The inner switch SW of
the loop filter switch module 114 is switched based on the
generated switching information 18 to output the reference
image signal 19. Detailed description of operations from the
step S1101 to the step S1109 in the loop filter processor 107
is described hereinafter.

[0095] At first, the switch SW of the loop filter switch
module 114 of FIG. 3 is connected to the terminal A to input
the local decoded image signal 16 to the switching informa-
tion generator 112 as the reference image signal 19 (step
S1101). Next, the switch SW is connected to the terminal B to
input the restored image signal 20 to the switching informa-
tion generator 112 as the reference image signal 19 (step
S1102). When the switch SW is connected to the terminal B,
the filter processor 113 performs filter processing on the local
decoded image signal 16 based on the filter coefficient infor-
mation 17 to produce a restored image signal 20. As an
example, assuming that a pixel at a position (X, y) on the local
decoded image is assumed to be F(x, y), a width of 2-dimen-
sional filter is W, a filter coefficient is h(ij)(-w=i=w,—
h=j=h,w=W/2,h=H/2), the restored image G(x, y) is
expressed by the following equation.

w  h [Equation 1]
Gl y)= »° 3" h(i, ) Flx+i, y+ )

i=—w j=—h

[0096] Next, the switching information generator 112 of
FIG. 2 calculates a residual square-sum SSD, of the local
decoded image signal 16 and the input image signal 10 and a
residual square-sum SSD of the restored image signal 20 and
the input image signal 10 (step S1103). The switching deter-
mination processing is done for each local region of the
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image. Assuming that the pixel position in the local region is
1, the number of all pixels is N, the local decoded image signal
16 is Fi, the restored image signal 20 is Gi, the input signal is
1i, SSD, and SSDj, are expressed by the following equation.

N [Equation 2]
SSDy = ) (Fi - 1)
i=1

N
SSDp =) (G- 1)}
i=1

[0097] Next, the following switching determination pro-
cessing is done based on SSD, and SSDj (step S1104). If
SSD,, is not more than SSDy, 0 is set to loop_filter_flag which
is the switching information 18 (step S1105). Conversely if
SSD, is more than SSDg, 1 is set to loop_filter_flag (step
S1106). An example of the reference image when the switch-
ing determination processing is done in units of a macroblock
obtained by partitioning the image in units of 16x16 pixels is
shown in FIG. 33. If the local region is assumed to be a
macroblock, N of [equation 2] is 256, and the switching
information 18 are output in units of a macroblock. As
another embodiment, the switching determination processing
may determine the image signal in units of a frame, a slice or
a block having a size different from the macroblock. In that
case, the switching information 18 is output in a unit corre-
sponding to a determination result.

[0098] Next, the loop filter switch module 114 of FIG. 3
receives loop_filter_flag which is the generated switching
information 18 and switches the inner switch SW based on the
value of loop_filter_flag (step S1107). When loop_filter_flag
is 0, the loop filter switch module 114 connects the switch SW
to the terminal A, whereby the local decoded image signal 16
is temporally stored in the reference image buffer 108 as the
reference image signal 19 (step S1108). On one hand, when
loop_filter_flag is 1, the loop filter switch module 114 con-
nects the switch SW to the terminal B, whereby the restored
image signal 20 is temporally stored in the reference image
buffer 108 as the reference image signal 19 (step S1109).
[0099] The above is operations from step S1101 to step
S1109 in the loop filter processor 107.

[0100] At last, the filter coefficient information 17 gener-
ated with the filter setting module 110 and the switching
information 18 generated with the switching information
generator 112 are encoded with the entropy encoder 104, and
multiplexed to a bit stream along with quantized transform
coefficient 13, prediction mode information, block size
switching information, a motion vector, quantization param-
eter, etc., and then transmitted to a video decoding apparatus
to be described below (step S1110).

[0101] There will now be described in detail an overview of
a syntax structure used in the present embodiment about the
encoding method of the filter coefficient information 17 and
the switching information 18 referring to FIG. 31. In the
following example, it is assumed that the filter coefficient
information 17 is set in units of a slice, and the switching
information 18 is set in units of a macroblock.

[0102] A syntax is formed mainly from three parts, and the
high level syntax (1900) contains syntax information of a
higher layer higher than a slice. A slice level syntax (1903)
recites information which is necessary for every slice and a
macroblock level syntax (1907) recites transform coefficient
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data, prediction mode information and a motion vector which
are needed for every macroblock. Each syntax comprises
further detailed syntaxes. A high level syntax (1900) is con-
figured with a sequence level syntax and a picture level syntax
such as a sequence parameter set syntax (1901) and a picture
parameter set syntax (1902), etc. The slice level syntax (1903)
comprises a slice header syntax (1904), a slice data syntax
(1905), a loop filter data syntax (1906), etc. Further, a mac-
roblock level syntax (1907) comprises a macroblock layer
syntax (1908), a macroblock prediction syntax (1909), etc.

[0103] The loop filter data syntax (1906) recites filter coet-
ficient information 17 which is a parameter on the loop filter
of'the present embodiment and the switching information 18
as shown in FIG. 32(a). The filter_coeff[cy][cx] filter of FIG.
32(a) that is the filter coefficient information 17 is a coeffi-
cient of a two-dimensional filter, and filter_size_y and filter_
size_x are values for determining the filter size. The value
indicating the filter size is recited in the syntax, but a prede-
termined fixed value may be used without reciting it in the
syntax as another embodiment. However, when the filter size
is set to a fixed value, it should be noted that the video
encoding apparatus 1000 and a video decoding apparatus
2000 to be described below must use the same value. Further,
loop_filter_flag of FIG. 32(a) is the switching information 18,
and loop_filter_flag of the number of macroblocks (NumOf-
Macroblock) which is a total of macroblocks in a slice are
transferred.

[0104] The above is explanation on an operation concern-
ing the loop filter of the video encoding apparatus 1000.

[0105] Next, a video decoding apparatus corresponding to
the video encoding apparatus 1000 is explained. The video
decoding apparatus concerning the first embodiment is
explained referring to FIG. 5. Components of FIG. 5 are
described respectively hereinafter.

[0106] A video decoding apparatus 2000 shown in FIG. 5
comprises an entropy decoder 201, an inverse transform/
dequantization module 202, a prediction signal generator
203, an adder 204, a switching filter processor 205, a refer-
ence image buffer 206, and is controlled with a decoding
controller 207.

[0107] The entropy decoder 201 decodes a code string of
each syntax of encoded data 14 with respect to each of the
high level syntax, slice level syntax and macroblock level
syntax according to the syntax structure shown in FIG. 31,
and reconstructs the quantized transform coefficient 13, filter
coefficient information 17 and switching information 18.

[0108] The inverse transform/dequantization module 202
receives the quantized transform coefficient 13, and subjects
it to dequantization and inverse orthogonal transform (for
example, inverse discrete cosine transform) to output predic-
tion error image signal 15. The inverse orthogonal transform
is explained here. However, when wavelet transform is done
in the video encoding apparatus 1000, the inverse transform/
dequantization module 202 executes corresponding inverse
quantization and inverse wavelet transform.

[0109] The prediction signal generator 203 acquires a
decoded reference image signal 19 stored in the reference
image buffer 206, and carries out given prediction processing
to output a prediction image signal 11. The prediction pro-
cessing may use, for example, temporal prediction by motion
compensation or special prediction from the decoded pixel in
a frame. However, it should be noted that prediction process-
ing similar to the video encoding apparatus 1000 is executed.
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[0110] The adder 204 adds the acquired prediction error
image signal 15 and the prediction image signal 11 to produce
a decoded image signal 21.

[0111] The switching filter processor 205 receives the
decoded image signal 21, filter coefficient information 17 and
switching information 18, and outputs a reference image sig-
nal 19. The switching filter processor 205 is described in
detail below.

[0112] The reference image buffer 206 temporally stores
the reference image signal 19 acquired from the switching
filter processor 205. The reference image signal 19 stored in
the reference image buffer 206 is referred to when the pre-
diction image signal 11 is generated with the prediction signal
generator 203.

[0113] The decoding controller 207 performs control of
decoding timing and controls the whole decoding.

[0114] Next, the switching filter processor 205 of the video
decoding apparatus concerning the first embodiment is
described in detail referring to FIG. 6. Components of FIG. 6
are described respectively hereinafter.

[0115] The switching filter processor 205A shown in FIG.
6 has a filter processor 208 and a loop filter switch module
209. The switch SW switches between the terminal A and the
terminal B.

[0116] The filter processor 208 receives a decoded image
signal 21 and filter coefficient information 17 reconstructed
with the entropy decoder 201, and filters the decoded image
signal 21 according to the filter coefficient information 17 to
generate a restored image signal 20. The generated restored
image 20 is input to a loop filter switch module 209 described
below, and output as an output image signal 22 at the timing
that the decoding controller 207 manages.

[0117] The loop filter switch module 209 receives switch-
ing information 18 reconstructed with the entropy decoder
201 and switches between the terminal A and the terminal B
by the inner switch SW according to the switching informa-
tion 18 to output the decoded image signal 21 or the restored
image signal 20 as the reference image signal 19.

[0118] The above is configuration of the video decoding
apparatus concerning the first embodiment.

[0119] Next, there will be described in detail an operation
of'the loop filter of the video decoding apparatus concerning
the first embodiment referring to FIGS. 5, 6 and 7. In addition,
FIG. 7 is a flowchart illustrating an operation of the loop filter
of the video decoding apparatus 2000 concerning the first
embodiment.

[0120] At first, when encoded data 14 is input to the video
decoding apparatus 2000 of FIG. 5, the entropy decoder 201
decodes prediction mode information, block size switching
information, a motion vector, quantization parameter, etc. as
well as the transform coefficient 13, filter coefficient infor-
mation 17 and switching information 18 according to the
syntax structure of FIG. 31. Next, the transform coefficient 13
decoded with the entropy decoder 201 is input to the inverse
transform/dequantization module 202, and is dequantized
according to the quantization parameter set with the decoding
controller 207. The dequantized transform coefficient is sub-
jected to inverse orthogonal transform (for example, discrete
cosine transform), whereby a prediction error image signal 15
is reconstructed. The prediction error image signal 15 is
added to the prediction image signal 11 output from the
prediction signal generator 203 with the adder 204, whereby
the decoded image signal 21 is generated.
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[0121] A series of processing described above is conven-
tional decoding processing of the video encoding as referred
to as so-called hybrid encoding which performs prediction
processing and transform processing.

[0122] There will now be described in detail an operation
concerning the loop filter which is characteristic processing
of the video decoding apparatus 2000 concerning the first
embodiment referring to FIGS. 6 and 7.

[0123] At first, the entropy decoder 201 performs entropy-
decoding on the filter coefficient information 17 and the
switching information 18 according to the syntax structure of
FIG. 31 (step S2100). The loop filter data syntax (1906)
belonging to the slice level syntax (1903) of the syntax struc-
ture of FIG. 31 recites the filter coefficient information 17
which is a parameter related to the loop filter of the present
embodiment and the switching information 18, as shown in
FIG. 32(a). The filter_coeff [cy][cx] of FIG. 32(a) which is
the filter coefficient information 17 is a coefficient of a two-
dimensional filter, and filter_size_y and filter_size_x are val-
ues that decide a filter size. The value indicating the filter size
is described in syntax herein, but as another embodiment, a
predetermined fixed value may be used as the filter size with-
out describing the syntax. However, it should be noted that
when the filter size is set to a fixed value, the same value must
be used in the previously described video encoding apparatus
1000 and the video decoding apparatus 2000. Further, loop_
filter_flag of FIG. 32(a) is the switching information 18, and
loop_filter_flag of the number of macroblocks (NumOfMac-
roblock) which is a total of macroblocks in a slice is decoded.
[0124] Next, the filter processor 208 of FIG. 6 receives the
decoded filter coefficient information 17 (step S2101). When
the loop filter switch module 209 receives loop_filter_flag
which is the decoded switching information 18 (step S2102),
it switches the inner switch SW based on value of this loop_
filter_flag (step S2103). When loop_filter_flag is 0, the loop
filter switch module 209 connects the switch SW to the ter-
minal A to store temporally the decoded image signal 21 in
the reference image buffer 206 as the reference image signal
19 (step S2104). On one hand, when loop_filter_flag is 1, the
loop filter switch module 209 connects the switch SW to the
terminal B to store temporally the restored image signal 20 in
the reference image buffer 206 as the reference image signal
19 (step S2105). When the switch SW is connected to the
terminal B, the filter processor 113 filters the decoded image
signal 21 based on the filter coefficient information 17 to
produce a restored image signal 20. As an example, assuming
that the pixel at a position (X, y) on the decoded image is F(x,
y), the width of the two-dimensional filter is W, height thereof
is H, the filter coefficient is h(i,j)(-w=i=w,~h=j=h,w=W/
2,h=H/2), the restored image G(x, y) is expressed by [equa-
tion 1].

[0125] The loop filter switch module 209 receives the
switching information 18 in units of a macroblock according
to the syntax of FIG. 32(a), and switches the switch SW. As
another embodiment, the video encoding apparatus 1000
encodes the switching information 18 in units of a frame or a
slice or in units of a block of the size different from the
macroblock, the video decoding apparatus 2000 executes
decoding of the switching information 18 and switching of
the switch SW of the switching module 209 in similar units.
[0126] The above is explanation on an operation concern-
ing the loop filter of the video decoding apparatus 2000.
[0127] In this way, according to the video encoding appa-
ratus related to the first embodiment, picture quality of the
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restored image can be improved by setting the filter coeffi-
cient information of the loop filter so that an error between the
input image and the prediction signal is minimum. Further,
since the loop filter switch module 114 switches which of the
local decoded image signal 16 or the restored image signal 20
is used as a reference image for every local region, propaga-
tion of picture quality degradation is prevented without using
the restored image signal 20 as a reference image with respect
to the regions degraded in picture quality due to filtering, and
prediction precision can be improved by using the restored
image signal 20 as a reference image with respect to the
regions improving in picture quality.

[0128] Further, according to the video decoding apparatus
2000 related to the first embodiment, since the filter process-
ing and switching processing are performed by using the filter
coefficient information and switching information similar to
the video encoding apparatus 1000, it can be guaranteed that
the reference image of the video decoding apparatus 2000 is
synchronized with the reference image of the video encoding
apparatus 1000.

[0129] In addition, the switching filter processor 205A of
the video decoding apparatus 2000 concerning the first
embodiment outputs the reference image signal 19 as the
image signal 22, but the decoded image signal 21 may be
output as the output image signal 22 like the switching filter
processor 205B of FIG. 8, and the restored image signal 20
may be output as the output image signal 22 like the switching
filter processor 205C of FIG. 9. In this case, the switching
information indicating that the decoded image or the restored
image is used as an output image is generated.

[0130] Further, a post filter switching module 210 may be
provided newly like the switching filter processor 205D of
FIG. 10 to change the output image signal 22 by switching the
switch SW2 by the switching information 18. In this case,
post_filter_flag is recited in the syntax in units of a slice as the
switching information 18 for switching the output image
signal 22 as shown in, for example, FIG. 32(d), and the switch
W2 is switched by it. The post_filter_flag may be described in
units of a frame or a macroblock or in units of a block of the
size different from the macroblock similarly to the loop_
filter_flag.

[0131] In addition, the video encoding apparatus 1000 and
video decoding apparatus 2000 concerning the first embodi-
ment perform filter processing on the local decoded image
signal 16, but they may use the local decoded image signal 16
which has been subjected to conventional deblocking filter
processing.

[0132] In addition, this video encoding apparatus 1000 and
video decoding apparatus 2000 can be realized by using gen-
eral-purpose computer equipment as basic hardware. In other
words, the prediction signal generator 101, subtracter 102,
transform/quantization module 103, entropy encoder 104,
inverse transform/dequantization module 105, adder 106,
loop filter processor 107, reference image buffer 108, encod-
ing controller 109, filter setting module 110, switching filter
processor 111, switching information generator 112, filter
processor 113, loop filter switch module 114, entropy
decoder 201, inverse transform/dequantization module 202,
prediction signal generator 203, adder 204, loop filter proces-
sor 205, reference image buffer 206, decoding controller 207,
filter processor 208, loop filter switch module 209, and real-
izing post filter switching module 210 can be realized by
making a processor mounted on the computer equipment
execute a program. At this time, the video encoding apparatus
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1000 and video decoding apparatus 2000 may be realized by
installing the program in the computer equipment beforehand
or by distributing the program by storing in a storing medium
such as CD-ROM or running through a network and installing
this program in the computer equipment appropriately. Fur-
ther, the reference image buffer 108 and the reference image
buffer 206 can be realized by utilizing appropriately a
memory built-in or externally mounted on the computer
equipment, a hard disk, or a storing medium such as CD-R,
CD-RW, DVD-RAM, DVD-R.

Second Embodiment

[0133] A video encoding apparatus concerning the second
embodiment is explained referring to FI1G. 11.

[0134] Components of FIG. 11 are described respectively
hereinafter.
[0135] A video encoding apparatus 3000 shown in FIG. 11

comprises a switching information generation predictor
301A, a loop filter processor 302, a local decoded image
buffer 303, a restored image buffer 304, a subtracter 102, a
transform/quantization module 103, an entropy encoder 104,
an inverse transform/dequantization module 105, and an
adder 106, and is controlled with an encoding controller 109.
[0136] Since the subtracter 102, transform/quantization
module 103, entropy encoder 104, inverse transform/dequan-
tization module 105, adder 106 and encoding controller 109
operate similarly to components of the same reference num-
bers as those of the video encoding apparatus 1000 of FIG. 1,
and thus further explanation is omitted here.

[0137] The switching information generation predictor
301A comprises a reference switching predictor 305A and a
switching information generator 112 inside it as shown in
FIG. 12. The switching information generator 112 operates
similarly to components of the same reference numbers as
those of the video encoding apparatus concerning the first
embodiment, and thus further explanation is omitted here.
The switching information generation predictor 301A
receives a local decoded image signal 16, a restored image
signal 20 and an input image signal 10, and outputs a predic-
tion image signal 11 and switching information 18.

[0138] The loop filter processor 302 comprises a filter set-
ting module 110 and a filter processor 113 as shown in FIG.
14. The filter setting module 110 and filter processor 113
operates similarly to components of the same reference num-
bers as those of the video encoding apparatus concerning the
first embodiment, and thus further explanation is omitted
here.

[0139] The loop filter processor 302 receives the local
decoded image signal 16 and the input image signal 10, and
outputs a restored image signal 20 and filter coefficient infor-
mation 17. The local decoded image buffer 303 receives the
local decoded image signal 16 generated with the adder 106,
and temporally stores it.

[0140] The local decoded image signal 16 stored in the
local decoded image buffer 303 is input to the switching
information generation predictor 301A. The restored image
buffer 304 receives the restored image signal 20 generated
with the loop filter processor 302, and temporally stores it.
The restored image signal 20 stored in the restored image
buffer 304 is input to the switching information generation
predictor 301A.

[0141] The reference switching predictor 305A comprises
a prediction signal generator 101 and a loop filter switch
module 114 as shown in FIG. 13. The prediction signal gen-
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erator 101 and the loop filter switch module 114 each operate
similarly to components of the same reference numbers as
those of the video encoding apparatus 1000 concerning the
first embodiment, and thus further explanation is omitted
here. The reference switching predictor 305A receives the
local decoded image signal 16, restored image signal 20 and
switching information 18, and performs given prediction pro-
cessing using either the local decoded image signal 16 or the
restored image signal 20 as a reference image, based on the
received switching information 18 to output a prediction
image signal 11. The prediction processing may use, for
example, temporal prediction by motion prediction/motion
compensation or spatial prediction from the encoded pixel in
a frame.

[0142] The above is configuration of the video encoding
apparatus concerning the second embodiment.

[0143] There will be described in detail an operation of the
video encoding apparatus concerning the second embodi-
ment referring to FIGS. 11, 12, 13, 14 and 15, hereinafter. In
addition, FIG. 15 is a flowchart illustrating an operation of the
loop filter of the video encoding apparatus 3000 concerning
the second embodiment.

[0144] At first, prediction, transform, quantization, entropy
encoding are done similarly to conventional hybrid encoding
and the video encoding apparatus 1000 concerning the first
embodiment, and local decoding is performed in the encoding
apparatus to produce a local decoded image signal 16. Next,
the generated local decoded image signal 16 is temporally
stored in the local decoded image buffer 303 (step S3100).
The filter setting module 110 in a loop filter processor 302
receives the local decoded image signal 16 and an input image
signal 10 and sets filter coefficient information 17 (step
S3101). A two-dimensional Wiener filter used for image res-
toration conventionally is used here, a filter coefficient is
designed so that a mean square error between the image
obtained by subjecting the local decoded image signal 16 to
filter processing and the input image signal 10 is minimum,
and a value indicating the designed filter coefficient and a
filter size are set as the filter coefficient information 17. The
set filter coefficient information 17 is output to the filter
processor 113 of the loop filter processor 302 similarly, and
output to the entropy encoder 104.

[0145] The filter processor 113 of the loop filter processor
302 filters the local decoded image signal 16 using the filter
coefficient information 17 acquired from the filter setting
module 110 to produce a restored image signal 20 (step
S3102). The generated restored image signal 20 is temporally
stored in the restored image buffer 304 (step S3103).

[0146] The filter coefficient information 17 generated with
the filter setting module 110 is encoded with the entropy
encoder 104, multiplexed to a bit stream along with the quan-
tized transform coefficient 13, prediction mode information,
block size switching information, a motion vector, quantiza-
tion parameter, etc., and transmitted to the video decoding
apparatus 4000 described below (step S3104). In this time,
the filter coefficient information 17 is recited, as shown in
FIG. 32(b), in the loop filter data syntax (1906) belonging to
the slice level syntax (1903) in the syntax structure of FIG. 31.
The filter_coeff [cy][cx] of FIG. 32(4) which is the filter
coefficient information 17 is a coefficient of a two-dimen-
sional filter, and filter_size_y and filter_size_x are values for
determining a filter size. The value indicating the filter size is
described in the syntax here, but, as another embodiment, a
predetermined fixed value may be used as a filter size without
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describing it in the syntax. However, when the filter size is set
to the fixed value, it should be noted that the similar value
must be used in the video encoding apparatus 3000 and a
video decoding apparatus 4000 described below.

[0147] Next, the switching information generation predic-
tor 301A performs given prediction processing using the local
decoded image signal 16 or the restored image signal 20 as a
reference image, and outputs a prediction image signal 11
(steps S3105 to 3113). At first, the reference switching pre-
dictor 305A acquires a prediction image when the local
decoded image is used as a reference image and a prediction
image when the restored image is used as a reference image
respectively, and the switching information generator 112
performs switching determination processing based on them
and produces switching information 18 for determining
which of the local decoded image or the restored image is
used as a reference image. The reference switching predictor
305A switches the inner switch SW of the loop filter switch
module 114 of FIG. 13 based on the generated switching
information 18, and produces a prediction image signal 11.
Detailed description of operations from step 3105 to step
3113 is described hereinafter.

[0148] Atfirst, thereference switching predictor 305A con-
nects the switch SW of the loop filter switch module 114 of
FIG. 13 to the terminal A. The prediction image signal 11 is
acquired using the local decoded image signal 16 as a refer-
ence image in the prediction signal generator 101 and input to
the switching information generator 112 of FIG. 12 (step
S3105). Next, the reference switching predictor 305A con-
nects the switch SW to the terminal B. The prediction image
signal 11 is acquired using the restored image signal 20 as a
reference image in the prediction signal generator 101 and
input to the switching information generator 112 of FIG. 12
(step S3106).

[0149] The switching information generator 112 calculates
a residual square-sum SSD , of the prediction image derived
from the local decoded image signal 16 and the input image
signal 10, and a residual square-sum SSDj of the prediction
image derived from the restored image signal 20 and the input
image signal 10 (step S3107). Assuming the prediction image
derived from the local decoded image signal 16 is Fi, and the
prediction image derived from the restored image signal 20 is
Gi, the SSD, and the SSDj are expressed by an equation
similar to [equation 2].

[0150] The switching information generator 112 performs
the following switching determination processing based on
the SSD, and SSDg, (step S3108). If SSD, is not more than
SSDy, 0 is set to loop_filter_flag which is the switching
information 18 (step S3109). In contrast, if SSD, is a higher
value than SSDy, 1 is set to loop_filter_flag (step S3110).
Here, the switching determination processing is done for
every macroblock, and the switching information 18 is output
in units of a macroblock. As another embodiment, the switch-
ing determination processing may be determined in units of a
frame or a slice or in units of a block of the size different from
the macroblock. In this case, the switching information 18
also is output in a unit corresponding to a determination
result.

[0151] Further, when prediction processing in the predic-
tion signal generator 101 is motion prediction, the switching
determination processing may use a conventional method as
the motion prediction processing. For example, a cost J
expressed by the following equation, in which the number of
encoded bits R of parameter information such as switching
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information, a reference image index, a motion vector is
added to aresidual square-sum D, is calculated with respect to
each of the local decoded image and the restored image, and
the determination may be performed using the cost J.

J=D+hxR

[0152] A of [equation 3] is given by a constant and deter-
mined based on a quantization width and a value of a quan-
tization parameter. The switching information, reference
image index and motion vector by which the cost J calculated
in this way has the minimum value are encoded. Further, in
the present embodiment, the residual square-sum is used, but
as another embodiment, a residual absolute value sum may be
used, or these may be subjected to Hadamard transform, and
an approximate value may be used. Further, the cost may be
obtained using activity of the input image, and a cost function
may be obtained using a quantization width, a quantization
parameter. Further, the prediction processing is limited to
motion prediction. If the prediction processing is a prediction
necessary for some parameters, the cost ] may be calculated
by the equation by defining the number of encoded bits of the
parameter as R.

[0153] Next, the loop filter switch module 114 of FIG. 13
receives loop_filter_flag which is the generated switching
information 18, and switches the inner switch SW based on
the value of loop_filter_flag (step S3111). When loop_filter_
flag is 0, the loop filter switch module 114 connects the switch
SW to the terminal A, and outputs the local decoded image
signal 16 as the reference image signal 19, and the prediction
image signal 11 is generated with the prediction signal gen-
erator 101 (step S3112). On one hand, when loop_filter_flag
is 1, the loop filter switch module 114 connects the switch SW
to the terminal B, and outputs the restored image signal 20 as
the reference image signal 19, and the prediction image signal
11 is generated with the prediction signal generator 101 (step
S3113).

[0154] The above is the operation from step 3105 to step
3113 in the switching information generation predictor 301A.
[0155] Atlast, the entropy encoder 104 encodes the switch-
ing information 18, and multiplexes it to a bit stream along
with the quantized transform coefficient 13, prediction mode
information, block size switching information, a motion vec-
tor, a quantization parameter, and transmits it to the video
decoding apparatus 4000 described below (step S3114). In
this time, loop_filter_flag which is the switching information
18 is recited in the macroblock layer syntax (1908) belonging
to the macroblock level syntax (1907) in the syntax structure
of FIG. 31 as shown FIG. 32(c).

[0156] The above is explanation on an operation concern-
ing the loop filter of the video encoding apparatus 3000.
[0157] Next, a video decoding apparatus corresponding to
the video encoding apparatus 3000 is explained. The video
decoding apparatus concerning the second embodiment is
explained referring to FIG. 16. Components of FIG. 16 are
described respectively hereinafter.

[0158] The video decoding apparatus 4000 shown in FIG.
16 comprises a reference switching predictor 401A, a
decoded image buffer 402, a restored image buffer 403, an
entropy decoder 201, an inverse transform/dequantization
module 202, an adder 204, and a filter processor 208, and is
controlled with a decoding controller 206.

[0159] The entropy decoder 201, inverse transform/de-
quantization module 202, adder 204, filter processor 208 and
decoding controller 206 operate similarly to components of

[Equation 3]
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the same reference numbers as those of the video decoding
apparatus 2000 concerning the first embodiment, and thus
further explanation is omitted here.

[0160] The reference switching predictor 401 A comprises
a prediction signal generator 203 and a loop filter switch
module 209 as shown in FIG. 17. The prediction signal gen-
erator 203 and the loop filter switch module 209 each operate
similarly to components of the same reference numbers as
those of the video decoding apparatus 2000 concerning the
first embodiment, and thus further explanation is omitted
here. The reference switching predictor 401A receives the
decoded image signal 21, the restored image signal 20, and
the switching information 18 decoded with the entropy
decoder 201, and performs given prediction processing by
using either the decoded image signal 21 or the restored
image signal 20 as a reference image to output a prediction
signal. The prediction processing may use, for example, tem-
poral prediction by motion compensation or spatial predic-
tion from the decoded pixel in a frame. However, it should be
noted that prediction processing similar to the video encoding
apparatus 3000 is executed.

[0161] The decoded image buffer 402 acquires the decoded
image signal 21 generated with the adder 204, and temporally
stores it. The decoded image signal 21 stored in the decoded
image buffer 402 is input to the reference switching predictor
401A. The restored image bufter 403 acquires the restored
image signal 20 generated with the filter processor 208, and
temporally stores it. The restored image signal 20 stored in the
restored image buffer 403 is input to the reference switching
predictor 401A.

[0162] The above is a configuration of the video decoding
apparatus concerning the second embodiment.

[0163] Next, there will be described in detail an operation
of the video decoding apparatus concerning the second
embodiment referring to FIGS. 16, 17 and 18. In addition,
FIG. 18 is a flowchart illustrating an operation of the loop
filter of the video decoding apparatus 4000 concerning the
second embodiment.

[0164] At first, when the encoded data 14 is input to the
video decoding apparatus 4000, the entropy decoder 201
decodes the transform coefficient 13, prediction mode infor-
mation, block size switching information, a motion vector, a
quantization parameter, etc., as well as filter coefficient infor-
mation 17, switching information 18 according to the syntax
structure of FIG. 31 (step S4100).

[0165] The loop filter data syntax (1906) belonging to the
slice level syntax (1903) in the syntax structure of FIG. 31
recites the filter coefficient information 17 as shown in FIG.
32(b). Here, filter_coeff [cy][cx] of FIG. 32() which is the
filter coefficient information 17 is a two-dimensional filter
coefficient, and filter_size_y and filter_size_x decide values
for determining a filter size. The value indicating a filter size
is recited in the syntax here, but as another embodiment, a
predetermined fixed value may be used as a filter size without
reciting it in the syntax. However, when the filter size is set to
a fixed value, it should be noted that the similar value must be
used in the video encoding apparatus 3000 and video decod-
ing apparatus 4000.

[0166] Further, the macroblock layer syntax (1908) belong-
ing to the macroblock level syntax (1907) in the syntax struc-
ture of FIG. 31 recites loop_filter_flag as the switching infor-
mation 18 as shown in FIG. 32(c).

[0167] The transform coefficient 13 decoded with the
entropy decoder 201 is subjected to entropy decoding, inverse
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quantization, and inverse transform similarly to conventional
hybrid encoding or the video decoding apparatus 2000 con-
cerning the first embodiment, and is added to the prediction
image signal 11 output from the reference switching predictor
401A, whereby the decoded image signal 21 is output. The
decoded image signal 21 is output to the filter processor 208,
and temporally stored in the decoded image butfer 402 (step
S4101).

[0168] The filter processor 208 acquires the filter coeffi-
cient information 17 reconstructed with the entropy decoder
201 (step S4102). Further, the filter processor 208 receives the
decoded image signal 21, and filters the decoded image using
the filter coefficient information 17 to produce the restored
image signal 20 (step S4103). The filter processor 208 outputs
the generated restored image signal 20 as an output image
signal 22, and temporally stores it in the restored image buffer
403 (step S4104).

[0169] Next, the reference switching predictor 401A gen-
erates the prediction image signal 11 using the decoded image
signal 21 or the restored image signal 20 as a reference image
(step 4105-4108). There will be explained an operation from
step 4105 to step 4108, hereinafter.

[0170] At first, the reference switching predictor 401A of
FIG. 17 acquires loop_filter_flag which is the decoded
switching information 18 (step S4105). Next, the loop filter
switch module 209 inside the reference switching predictor
401A switches the switch SW based on the acquired loop_
filter_flag (step S4106). When loop_filter_flag is 0, the loop
filter switch module 209 connects the switch SW to the ter-
minal A, acquires the decoded image signal 21 as the refer-
ence image signal 19, and sends it to the prediction signal
generator 203. The prediction signal generator 203 generates
the prediction image signal 11 based on the reference image
signal 19 corresponding to the decoded image signal 21 (step
S4107). On one hand, when loop_filter_flag is 1, the loop
filter switch module 209 connects the switch SW to the ter-
minal B, acquires the restored image signal 20 as the refer-
ence image signal 19, and sends it to the prediction signal
generator 203. The prediction signal generator 203 generates
the prediction image signal 11 based on the reference image
signal 19 corresponding to the restored image signal 21 (step
S4108).

[0171] The above is an operation from step S4105 to step
S4108 in the reference switching predictor 401A.

[0172] The reference switching predictor 401A acquires
the switching information 18 in units of amacroblock accord-
ing to the syntax of FIG. 32(c), and switches the switch SW,
here. As another embodiment, when the video encoding appa-
ratus 3000 encodes the switching information 18 in units of a
frame or a slice or in units of a block of the size different from
the macroblock, the video decoding apparatus 4000 executes
decoding of the switching information 18 and switching of
the switch SW in the loop filter switch module 209 in the
similar unit.

[0173] The above is explanation on an operation concern-
ing the loop filter of the video decoding apparatus 4000.
[0174] In this way, according to the video encoding appa-
ratus related to the second embodiment, the picture quality of
the reference image can be improved by doing the filter pro-
cessing by setting filter coefficient information of the loop
filter so that an error between the input image and the predic-
tion signal is minimum. Further, by switching either the local
decoded image signal 16 or the restored image signal 20 as a
reference image for the prediction processing with the loop
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filter switch module 114 provided inside the switching infor-
mation generation predictor 301A, propagation of picture
quality degradation is prevented without using the restored
image signal 20 as a reference image with respect to the
regions degraded in picture quality due to filtering, and pre-
diction precision can be improved by using the restored image
signal 20 as a reference image with respect to the regions
improving in picture quality.

[0175] Further, according to the video decoding apparatus
4000 related to the second embodiment, by performing the
filter processing and switching of the reference image using
the filter coefficient information and the switching informa-
tion similarly to the video encoding apparatus 3000, it can be
guaranteed that the reference image in the video decoding
apparatus 4000 synchronizes with the reference image in the
video encoding apparatus 3000.

[0176] Inaddition, the video decoding apparatus 4000 con-
cerning the second embodiment outputs the restored image
20 generated with the filter processor 208 as the output image
signal 22, but, as other embodiments, may output the decoded
image signal 21 as the output image signal 22. Further, the
video encoding apparatus 3000 and video decoding apparatus
4000 concerning the second embodiment performs filter pro-
cessing on the local decoded image signal 16, but they may
use the local decoded image signal 16 subjected to conven-
tional deblocking filter processing.

[0177] Further, in the video encoding/decoding apparatus
concerning the second embodiment, the restored image sig-
nal 20 temporally stored in the restored image buffer is
acquired with the reference switching predictor 401A in the
above embodiment and used, but the restored image may be
generated in the reference image switching predictor by pro-
viding the filter processor inside the reference switching pre-
dictor without using the restored image buffer as another
embodiment. Diagrams of a video encoding apparatus and a
video decoding apparatus in such an embodiment are shown
in FIGS. 19 to 23.

[0178] Thevideo encoding apparatus 3001 of FIG. 19 com-
prises a switching information generation predictor 301B,
and the switching information generation predictor 301B of
FIG. 20 comprises a reference switching predictor 305B. The
reference switching predictor 305B of FIG. 21 comprises a
filter processor 113 inside, and the restored image signal 20
can generated by acquiring the local decoded image signal 16
and the filter coefficient information 17 with the filter proces-
sor 113. Further, the video decoding apparatus 4001 of FIG.
22 comprises a reference switching predictor 401B. The ref-
erence switching predictor 401B of FIG. 23 comprises a filter
processor 208 inside, and the restored image signal 20 can be
generated by acquiring the filter coefficient information 17
with the filter processor.

[0179] In this way, the construction of the video encoding
apparatus 3001 and video decoding apparatus 4001 can
reduce a memory size necessary for the restored image buffer
and realize the same operation as the video encoding appara-
tus 3000 and video decoding apparatus 4000.

[0180] In addition, this video encoding apparatuses 3000,
3001 and the video decoding apparatuses 4000, 4001 also can
be realized by using general-purpose computer equipment as
a base hardware. In other words, the switching information
generation predictor 301, the loop filter processor 302, the
local decoded image buffer 303, the restored image buffer
304, the reference switching predictor 305, the prediction
signal generator 101, the subtracter 102, the transform/quan-
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tization module 103, the entropy encoder 104, the inverse
transform/dequantization module 105, the adder 106, the
encoding controller 109, the filter setting module 110, the
switching information generator 112, the filter processor 113,
the loop filter switch module 114, the reference switching
predictor 401, the decoded image bufter 402, the restored
image buffer 403, the entropy decoder 201, the inverse trans-
form/dequantization module 202, the prediction signal gen-
erator 203, the adder 204, the decoding controller 206, the
filter processor 208 and the loop filter switch module 209 can
be realized by making a processor mounted on the computer
equipment execute a program. In this time, the video encod-
ing apparatuses 3000, 3001 and video decoding apparatuses
4000, 4001 may be realized by installing the program in the
computer equipment beforehand, or may be realized by dis-
tributing the program by storing it in a storing medium such as
CD-ROM or running through a network and installing this
program in the computer equipment appropriately. Further,
the local decoded image buffer 303, the restored image buffer
304, the decoded image buffer 402 and the restored image
buffer 403 can be realized by using a memory built-in the
computer equipment or mounted outside it, a hard disk or a
memory medium such as CD-R, CD-RW, DVD-RAM, DVD-
R, appropriately.

Third Embodiment

[0181] A video encoding apparatus concerning the third
embodiment is explained referring to FIG. 24. Components
of FIG. 24 are described respectively hereinafter.

[0182] The video encoding apparatus 5000 shown in FIG.
24 comprises a loop filter processor 501, a prediction signal
generator 101, a subtracter 102, a transform/quantization
module 103, an entropy encoder 104, an inverse transform/
dequantization module 105, an adder 106, a reference image
buffer 108, and is controlled with an encoding controller 109.
[0183] The prediction signal generator 101, subtracter 102,
transform/quantization module 103, entropy encoder 104,
inverse transform/dequantization module 105, adder 106, ref-
erence image buffer 108 and encoding controller 109 operate
similarly to the components of the same reference numbers in
the video encoding apparatus 1000 of FIG. 1 concerning the
first embodiment, and thus further explanation is omitted
here.

[0184] The loop filter processor 501 receives a local
decoded image signal 16 and an input image signal 10, and
outputs a reference image signal 19 and filter coefficient
information 17. The loop filter processor 501 is described in
detail below.

[0185] Next, the loop filter processor 501 of the video
encoding apparatus concerning the third embodiment is
described in detail referring to FIGS. 25 and 26. The compo-
nents of FIGS. 25 and 26 are described respectively.

[0186] The loop filter processor 501 shown in FIG. 25
comprises a filter setting module 110, and a switching infor-
mation generation filter processor 502, and further the switch-
ing information generation filter processor 502 comprises a
switching filter processor 111 and a switching information
generator 503 as shown in FIG. 26. The filter setting module
110 and switching filter processor 111 operate similarly to the
components of the same reference numbers in the loop filter
processor 107 of FIG. 2 concerning the first embodiment, and
thus further explanation is omitted here.

[0187] The switching information generator 503 is con-
trolled with the encoding controller 109, receives the local
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decoded image signal 16, and produces switching informa-
tion 18 according to a given switching determination method.
The generated switching information 18 is input to the
switching filter processor 111. The switching determination
method is described hereinafter.

[0188] The above is a configuration of the video encoding
apparatus concerning the third embodiment.

[0189] Next, there will be described in detail an operation
of'the loop filter of the video encoding apparatus concerning
the third embodiment referring to FIGS. 25, 26 and 27. In
addition, FIG. 27 is a flowchart illustrating an operation of the
loop filter of the video encoding apparatus 5000 concerning
the third embodiment.

[0190] At first, the filter setting module 110 shown in FIG.
25 acquires the local decoded image signal 16 and the input
image signal 10, and sets the filter coefficient information 17
(step S5100). The filter setting module 110 uses two-dimen-
sional Wiener filter conventionally used in image restoration,
designs a filter coefficient so that a mean square error between
the input image signal 10 and an image signal obtained by
subjecting the local decoded image signal 16 to filter process-
ing is minimum, and sets a value indicating the designed filter
coefficient and the filter size as the filter coefficient informa-
tion 17, here. The set filter coefficient information 17 is output
to the switching information generation filter processor 502
shown in FIG. 25, and output to the entropy encoder 104.
[0191] Next, the switching information generator 503 pro-
vided inside the switching information generation filter pro-
cessor 502 shown in FIG. 26 acquires the local decoded image
signal 16 (step S5101). The switching information generator
503 calculates a sum of absolute difference SAD of a pixel of
interest in the local decoded image signal 16 and a peripheral
pixel thereof in units of a pixel (step S5102). Assuming thata
coordinate of pixel in the local decoded image is X, y and the
local decoded image is F(x, y), SAD is expressed by the
following equation.

11 [Equation 4]
SAD= 3" 3 IF(e, y) = Flx+i y+ )

j=—li=—1

[0192] Next, the following switching determination pro-
cessing is done using SAD and the threshold value T set to the
encoding controller 109 beforehand (step S5103). If SAD is
not more than T, 0 is set to loop_filter_flag which is the
switching information 18 (step S5104). In contrast, if SAD is
more than T, 1 is set to loop_filter_flag which is the switching
information 18 (step S5104). The switching information 18 is
obtained in units of a pixel, but, as another embodiment, the
switching determination processing may be determined in
units of a frame or a slice or in units of amacroblock or ablock
of the size different from the macroblock. In that case, the
switching information 18 is output in a unit corresponding to
it.

[0193] Further, the sum of absolute difference of an object
pixel and a peripheral pixel is used here, but, as other embodi-
ments, a sum of squared difference may be used. If it is an
index that can be calculated from the local decoded image, an
index such as an activity, a space frequency, an edge intensity,
an edge direction may be used. Further, the index is calculated
from the local decoded image here, but the index may be
calculated from a restored image obtained by subjecting the
local decoded image to filter processing. Further, as another
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embodiment, the switching determination processing may be
done based on a quantization parameter which is part of
encoded information or a block size, a prediction mode, a
motion vector, a transform coefficient, etc.

[0194] Next, the switching filter processor 111 shown in
FIG. 26 acquires the local decoded image signal 16 and the
filter coefficient information 17 as well as the generated
switching information 18, and outputs the reference image
signal 19 by doing an operation similar to that of step S1107
to step S1109 FIG. 4 in the video encoding apparatus 1000
concerning the first embodiment. In other words, the loop
filter switch module 114 of FIG. 3 acquires loop_filter_flag
which is the generated switching information 18, and
switches the inner switch SW based on the value of loop_
filter_flag (step S5106). If loop_filter_flag is 0, the loop filter
switch module 114 connects the switch SW to the terminal A,
whereby the local decoded image signal 16 is temporally
stored in the reference image buffer 108 as the reference
image signal 19 (step S5107). On one hand, ifloop_filter_flag
is 1, the loop filter switch module 114 connects the switch SW
to the terminal B, whereby the decoded image signal 20 is
temporally stored in the reference image buffer 108 as the
reference image signal 19 (step S5108).

[0195] At last, the filter coefficient information 17 gener-
ated with the filter setting module 110 is encoded with the
entropy encoder 104, and multiplexed to a bit stream along
with the quantized transform coefficient 13, prediction mode
information, block size switching information, a motion vec-
tor, a quantization parameter, and then transmitted to the
video decoding apparatus 6000 to be described below (step
S5109). In this time, the filter coefficient information 17 is
recited in the loop filter data syntax (1906) belonging to the
slice level syntax (1903) in the syntax structure of FIG. 31 as
shown in FIG. 32(b). The filter_coeft [cy][cx] of FIG. 32(5)
which is the filter coefficient information 17 is a two-dimen-
sional filter coefficient, and filter_size_y and filter_size_x are
values for determining a filter size. The value indicating the
filter size is recited in the syntax here, but, as another embodi-
ment, a predetermined fixed value may be used as a filter size
without reciting it in the syntax. However, when the filter size
is set to a fixed value, it should be noted that the similar value
must be used in the video encoding apparatus 5000 and a
video decoding apparatus 6000 to be described below.

[0196] The above is explanation on an operation concern-
ing the loop filter of the video decoding apparatus 5000.

[0197] Next, the video decoding apparatus corresponding
to the video encoding apparatus 6000 is explained. The video
decoding apparatus concerning the third embodiment is
explained referring to FIG. 28. Components of FIG. 28 are
described respectively hereinafter.

[0198] The video decoding apparatus 6000 shown in FIG.
28 comprises a switching information generation filter pro-
cessor 601, an entropy decoder 201, an inverse transform/
dequantization module 202, a prediction signal generator
203, an adder 204, a reference image buffer 206 and is con-
trolled with a decoding controller 207.

[0199] The entropy decoder 201, inverse transform/de-
quantization module 202, prediction signal generator 203,
adder 204, reference image buffer 206 and decoding control-
ler 207 operate similarly to components of the same reference
numbers in the video decoding apparatus 2000 of FIG. 5
concerning the first embodiment, and thus further explanation
is omitted.
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[0200] The switching information generation filter proces-
sor 601 acquires the decoded image signal 21 and the filter
coefficient information 17, and outputs the reference image
signal 19 and the image signal 22. The switching information
generation filter processor 601 is described in detail herein-
after.

[0201] Next, the switching information generation filter
processor 601 ofthe video decoding apparatus concerning the
third embodiment is described in detail using FIG. 29. Com-
ponents of FIG. 29 are described respectively hereinafter.
[0202] The switching information generation filter proces-
sor 601 shown in FIG. 29 comprises a switching information
generator 602 and a switching filter processor 205. The
switching filter processor 205 operates similarly to compo-
nents of the same reference numbers in the video decoding
apparatus 2000 of FIG. 5 concerning the first embodiment,
and thus further explanation is omitted here.

[0203] The switching information generator 602 is con-
trolled with the decoding controller 207, acquires the decoded
image signal 21, and generates the switching information 18
according to a given switching determination method. The
generated switching information 18 is input to the switching
filter processor 205. The switching determination method is
described hereinafter.

[0204] The above is a configuration of the video decoding
apparatus concerning the third embodiment.

[0205] The operation of the video decoding apparatus con-
cerning the third embodiment is described in detail using
FIGS. 28, 29 and 30. FIG. 30 is a flowchart indicating an
operation of the loop filter of the video decoding apparatus
6000 concerning the third embodiment.

[0206] At first, the entropy decoder 201 decodes the filter
coefficient information 17 according to the syntax structure of
FIG. 31 (step S6100).

[0207] The loop filter data syntax (1906) belonging to the
slice level syntax (1903) in the syntax structure of FIG. 31
recites the filter coefficient information 17 as shown in FIG.
32(5).

[0208] The filter_coeff [cy][cx] of FIG. 32(5) which is the
filter coefficient information 17 is a two-dimensional filter
coefficient, and filter_size_y and filter_size_x decide values
for determining a filter size, here. The value indicating a filter
size is recited in the syntax, but as another embodiment, a
predetermined fixed value may be used as a filter size without
reciting it in the syntax, here. However, when the filter size is
set to a fixed value, it should be noted that the similar value
must be used in the video encoding apparatus 5000 and video
decoding apparatus 6000.

[0209] The switching information generation filter proces-
sor 601 acquires the decoded filter coefficient information 17
(step S6101). Further, the switching information generation
filter processor 601 acquires the decoded image signal 21
acquired from the adder 204 (step S6102). The switching
information generator 602 provided inside the switching
information generation filter processor 601 shown in FIG. 29
calculates a sum of absolute difference SAD of a pixel of
interest in the decoded image signal 21 and a peripheral pixel
thereof in units of a pixel (step S6103). Assuming that a
coordinate of the pixel in the decoded image is X, y and the
decoded image is F(x, y), SAD is expressed by [equation 4].
[0210] Using SAD and the threshold value T set to the
decoding controller 207 beforehand, the following switching
determination processing is done (step S6104).
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[0211] Itshould be noted that the threshold value T uses the
same value as the threshold value T set with the video encod-
ing apparatus 5000. If SAD is not more than T, O is set to
loop_filter_flag which is the switching information 18 (step
S6105). If SAD is more than T, 1 is set to loop_filter_flag
which is the switching information 18 (step S6106). The
switching information 18 is obtained in units of a pixel here,
but, as another embodiment, the switching determination pro-
cessing may be determined in units of a frame or a slice or in
units of a macroblock or a block of the size different from the
macroblock. In that case, the switching information 18 is
output in a unit corresponding to it.

[0212] Further, the absolute difference value sum of an
object pixel and a peripheral pixel is used here, but, as other
embodiments, a difference square-sum may be used. If it is an
index that can be calculated from the local decoded image, an
index such as an activity, a space frequency, an edge intensity,
an edge direction may be used. Further, the index is calculated
from the decoded image here, but the index may be calculated
from the restored image obtained by subjecting the decoded
image to filter processing.

[0213] Further, as another embodiment, the switching
determination processing may be done based on a quantiza-
tion parameter which is part of encoded information or a
block size, a prediction mode, a motion vector, a transform
coefficient, etc. In any event, it should be noted that the
switching information generator 602 in the video decoding
apparatus 6000 must do switching determination processing
similar to the switching information generator 503 in the
video encoding apparatus 5000.

[0214] The switching filter processor 205 shown in FIG. 29
acquires the decoded image signal 21 and the filter coefficient
information 17 as well as the generated switching informa-
tion 18, and outputs the reference image signal 19 by doing an
operation similar to the operation from step S2103 to step
S2105 of FIG. 7. In other words, the loop filter switch module
205A of FIG. 6 acquires loop_filter_flag which is the gener-
ated switching information 18, and switches the inner switch
SW based on value of loop_filter_flag (step S6107). If the
loop_filter_flag is 0, the loop filter switch module 205A con-
nects the switch SW to the terminal A, and temporally stores
the decoded image signal 21 in the reference image bufter 206
as the reference image signal 19 (step S6108). On one hand,
Ifthe loop_filter_flag is 1, the loop filter switch module 205A
connects the switch SW to the terminal A, and temporally
stores the restored image signal 21 in the reference image
buffer 206 as the reference image signal 19 (step S6108).
[0215] As described above, the switching information gen-
eration filter processor 601 generates the switching informa-
tion 18 by an operation similar to the switching information
generation filter processor 502 of FIG. 26 in the video encod-
ing apparatus concerning the third embodiment using the
acquired decoded image signal 21, and outputs the reference
image signal.

[0216] The above is explanation on an operation concern-
ing the loop filter of the video decoding apparatus 6000.
[0217] In this way, according to the video encoding appa-
ratus related to the third embodiment, the picture quality of
the reference image can be improved by doing the filter pro-
cessing by setting filter coefficient information of the loop
filter so that an error between the input image and the predic-
tion signal is minimum. Further, by switching which of the
local decoded image 16 and the restored image signal 18 is to
be held as a reference image for every local region, using an
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index calculated from the local decoded image signal 16, the
propagation of picture quality degradation due to filtering can
be prevented and encoding efficiency can be improved.

[0218] Further, according to the video decoding apparatus
related to the third embodiment, by performing the filter
processing using the filter coefficient information similar to
the video encoding apparatus, and doing the similar switching
determination processing, it can be guaranteed that the refer-
ence image in the video encoding apparatus synchronizes
with the reference image in the video decoding apparatus.

[0219] Further, according to the video encoding apparatus
and video decoding apparatus concerning the third embodi-
ment, generating the switching information based on the
index capable of calculating from the local decoded image on
the encoding side allows the similar switching information to
be calculated from the decoded image on the decoding side.
Therefore, the number of encoded bits when the switching
information is encoded can be reduced.

[0220] In addition, with reference to the video decoding
apparatus 6000 concerning the third embodiment, the
decoded image 21 or the reference image 19 may be output as
the output image signal 22 if the switching filter processor
205 is configured as shown in FIG. 8 or 9 similarly to the
video decoding apparatus 2000 concerning the first embodi-
ment.

[0221] Further, when the switching filter processor 205 is
configured as shown in FIG. 10 and the switching information
generator generates switching information for a post filter
newly, the output image signal 22 may be switched by switch-
ing the switch SW2 provided in the post filter switching
module 210 of FIG. 10.

[0222] Inaddition, the video encoding apparatus 5000 con-
cerning the third embodiment and video decoding apparatus
6000 performs filer processing on the local decoded image
signal 16, but they may use the local decoded image signal
subjected to conventional deblocking filter processing. In
addition, the video encoding apparatus 5000 and video
decoding apparatus 6000 can be realized by using general-
purpose computer equipment as a basic hardware. In other
words, the loop filter processor 501, switching information
generation filter processor 502, switching information gen-
erator 503, prediction signal generator 101, subtracter 102,
transform/quantization module 103, entropy encoder 104,
inverse transform/dequantization module 105, adder 106, ref-
erence image buffer 108, encoding controller 109, filter set-
ting module 110, switching filter processor 111, switching
information generation filter processor 601, switching infor-
mation generator 602, entropy decoder 201, inverse trans-
form/dequantization module 202, prediction signal generator
203, adder 204, switching filter processor 205, reference
image buffer 206 and decoding controller 207 can realize by
making a processor mounted on the computer equipment
execute a program. In this time, the video encoding apparatus
5000 and the video decoding apparatus 6000 may be realized
by installing the program in the computer equipment before-
hand, or may be realized by distributing the program by
storing it in a storing medium such as CD-ROM or running
through a network and installing this program in the computer
equipment appropriately. Further, the reference image buffer
108 and reference image buffer 206 can be realized by utiliz-
ing appropriately a memory built-in or externally mounted on
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the computer equipment, a hard disk, or a storing medium
such as CD-R, CD-RW, DVD-RAM, DVD-R.

Fourth Embodiment

[0223] The first embodiment illustrates an example of set-
ting the switching information in units of a macroblock of
16x16 pixels. On one hand, the unit in which the switching
information in the present embodiment is set is not limited to
the macroblock unit but may use a sequence, a frame or a slice
or a pixel block that is obtained by partitioning a frame.
[0224] Inthe present embodiment, there will be explained a
method for changing a size of a pixel block appropriately by
defining a unit for setting switching information as every
pixel block in the encoding and decoding method concerning
the first embodiment.

[0225] The switching filter processor 111 of the encoding
apparatus and decoding apparatus concerning the fourth
embodiment is described using FIGS. 37 and 38. The switch-
ing filter processor 111 of FIGS. 37 and 38 is modification of
the switching filter processor 111 of FIGS. 3 and 6, and is
configured to execute filter processing only when the restored
image 20 is used as a reference image with the switch SW. In
other words, in FI1G. 37, the switch SW is provided before the
filter processor 113, the terminal A of the switch SW is led to
the reference image buffer 108 directly, and the local decoded
image signal 16 is stored in the buffer 108 as a reference
image signal as it is. The terminal B of the switch SW is led to
the reference image buffer 108 through the filter processor
113, and the local decoded image signal 16 is filtered accord-
ing to the filter coefficient information 17 with the filter
processor 113 and then is stored in the buffer 108 as a refer-
ence image signal. Further, in FIG. 38, the switch SW is
provided on the previous stage of the filter processor 208, and
the terminal A of the switch SW is directly led to the output
line and the decoded image signal 21 is output to the output
line as it is. The terminal B of the switch SW is led to the
output line through the filter processor 208, and the decoded
image signal is filtered according to filter coefficient infor-
mation 17 with the filter processor 208 and then output as the
reference image signal 19 and the output image signal 22 to
the output line. Since the filter processor 113 or 208 performs
the filter processing only when loop_filter_flag which is the
switching information 18 is 1, such the configuration can be
reduced in cost compared with the configuration of FIG. 3 and
FIG. 6. It goes without saying that the modifications of FIGS.
37 and 38 can be applied to the first to third embodiments.
[0226] The switching filter processor 111 of FIGS. 37 and
38 related to the present embodiment comprises the filter
processor 113 and the loop filter switch module 114 similarly
to the switching filter processor 111 of the first embodiment
described above, acquires the local decoded image signal 16
orthe decoded image signal 21, the filter coefficient informa-
tion 17 and the switching information 18, and outputs the
reference image signal 19. Further, in the present embodi-
ment, the region setting information 23 is acquired at the
same time and input to the loop filter switch module 114.
[0227] The region setting information 23 is information for
controlling a timing at which the switch SW is switched
according to a block size, and indicates a block size when a
frame is partitioned into rectangular blocks.

[0228] The region setting information 23 may use a self
value of the block size, and also it may be an index in a region
size prescribed table for determining the block size prepared
before.
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[0229] An example of the region size prescribed table is
shown in FIG. 39(a). In the region size prescribed table of
FIG. 39(a), the index of a square block of 4 pixels in lateral
and vertical, which is the smallest block size, is set to 0, and
8 block sizes are prepared for by increasing by 2 times the
number of pixels on each side up to 512x512 pixels. By
retaining the same region size prescribed table on the encod-
ing and decoding sides, the index determined by the region
size prescribed table of FIG. 39(a) is encoded as block infor-
mation on the encoding side, and the block size is determined
from the block information decoded using the same region
size prescribed table on the decoding side. In addition, the
region size prescribed table (a) is provided in the encoding
controller and the decoding controller.

[0230] Next, the syntax including the region setting infor-
mation 23 concerning the present embodiment is described
using FIG. 42. The loop filter data syntax (1906) in the syntax
structure of FIG. 31 concerning the present embodiment is
described as shown in FIG. 42, for example. The filter_block_
size of FIG. 42(a) indicates the region setting information 23,
and NumO1fBlock is a total number of blocks in one slice
determined by the block size indicated by filter_block_size.
For example, in case that the region size prescribed table of
FIG. 39(a) is used, when the index which is the region setting
information is set to 0, the slice is partitioned in 4x4 pixel
block, and loop_filter_flag is encoded for every 4x4 pixels
block. As aresult, in the slice, the switch SW of the switching
filter processor 111 can be switched for every 4x4 pixel block
on both of the encoding and decoding sides.

[0231] Further, as another embodiment, a partition method
to a basic block size may be used as region setting informa-
tion. For example, like the region size prescribed table of F1G.
39(b), four block partition methods of “no partition”, “lateral
2-partition”, “vertical 2-partition”, and “lateral/vertical
2-partition” are prepared for, and index numbers are assigned
to respective methods. As a result, when the basic block size
is setto a 16x16 pixel block and a 8x8 pixel block, such block
shapes as shown in FIG. 40 can be taken. The syntax on this
describes filter_block_size which is the region setting infor-
mation in a loop of the basic block size as shown in FIG.
42(b), and loop_filter_flag is encoded by NumOfSubblock
indicating the number of sub blocks determined by filter_
block_size. An example of a reference image when the basic
block size is set to 16x16 and 8x8 is shown in FIG. 41. In
addition, the region size prescribed table (b) is provided in the
encoding controller and the decoding controller.

[0232] In this way, according to the video encoding and
decoding methods concerning the fourth embodiment, the
block partition can have a diversity by setting and encoding
the region setting information for partitioning a frame into
regions. Setting the switching information to each of parti-
tioned blocks allows a switching timing of filter processing to
be controlled for each frame or for each local region of the
frame adaptively.

[0233] When the block size is switched adaptively, the
number of encoded bits necessary for encoding the switching
information increases as the block size decreases or the frame
is partitioned finely, resulting in degrading an encoding effi-
ciency.

[0234] Therefore, a plurality of region size prescribed
tables described above may be prepared for, and switched
based on given information contributing to the number of
encoded bits of the image to which a loop filter is applied and
provided from both of the encoding and decoding sides. For
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example, a plurality of region size prescribed tables are pre-
pared on the encoding controller and the decoding controller,
for example, as shown in FIG. 39(c), and the region size
prescribed tables can be switched according to the image size,
picture type and a quantization parameter for determining
roughness of quantization. As for the image size, the region
size prescribed table which prepared for a block of larger size
is used as the image size increases relatively.

[0235] Further, when the picture type is used in a conven-
tional manner, the number of encoded bits tends to be in 1
picture>P picture>B picture. Therefore, the region size pre-
scribed table which prepared for a block of large size is used
for the B picture encoded in a small number of bits.

[0236] Further, about the quantization parameter, the num-
ber of encoded bits of the transform coefficient decreases as
the value of the quantization parameter increases. Therefore,
the region size prescribed table which prepared for a block of
relatively large size is used.

[0237] By switching a plurality of region size prescribed
tables which differ in block size as discussed above, it is
possible to select a block size more adaptively using a limited
index number. Further, a balance between the number of
encoded bits of transform coefficient or encoded parameter
and the number of encoded bits necessary for the switching
information can be controlled effectively.

[0238] As further another embodiment, the block informa-
tion may use a block size synchronized with a motion com-
pensation block size and a transform block size used for
encoding and decoding in generating a local decoded image
or a decoded image. In this case, a switching timing of filter
processing can be changed without reciting block informa-
tion in the loop filter data syntax (1906), and thus the number
of encoded bits needed for the block information can be
reduced.

[0239] Further, a case that a frame is partitioned into rect-
angular blocks is described here, but if there is a partition
method capable of realizing the same region partition for both
of the encoding apparatus and decoding apparatus, it is not
limited to the rectangular block.

Fifth Embodiment

[0240] Next, a video encoding method concerning a fifth
embodiment is described with reference tot FIGS. 43 and 44.
[0241] A loop filter processor 107 of FIG. 43 has a configu-
ration similar to the loop filter processor 107 of FIG. 2 and
comprises a filter setting module 110, a switching filter pro-
cessor 111 and a switching information generator 112. It
acquires a local decoded image signal 16 and an input image
signal 10 and outputs filter coefficient information 17, switch-
ing information 18 and a reference image signal 19.

[0242] On one hand, in the present embodiment, the
switching information 18 is set for each of local regions
obtained by partitioning a frame, and a region to be used for
setting a filter is selectively acquired based on the switching
information 18.

[0243] An operation of the loop filter of the video encoding
apparatus concerning the fifth embodiment is described in
detail using a flowchart of FIG. 44.

[0244] Inthe flowchart of FIG. 44, R is the maximum value
of'a number of times of setting filter coefficient information,
and N is a total number of local regions obtained by partition-
ing the frame.

[0245] At first, O is set to the setting number of times r of
filter coefficient information (step S7100), and loop_filter_
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flag which is the switching information is set to 1 with respect
to all regions (step S7101). Next, r is incremented by only one
(step S7102).

[0246] Thereafter, the filter setting module 110 of FIG. 43
sets the filter coefficient information (step S1100). A two-
dimensional Wiener filter used for image restoration conven-
tionally is used similarly to the first embodiment here, a filter
coefficient is designed so that a mean square error between an
image (reference image signal 19) obtained by subjecting the
local decoded image signal 16 to filter processing and the
input image signal 10 is minimum, and a value indicating the
designed filter coefficient and the filter size is set as the filter
coefficient information 17. The filter setting module 110 of
FIG. 43 in the fifth embodiment is assumed to calculate the
mean square error using only the region in which loop_filter_
flag which is the input switching information is set to 1 here.
Because, in setting of first filter coefficient information of
r=1, lis settoloop_filter_flag of all regions in step S7101, the
filter coefficient information is generated which is designed
so that a mean square error of the whole frame is minimum
here.

[0247] Next, the switching filter processor 111 of FIG. 43
sets the switching information 18 to each of local regions
obtained by partitioning a frame. In other words, when the
region number is assumed to be n, at first O is set to n (step
S7103), and n is incremented by only one (step S7104). Next,
the n-th region is subjected to processing of step S1101 to step
S1109 similar to the first embodiment. The above processing
is repeated till n achieves the total N (step S7105).

[0248] After loop_filter_flag was set to all regions of the
frame, the above serial processing is repeated till the setting
number of times r of filter coefficient information reaches the
predetermined maximum value R of the number of times of
setting filter coefficient information (step S7106). According
to the video encoding method concerning the fifth embodi-
ment in this way, the setting of filter coefficient information
on and after the second time makes it possible to set a filter
making a mean square error minimize for a limited region in
which loop_filter_flag is set to 1. For example, when the
reference image provided by the switching information set in
the first time is as shown FIG. 33, the second setting of the
filter coefficient information can set a filter making the mean
square error minimum only for “the macroblock to which the
loop filter is applied”. As a result, a filter having a more
effective movement of picture quality can be set to “the mac-
roblock to which the loop filter is applied”.

[0249] Inaddition, the present invention is not limited to the
above first to third embodiments as is, and can be realized by
modifying components without departing from the scope of
the invention. Further, various kinds of invention can be
formed by an appropriate combination of a plurality of com-
ponents disclosed by the embodiment. For example, some
components may be deleted from all components shown in
the embodiment. Further, components over different embodi-
ments may be combined appropriately.

Sixth Embodiment

[0250] There will be explained a video encoding apparatus
and video decoding apparatus related to the sixth embodi-
ment. FIG. 45 shows a filter processor provided on both of the
video encoding apparatus and the video decoding apparatus,
and illustrates a filter processor 113 of the first and second
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embodiments and a filter processor corresponding to the filter
processor 208 in the third embodiment and the fourth
embodiment.

[0251] In the case of the video encoding apparatus, a local
decoded picture signal, switching information, filter informa-
tion and encoded information are input to a local decoded
image filter processor 701 of FIG. 45, and in the case of the
video decoding apparatus, a decoded image signal, switching
information, filter information and encoded information are
input thereto, and a reference image signal is generated. The
filter processor 701 comprises a filter boundary determination
processor 702, a switch 703, a deblocking filter processor
704, a switch 705 and an image restoration filter processor
706.

[0252] The filter boundary determination processor 702
uses the encoded information from the local decoded picture
signal or the decoding image set signal, and determines a
pixel to be subjected to deblocking filter processing from
among pixels on the boundary of the block that is a unit of
transform processing or motion compensation to control the
switch 703 and switch 705. In this time, the filter boundary
determination processor 702 connects the switch 703 and
switch 705 to the terminal A when it determined that the input
pixel is a block boundary pixel, and the deblocking filter
processor 704 subjects the pixel signal to deblocking filter
processing. When it is determined that the input pixel is not a
block boundary pixel, switch 703 and switch 705 is connected
to terminal B, and the image restoration filter processor 706
subjects the input pixel to image restoration filter processing.
[0253] The deblocking filter processor 704 uses a filter
coefficient generated beforehand or filter coefficient informa-
tion given from the outside of the local decoded image filter
processor 701 and subjects a pixel determined as a block
boundary by the block boundary determination processor 702
to such filter processing (for example, averaging procedure of
apixel signal) as to cancel a block distortion occurring due to
transform processing or motion compensation processing.
[0254] The image restoration filter processor 706 performs
restoration processing on the local decoded image with
respect to a pixel determined as not a block boundary by the
block boundary determination processor 702, based on the
filter coefficient information given from the outside of the
local decoded image filter processor 701. The image restora-
tion filter processor 706 is assumed to be replaced with the
switching filter processor 111, 205A, 205B, 205C or 205D of
FIGS. 3, 6, 8, 9 and 10 of the first embodiment and, the filter
processor 113 or 208 of FIGS. 14 and 16 of the second
embodiment, the reference switching predictor 305B or 401B
of FIGS. 21 and 23 of the second embodiment, the switching
information generation filter processors 502 or 601 of FIGS.
26 and 29 of the third embodiment, and the switching filter
processor 111 or 205A of FIGS. 37 and 38 of the fourth
embodiment as it is.

[0255] According to the sixth embodiment in this way, a
block boundary area can be subjected to filter processing
taken into consideration a difference of a nature of the
decoded image signal due to a block distortion caused by
transform processing or motion compensation processing,
and improve a restoration performance of the whole image.

Seventh Embodiment

[0256] Next, the video encoding apparatus and decoding
apparatus related to the seventh embodiment will be
described referring to FIGS. 46 to 49. At first, the video
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encoding apparatus concerning the seventh embodiment is
explained referring to FIG. 46. Components of FIG. 46 are
explained respectively hereinafter.

[0257] The video encoding apparatus 7000 shown in FIG.
46 comprises a subtracter 102, a transform/quantization mod-
ule 103, an entropy encoder 104, an inverse transform/de-
quantization module 105, an adder 106, a deblocking filter
module 801, a filter setting/switching information generator
802, a decoded image buffer 803, a prediction image genera-
tor 804, and a motion vector generator 805, and is controlled
with an encoding controller 109.

[0258] The subtracter 102, transform/quantization module
103, entropy encoder 104, inverse transform/dequantization
module 105, adder 106 and encoding controller 109 operate
similarly to components of the same reference numbers of the
video encoding apparatus 3000 of FIG. 11 concerning the
second embodiment, and thus further explanation is omitted
here.

[0259] Further, the filter setting/switching information
generator 802 operates similarly to the filter setting module
110 and switching information generator 112 in the loop filter
processor 107 of FIG. 2 concerning the first embodiment.
[0260] As a concrete operation, the video encoding appa-
ratus 7000 transforms, quantizes, and entropy-encode a pre-
diction error, and also local-decodes it by dequantization and
inverse transform, similarly to the conventional hybrid
encoding or the video encoding apparatus 1000 concerning
the first embodiment or the video encoding apparatus 3000
concerning the second embodiment. The deblocking filter
801 subjects the local decoded signal to filter processing to
eliminate a distortion on the block boundary with the
deblocking filter 801, and then stores the filtered local
decoded signal in the decoded image buffer 803. The filter
setting/switching information generator 802 receives the fil-
tered local decoded image signal and the input image signal,
and produces a filter coefficient and switching information.
The filter setting/switching information generator 802 out-
puts the generated filter coefficient information to the
decoded image buffer 803, and outputs to the entropy encoder
104. The entropy encoder 104 encodes the filter coefficient
and switching information generated with the filter setting/
switching information generator 802, and also multiplexes
the quantized transform coefficient with a bit stream along
with the prediction mode information, block size switching
information, motion vector information, quantization param-
eter, etc., and transmits to the video decoding apparatus 8000
to be described below. In this time, the filter coefficient infor-
mation and the switching information are transmitted as
encoded information of the input image according to syntax
of FIG. 32.

[0261] The decoded image buffer 803 stores the local
decoded image referred to with the prediction image genera-
tor 804 and the filter coefficient corresponding to the local
decoded image, and the switching information.

[0262] The prediction image generator 804 uses the local
decoded image, filter coefficient, switching information man-
aged with the decoded image buffer 803, and the motion
vector information generated with the motion vector genera-
tor 805, and generates the motion-compensated prediction
image. The subtracter 102 generates a prediction error signal
between the generated prediction image and the input image.
On one hand, the motion vector information is encoded with
the entropy encoder 104 and multiplexed with other informa-
tion.
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[0263] The video decoding apparatus concerning the sev-
enth embodiment is explained referring to FIG. 47. Compo-
nents of FIG. 47 are explained respectively hereinafter. The
video decoding apparatus 8000 shown in FIG. 47 comprises
an entropy decoder 201, an inverse transform/dequantization
module 202, an adder 204, a deblocking filter 811, a decoded
image buffer 813, and a prediction image generator 814, and
is controlled with a decoding controller 206.

[0264] The entropy decoder 201, inverse transform/de-
quantization module 202, adder 204 and decoding controller
206 operate similarly to the components of the same refer-
ences in the video decoding apparatus 2000 concerning the
first embodiment, and thus further explanation is omitted.

[0265] As aconcrete operation, it dequantizes and inverse-
transforms a signal decoded with the entropy-decoder 201 to
produce a prediction error signal, and generates a decoded
image by adding it to a prediction image with the adder 204,
similarly to the conventional hybrid encoding or the video
decoding apparatus 2000 concerning the first embodiment or
the video encoding apparatus 4000 concerning the second
embodiment. The deblocking filter 811 subjects the decoded
signal to filter processing to eliminate a distortion on a block
boundary, and then outputs a decoded image and itis stored in
the decoded image buffer 813.

[0266] The decoded image buffer 813 stores the decoded
image referred to with the prediction image generator 814, the
filter coefficient and the switching information corresponding
to the decoded image decoded with the entropy decoder 201.
The prediction image generator 813 generates a prediction
image subjected to restoration filter processing and motion
compensation from the motion vector information decoded
with the entropy-decoder 2, the decoded image from the
decoded image buffer 402, the filter coefficient, and the
switching information.

[0267] The configuration such as the video encoding appa-
ratus and the video decoding apparatus as shown in FIGS. 46
and 57 can realize improvement of coding efficiency by
applying adaptive image restoration processing to motion
compensated prediction. FIG. 48 is one embodiment of con-
crete implementation of the prediction image generator 814
of FIGS. 46 and 47. Components of FIG. 48 are explained
respectively hereinafter.

[0268] The prediction image generator 804 shown in FIG.
48 comprises a switch 821, a restored image generator 822
and an interpolation picture generator 823. The switch 821 is
a switch for switching whether or not the decoded image
referred to based on the motion vector information is sub-
jected to the restoration filter processing, and switched based
on the switching information generated with the filter setting/
switching information generator 802. When the switch 821 is
switched to the terminal A, the restored image generator 822
performs the restoration filter processing on the decoded
image referred to based on the motion vector information,
using the filter coefficient set with the filter setting/switching
information generator 802. When the switch 821 is switched
to the terminal B, the decoded image is input to the interpo-
lation picture generator 823 as it is. The interpolation picture
generator 823 generates an interpolation picture of a frac-
tional pixel position as a prediction image, based on the
motion vector. Such a configuration makes it possible to
realize combination of the adaptive image restoration pro-
cessing and the motion compensated prediction.
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[0269] FIG. 49 is another embodiment of concrete imple-
mentation of the prediction image generators of FIGS. 46 and
47. Components of FIG. 49 are described respectively here-
inafter.

[0270] The prediction image generator 804 shown in FIG.
49 comprises a switch 831, an integer pixel filter 832, a bit
extension module 833, an interpolation picture generator 834,
aswitch 835, a weighted prediction image generator 836, and
a bit degenerate module 837. The switch 831 is a switch for
switching whether or not the decoded image referred to based
on the motion vector information is subjected to the restora-
tion filter processing in units of integer pixel, and switched
based on the switching information generated with the filter
setting/switching information generator 802 of FIG. 46.
When the switch 831 is switched to the terminal A, the integer
pixel filter 832 performs the restoration filter processing on
the decoded image referred to based on the motion vector
information, using the filter coefficient set with the filter
setting/switching information generator 802. The feature of
this time is to make the pixel bit length of the output of the
integer pixel filter 832 to be M-bit wherein MZN, when the
pixel bit length of the decoded image is N-bit. When the
switch 831 is switched to the terminal B, the decoded image
is input to the bit extension module 833, so that the decoded
image of N-bit is expanded to be M-bit wherein M=N. Con-
cretely, the bit extension module 833 does the processing for
subjecting a pixel value V to a left arithmetic shift for (M-N)
bits.

[0271] Theinterpolation picture generator 834 generates an
interpolation picture of a decimal point pixel position based
on the motion vector information. The feature of this time is
that the input is the pixel bit length of M-bit whereas the
output is the pixel bit length of L-bit wherein L=N. The
switch 835 is a switch controlled with the encoding controller
109 or the decoding controller 206 based on the encoded
information, and switches whether or not the weighted pre-
diction is done. When switch 835 is switched to the terminal
A, the weighted prediction image generator 836 generates a
prediction image based on a weighted prediction equation
given in H.262/AVC, etc. The feature of this time is that the
processing is done so that the output of the pixel bit length of
N-bit is obtained with respect to the input of the pixel bit
length of L-bit. When the switch 835 is switched to the unit B,
the bit degenerate module 847 performs rounding processing
so that the input of L-bit is N-bit wherein LZN.

[0272] When the inner of the prediction image generator
804 is configured so as to make the pixel bit length longer than
the pixel bit length of the decoded image, a rounding error of
calculation in the restoration processing, interpolation pro-
cessing and weighted prediction processing is reduced,
resulting in that generation of the prediction image can be
realized with beneficial encoding efficiency.

Eighth Embodiment

[0273] There will be described a method for switching a
pixel block size adaptively using region setting information
indicating a size of a pixel block or a partition manner where
aunit of setting switching information is a pixel block, in the
fourth embodiment. In the present embodiment, there is
described, as a method for switching pixel block sizes in a
frame appropriately, a method for partitioning a parent block
of a predetermined size into child blocks of small sizes hier-
archically referring to FIGS. 50 to 55.
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[0274] A method for partitioning a parent block into child
blocks hierarchically using a quad-tree structure is described
here. FIG. 50 represents a hierarchical block partition by the
quad-tree structure. The parent block B0, 0 of hierarchical
layer 0 in FIG. 50 is partitioned into children blocks B1, 0 to
B1, 3 in a hierarchical layer 1, and is partitioned into children
blocks B2, 0 to B2, 15 in a hierarchical layer 2.

[0275] Next, a method for expressing a partition tree of
quad-tree structure is described. FIG. 51 illustrates a partition
tree to the hierarchical layer 3, using block partition informa-
tion expressed by O or 1. It is illustrated to divide into child
blocks ofthe lower hierarchical layer when the block partition
information is 1, and it is illustrated that partition is not done
when it is 0. In the block expressed by the block partition
information set as shown in FIG. 51, the parent block is
partitioned into four child blocks, this child blocks each are
partitioned into four child (grandchild) blocks, and this child
(grandchild) blocks each are partitioned into four child
(great-grandchild) blocks as shown in FIG. 52. The switching
information is set to each of the blocks of different sizes
partitioned in this way. In other words, it is equal to setting of
the switching information to the corresponding block whose
block partition information in the partition tree of FIG. 51 is
0.

[0276] The size of the children block in the parent block is
determined by a parent block size and a depth of the hierar-
chical layer. FIG. 53 is a diagram illustrating the size of each
children block of the hierarchical layers 0-4 with respect to
the parent block size when the quad-tree structure is used. In
FIG. 53, when the children block size is, for example, 32x32,
the size of the child (great-grand child) block of the hierar-
chical layer 4 is 2x2. The inside of the parent block that is a
local region in a frame is partitioned into the children blocks
shrinking sequentially with increasing depth of the hierarchi-
cal layer.

[0277] Next, the syntax including region setting informa-
tion concerning the present embodiment is described using
FIG. 54.

[0278] The loop filter data syntax (1906) in the syntax
structure of FIG. 31 concerning the present embodiment is
recited as shown in FIG. 54, for example. The filter_block_
size of FIG. 54 is a value for determining a block size simi-
larly to the fourth embodiment, and represents a parent block
size here.

[0279] Next, max_layer_level is a value indicating the
maximum of depth of the available hierarchical layer. In the
present embodiment, max_layer_level is encoded in units of
a slice as shown in the syntax of FIG. 54, but, as another
embodiment, it may be encoded in units of a sequence, a
frame or a parent block. FIG. 55 shows a syntax when encod-
ing is done in units of a parent block. Further, if a value
indicating the maximum of depth of the same hierarchical
layer is used for both of the encoding apparatus and decoding
apparatus, a value set beforehand may be used without
including max_layer_level in the syntax.

[0280] Further, the parent block size is indicated by filter_
block_size in the present embodiment, but may be indicated
by a value indicating a size of minimum child block. In that
case, the parent block size is calculated by a given equation
using max_layer_level and filter_block_size. As an example,
assuming that filter_block_size is B, and max_layer_level is
L, the parent block size P can be expressed by P=Bx2*.
[0281] Next, NumOfParentBlock is the total of parent
blocks in a slice, and NumOfChildBlock [layer] is the total of
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children blocks of the hierarchical layer indicated by a layer
in a parent block. As an example, in the case of quad-tree
structure, NumOfChildBlock [0]=1, NumOfChildBlock
[1]=4, NumOfChildBlock [2]=16, NumOfChildBlock
[31]:64, and NumOfChildBlock [layer] can be expressed in
4 ayer.

[0282] Next, valid_block_flag and block_partitioning_flag
are explained. It is assumed that valid_block_flag is O or 1,
and the initial value of valid_block_flag is set to 0. The
block_partitioning_flag is block partitioning information,
and set to 1 in the case of partitioning and to 0 in the case of
non-partition as explained in the above.

[0283] In this way, according to the video encoding and
decoding method concerning the eighth embodiment, a basic
parent block can be partitioned into child blocks hierarchi-
cally by using the hierarchical layer block partitioning infor-
mation as the region partitioning information, and it is pos-
sible to control switching timing of the filter processing
appropriately for each local region in the frame by setting the
switching information to each of partitioned child blocks.
Further, when a unit for setting the switching information is
variable in a frame in this way, it is possible to set the switch-
ing information efficiently by partitioning finely a region on
which the loop filter largely influences picture quality and by
partitioning coarsely a region on which the loop filter hardly
influences picture quality.

[0284] Further, the partitioning method based on the quad-
tree structure is described as a partitioning method of parent
block here, but if there is a partitioning method which can
realize the same region partitioning for both of the encoding
apparatus and decoding apparatus, it is not limited to the
quad-tree structure.

[0285] Further, there is described a case of partitioning a
parent block into rectangular blocks hierarchically here, butif
there is a partitioning method which can realize the same
region partitioning for both of the encoding apparatus and
decoding apparatus, it is not limited to the rectangular block.
[0286] According to the present invention, in video encod-
ing/decoding of encoding filter coefficient information set on
an encoding side and using the filter coefficient information
by decoding it on a decoding side, switching loop filter pro-
cessing by the same processing for the encoding side and
decoding side can make picture quality of a reference image
used for prediction improve while suppressing propagation of
degradation of picture quality and make encoding efficiency
improve.

[0287] Thevideo encoding and decoding method and appa-
ratus related to the present invention are employed by image
compression processing in communication media, a storage
media and a broadcast media.

1. A video encoding method wherein an encoded image is
used as a reference image for prediction of an image to be
encoded next, comprising:

generating a restored image by applying a loop filter to a

local decoded image of an encoded image;

setting filter coefficient information of the loop filter

derived from the local decoded restored image and input
image;

encoding the filter coefficient information;

encoding specific information indicating that the local

decoded image or the restored image is used as a refer-
ence image derived from a residual between the local
decoded image and the input image signal and a residual
between the restored image and the input image; and
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storing the local decoded image or the restored image in a

memory as the reference image the specific information.

2. A video decoding method wherein a decoded image is
used as a reference image for prediction of an image to be
decoded next, comprising:

generating a restored image by applying a loop filter to a

decoded image;

decoding filter coefficient information of the loop filter;

decoding specific information indicating that the decoded

image or the restored image is used as a reference image
derived from a residual between the local decoded image
and the input image signal and a residual between the
restored image and the input image; and

storing the decoded image or the restored image to a

memory as the reference image the specific information.

3. A video encoding method wherein an encoded image is
used as a reference image for prediction of an image to be
encoded next, comprising:

generating a restored image by applying a loop filter to a

local decoded image of an encoded image;

setting filter coefficient information of the loop filter

derived from the restored image and input image;
encoding the filter coefficient information;

encoding specific information indicating that the local

decoded image or the restored image is used as a refer-
ence image derived from a residual between the local
decoded image and the input image signal and a residual
between the restored image and the input image; and
using the local decoded image or the restored image as the
reference image for prediction the specific information.

4. A video decoding method wherein a decoded image is
used as a reference image for prediction of an image to be
decoded next, comprising:

generating a restored image by applying a loop filter to a

decoded image;

decoding filter coefficient information of the loop filter;

decoding specific information indicating that the local

decoded image or the restored image is used as a refer-
ence image derived from a residual between the local
decoded image and the input image signal and a residual
between the restored image and the input image; and
using the decoded image or the restored image as the ref-
erence image for prediction the specific information.

5. A video encoding method wherein an encoded image is
used as a reference image for prediction of an image to be
encoded next, comprising:

generating a restored image by applying a loop filter to a

local decoded image of an encoded image;

setting filter coefficient information of the loop filter;

encoding the filter coefficient information; and

storing the local decoded image or the restored image as a

reference image in a memory specific information indi-
cating that the local decoded image or the restored image
is used as the reference image derived from a residual
between the local decoded image and the input image
signal and a residual between the restored image and the
input image.

6. A video decoding method wherein a decoded image is
used as a reference image for prediction of an image to be
decoded next, comprising:

generating a restored image by applying a loop filter to a

decoded image;

decoding filter coefficient information of the loop filter;
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storing the decoded image or the restored image as a ref-
erence image in a memory specific information indicat-
ing that the local decoded image or the restored image is
used as the reference image derived from a residual
between the local decoded image and the input image
signal and a residual between the restored image and the
input image.

7. The video encoding method according to claim 1, further
comprising encoding, on an encoded side, specific informa-
tion indicating that the decoded image or the restored image
is used as an output image on a decoding side.

8. The video decoding method according to claim 2, further
comprising

decoding specific information indicating that the decoded

image or the restored image is used as an output image,
and

outputting the decoded image or the restored image as the

output image based on the specific information.

9. The video decoding method according to claim 6, further
comprising

generating specific information indicating that the decoded

image or the restored image is used as an output image,
and

outputting the decoded image or the restored image as the

output image based on the specific information.

10. The video encoding method according to claim 1,
wherein the specific information is encoded for each frame or
for each local region in the frame.

11. The video decoding method according to claim 2,
wherein the specific information is decoded for each frame or
for each local region in the frame.

12. The video encoding method according to claim 1, fur-
ther comprising

calculating an error between the local decoded image and

the restored image and an input original image, and
generating specific information indicating that the image
having a small error is the reference image

13. The video encoding method according to claim 5, fur-
ther comprising generating specific information using any
one or more of an absolute difference value sum with respect
to a peripheral pixel which is an index that is able to be
acquired from the local decoded image or the decoded image,
a difference square sum, an activity, a space frequency, an
edge intensity, and an edge direction.

14. The video decoding method according to claim 6, fur-
ther comprising generating specific information using any
one or more of an absolute difference value sum with respect
to a peripheral pixel which is an index that is able to be
acquired from the local decoded image or the decoded image,
a difference square sum, an activity, a space frequency, an
edge intensity, and an edge direction.

15. The video encoding method according to claim 5, fur-
ther comprising generating specific information using any
one or more of a quantization parameter which is part of
encoded information, a block size, a prediction mode, a
motion vector, and transform coefficient information.

16. The video decoding method according to claim 6, fur-
ther comprising generating specific information using any
one or more of a quantization parameter which is part of
encoded information, a block size, a prediction mode, a
motion vector, and transform coefficient information.

17. Avideo encoding apparatus wherein an encoded image
is used as a reference image for prediction of an image to be
encoded next, comprising:
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a restored image generator to generate a restored image by
applying a loop filter to a local decoded image of an
encoded image;

a setting module to set filter coefficient information of the
loop filter;

a decoder to encode the filter coefficient information;

an encoder to encode specific information indicating that
the local decoded image or the restored image is used as
a reference image derived from a residual between the
local decoded image and the input image signal and a
residual between the restored image and the input
image; and

a storing module to store the local decoded image or the
restored image in a memory as the reference image the
specific information.

18. A video decoding apparatus wherein

adecoded image is used as a reference image for prediction
of'an image to be decoded next, comprising:

a restored image generator to generate a restored image by
applying a loop filter to a decoded image;

afirst decoder to decode filter coefficient information of the
loop filter;

a second decoder to decode specific information indicating
that the local decoded image or the restored image is
used as a reference image derived from a residual
between the local decoded image and the input image
signal and a residual between the restored image and the
input image; and

a storing module to store the decoded image or the restored
image in a memory as the reference image the specific
information.

19. A video encoding method wherein an encoded image is
used as a reference image for prediction of an image to be
encoded next, comprising:

encoding specific information indicating that a restored
image generated by applying a loop filter to a local
decoded image of an encoded image is used as a refer-
ence image or the local decoded image is used as the
reference image derived from a residual between the
local decoded image and the input image signal and a
residual between the restored image and the input
image; and

storing the local decoded image or the restored image as the

reference image in a memory the specific information.

20. The video encoding method according to claim 19,
wherein encoding the specific information comprises

encoding region setting information for determining a

local region size to set specific information for each local
region in a frame and encode the specific information.

21. The video encoding method according to claim 19,
wherein encoding the specific information comprises setting
filter coefficient information of the filter based on the specific
information to encode the specific information for each local
region in the frame.

22. The video encoding method according to claim 19,
wherein the specific information encoding step encodes
region setting information for each frame or each local region
in the frame.

23. The Video encoding method according to claim 20,
wherein the region setting information is a value indicating a
size of the local region.
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24. The video encoding method according to claim 20,
wherein the region setting information indicates a partition-
ing manner of partitioning an inside of the local region of a
given size.

25. The video encoding method according to claim 24,
wherein the region setting information indicates an index
indicating a local region size determined by a region size
prescribed table prepared beforehand or a partitioning man-
ner.

26. The video encoding method according to claim 25,
comprising preparing a plurality of region size prescribed
tables and switching them based on one or more of an image
size, a picture type and a quantization parameter prescribing
roughness of quantization.

27. A video decoding method wherein a decoded image is
used as a reference image for prediction of an image to be
decoded next, comprising:

decoding specific information indicating that a restored

image generated by applying a loop filter to a decoded
image is used as a reference image or the decoded image
is used as the reference image derived from a residual
between the local decoded image and the input image
signal and a residual between the restored image and the
input image; and

storing the decoded image or the restored image in a

memory as the reference image the specific information.

28. The video decoding method according to claim 27,
wherein the region setting information decoding step com-
prises a region setting information decoding step of decoding
region setting information for determining a size of a local
region to decode the specific information and set it for each
local region in a frame.

29. The video decoding method according to claim 27,
wherein the region setting information decoding step decodes
the region setting information for each frame or for each local
region in the frame.

30. The video decoding method according to claim 28,
wherein the region setting information is a value indicating a
size of the local region.

31. The video decoding method according to claim 28,
wherein the region setting information indicates a partition-
ing manner for partitioning an inside of the local region of a
given size.

32. The video decoding method according to claim 28,
wherein the region setting information is an index indicating
a region size determined by a region size prescribed table
prepared beforehand or a partitioning manner.

33. The video decoding method according to claim 32,
comprising preparing a plurality of region size prescribed
tables and switching them based on one or more of an image
size, a picture type and a quantization parameter prescribing
roughness of quantization.

34. The video encoding method, wherein the step of gen-
erating a restored image by applying a filter to an encoded
local decoded image according to claim 1 executes determin-
ing whether the local decoded image is a block boundary and
filter processing for eliminating a block distortion on a pixel
by which the local decoded image is determined as the block
boundary.

35. The video decoding method, wherein the step of gen-
erating the restored image by applying a filter to the decoded
image according to claim 2 comprises determining whether
the local decoded image is a block boundary, and performing
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filter processing for eliminating a block distortion on a pixel
by which the local decoded image is determined to be the
block boundary.

36. A video encoding method wherein an encoded image is
used as areference image for motion compensated prediction,
comprising:

generating a restored image by applying a loop filter to a

local decoded image of an encoded image;

setting filter coefficient information of the loop filter the

restored image and input image;
encoding the filter coefficient information;
encoding specific information indicating that the local
decoded image or the restored image is used as a refer-
ence image derived from a residual between the local
decoded image and the input image signal and a residual
between the restored image and the input image; and

using the local decoded image or the restored image as the
reference image for motion compensated prediction the
specific information.

37. A video decoding method wherein a decoded image is
used as areference image for motion compensated prediction,
comprising:

generating a restored image by applying a loop filter to a

decoded image;

decoding filter coefficient information of the loop filter;

decoding specific information indicating that the local

decoded image or the restored image is used as a refer-
ence image derived from a residual between the local
decoded image and the input image signal and a residual
between the restored image and the input image; and
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using the decoded image or the restored image as the ref-
erence image for motion compensated prediction the
specific information.

38. The video encoding method according to claim 20,
wherein the region setting information is hierarchical parti-
tioning information for partitioning an inside of the local
region into regions shrinking sequentially with increasing
depth of the hierarchical layer.

39. The video encoding method according to claim 38,
wherein the hierarchical partitioning information is region
partitioning information indicating whether or not respective
regions of each hierarchical layer are partitioned.

40. The video encoding method according to claim 38,
wherein the hierarchical partitioning information includes
maximum hierarchical information indicating a maximum
value of depth of the hierarchical layer.

41. The video decoding method according to claim 28,
wherein the region setting information is hierarchical parti-
tioning information for partitioning the local region into
regions shrinking sequentially with increasing depth of the
hierarchical layer.

42. The video decoding method according to claim 41,
wherein the hierarchical partitioning information is region
partitioning information indicating whether or not respective
regions of each hierarchical layer are partitioned.

43. The video decoding method according to claim 41,
wherein the hierarchical partitioning information includes
maximum hierarchical information indicating a maximum
value of depth of the hierarchical layer.
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