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(57) ABSTRACT 

An image encoding apparatus includes a transform/quantiza 
tion unit configured to perform transform and quantization 
with respect to a prediction error signal indicative of a differ 
ence value between a predicted image signal and an input 
image signal in order to generate a quantized transform coef 
ficient, a encoding unit configured to perform entropy encod 
ing with respect to the quantized transform coefficient in 
order to generate encoded data, a derivation unit configured to 
derive prediction complexity indicative of a degree of com 
plication of the prediction processing, a determination unit 
configured to determine filtering strength for a locally 
decoded image signal to become low as the prediction com 
plexity increases, a filter unit configured to perform deblock 
ing filter processing with respect to the locally decoded image 
signal in accordance with the filtering strength, and a storage 
unit configured to store the locally decoded image signal after 
the deblocking filter processing. 
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METHOD AND APPARATUS FOR IMAGE 
ENCOOING AND IMAGE DECODING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation Application of PCT Applica 
tion No. PCT/JP2008/061412, filed Jun. 23, 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 Application No. 
2007-1681 19, filed Jun. 26, 2007, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to a method and an 
apparatus for image coding for a moving image or a still 
image. 
0005 2. Description of the Related Art 
0006. In recent years, an image coding method having a 
greatly improved coding efficiency is recommended as 
ITU-T Rec. H.264 and ISO/IEC 14496-10 (which will be 
referred to as H.264 hereinafter) by both ITU-T and ISO/IEC. 
In H.264, prediction processing, transform processing, and 
entropy coding processing are carried out in rectangular 
blocks. Therefore, a difference in distortions at a block 
boundary which is so-called block distortion may be possibly 
produced. To reduce the block distortion, a block distortion 
reducing filter called a deblocking filter is defined as in-loop 
processing, and it functions as one of useful tools for reducing 
the block distortion and improving the coding efficiency (G. 
Bjontegaard, “Deblocking filter for 4x4 based coding, 
ITU-T Q. 15/SG16 VCEG document, Q15-J-27, May 2000. 
Reference 1). 
0007 Since the block distortion often occurs when coding 

is carried out in a high compression state, deblocking filter 
processing is designed to be adaptively performed in accor 
dance with a region where the block distortion becomes obvi 
ous by changing a threshold value of the filter depending on a 
value of a quantization parameter. 
0008. On the other hand, when adopting the deblocking 

filter, a method for controlling a tap length or a filter coeffi 
cient of a filter that is utilized in accordance with filtering 
strength is suggested (A. Joch, “Loop Filter Simplification 
and Improvement”, Joint Video Team of ISO/IEC MPEG & 
ITU-TVCEG, JVT-D037, July 2002/: Reference 2). 
0009 Further, a method for utilizing inter-block predic 
tion mode information, motion vector information, coded 
frame reference information, and others to determine the 
filtering strength is suggested (JP-A 2004-96719 (KOKAI): 
Reference 3). 
0010. According to the technique in Reference 1, an object 

is to reduce block distortions, and filter processing is carried 
out in accordance with a signal value at a block boundary of 
a locally decoded image. Therefore, deblocking filter pro 
cessing may be possibly performed with respect to an edge 
that is present in an input image as an original image depend 
ing on a setting of a threshold value, and hence an image 
quality difference between the input image and a decoded 
image may become considerable in some cases. 
0011. On the other hand, according to the technique dis 
closed in Reference 2 or Reference 3, it is defined that high 
filtering strength is set when a target block coding mode is 
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intra-prediction, and hence an image quality difference may 
likewise become considerable in some cases. 

BRIEF SUMMARY OF THE INVENTION 

0012. According to an aspect of the present invention, 
there is provided an image encoding method comprising: 
performing prediction processing using a reference image 
signal in compliance with a selected prediction mode with 
respect to a target block of an input image signal that is input 
in blocks obtained by dividing an image frame to generate a 
predicted image signal in prediction blocks; generating a 
prediction error signal of the predicted image signal with 
respect to the input image signal; performing transform and 
quantization with respect to the prediction error signal to 
generate a quantized transform coefficient; performing 
entropy encoding with respect to the quantized transform 
efficiency to generate encoded data; performing inverse quan 
tization and inverse transform with respect to the quantized 
transform coefficient to generate a decoded prediction error 
signal; adding the predicted image signal to the decoded 
prediction error signal to generate a locally decoded image 
signal; deriving prediction complexity indicative of a degree 
of complication of the prediction processing; determining 
filtering strength for the locally decoded image signal in Such 
a manner that it becomes lower as the prediction complexity 
increases; performing deblocking filter processing with 
respect to the locally decoded image signal in accordance 
with the filtering strength; and storing the locally decoded 
image signal after the deblocking filter processing to be used 
as the reference image signal. 
0013. According to another aspect of the present inven 
tion, there is provided an image decoding method compris 
ing: performing entropy decoding with respect to input 
encoded data to generate prediction information including a 
prediction mode and a quantized transform coefficient; per 
forming prediction processing using a reference image signal 
in compliance with the prediction mode to generate a pre 
dicted image signal in prediction blocks; performing inverse 
quantization and inverse transform with respect to the quan 
tized transform coefficient to generate a prediction error Sig 
nal; adding the predicted image signal to the prediction error 
signal to generate a decoded image signal; deriving prediction 
complexity indicative of a degree of complication in the pre 
diction processing; determining filtering strength for the 
decoded image signal in Such a manner that it becomes lower 
as the prediction complexity increases; performing deblock 
ing filter processing with respect to the decoded image signal 
in accordance with the filtering strength; storing the decoded 
image signal after the deblocking filter processing to be used 
as the reference image signal; and outputting the decoded 
image signal after the deblocking filter processing to be out 
put as an output image signal. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0014 FIG. 1 is a block diagram showing an image encod 
ing apparatus according to first and second embodiments; 
0015 FIG. 2 is a view showing a flow of encoding pro 
cessing: 
0016 FIG. 3 is a view showing a 16x16 pixel block; 
0017 FIG. 4 is a view showing information included in a 
coding parameter; 
0018 FIG. 5A is a view showing a 4x4 pixel block; 
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0019 FIG. 5B is a view showing an 8x8 pixel block: 
0020 FIG. 6 is a block diagram showing a prediction unit 
according to first to fourth embodiments; 
0021 FIG. 7 is a view showing prediction directions of 
intra-prediction; 
0022 FIG. 8 is a view showing a prediction method of 
vertical prediction (a mode 0) of the intra-prediction; 
0023 FIG. 9A is a view showing a position to which 
deblocking filter processing which is performed for a target 
block in a vertical direction is applied: 
0024 FIG. 9B is a view showing a position to which 
deblocking filter processing which is performed for a target 
block in a horizontal direction is applied; 
0025 FIG. 10 is a view showing the arrangement of target 
pixels and adjacent pixels utilized for the deblocking filter 
processing at a target block boundary; 
0026 FIG. 11 is a view showing the allocation of filtering 
strength at a block boundary in a macro block; 
0027 FIG. 12 is a block diagram showing a filtering 
strength determination unit; 
0028 FIG. 13A is a view showing a relationship between 
each prediction mode, each prediction method, and each pre 
diction complexity allocated to a corresponding prediction 
method; 
0029 FIG. 13B is a view showing a relationship between 
each prediction mode, each prediction method, and each pre 
diction complexity allocated to a corresponding prediction 
method; 
0030 FIG. 14A is a view showing a relationship between 
each prediction block index, each prediction block size, and 
each prediction complexity allocated to a corresponding pre 
diction block size in case of intra-prediction; 
0031 FIG. 14B is a view showing a relationship between 
each prediction block index, each prediction block size, and 
each prediction complexity allocated to a corresponding pre 
diction block size in case of inter-prediction; 
0032 FIG. 15A is a view showing each block prediction 
order, each prediction accuracy, and each prediction com 
plexity allocated to a corresponding prediction accuracy; 
0033 FIG. 15B is a view showing each block prediction 
order, each prediction accuracy, and each prediction com 
plexity allocated to a corresponding prediction accuracy; 
0034 FIG. 16 is a view showing slice header information 
included in encoded data; 
0035 FIG. 17 is a flowchart showing a flow of filtering 
strength determination processing: 
0036 FIG. 18 is a flowchart showing a flow of the filtering 
strength determination processing: 
0037 FIG. 19 is a flowchart showing a flow of the filtering 
strength determination processing: 
0038 FIG.20 is a view showing an intra-prediction unit in 
a second embodiment; 
0039 FIG. 21A is a view showing a prediction order of 
blocks in raster block prediction; 
0040 FIG. 21B is a view showing a prediction order of 
blocks in inverse raster block prediction; 
0041 FIG.22A is a view showing a prediction method of 
8x8 pixel intra-prediction in the inverse raster block predic 
tion; 
0042 FIG.22B is a view showing a prediction method of 
4x4 pixel intra-prediction in the inverse raster block predic 
tion; 
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0043 FIG. 23A is a view showing a relationship between 
coded blocks and uncoded blocks in the 8x8 pixel intra 
prediction in the inverse raster block prediction; 
0044 FIG. 23B is a view showing a relationship between 
coded blocks and uncoded blocks in the 8x8 pixel intra 
prediction in the inverse raster block prediction; 
0045 FIG. 23C is a view showing a relationship between 
coded blocks and uncoded blocks in the 8x8 pixel intra 
prediction in the inverse raster block prediction; 
0046 FIG. 23D is a view showing a relationship between 
coded blocks and uncoded blocks in the 8x8 pixel intra 
prediction in the inverse raster block prediction; 
0047 FIG. 24 is a view for explaining vertical prediction 
(a mode 0) of extrapolation blocks; 
0048 FIG. 25 is a view showing prediction directions of 
the intra-prediction; 
0049 FIG. 26A is a view for explaining inverse vertical 
prediction of the inverse raster block prediction; 
0050 FIG. 26B is a view for explaining the inverse vertical 
prediction of the inverse raster block prediction; 
0051 FIG. 27 is a view showing a relationship between 
each prediction Switching flag, each prediction method, and 
each prediction complexity allocated to a corresponding pre 
diction method; 
0.052 FIG. 28A is a view showing a relationship between 
each prediction block index, each block prediction method, 
and each prediction complexity allocated to a corresponding 
block prediction method; 
0053 FIG. 28B is a view showing a relationship between 
each block prediction method, each distance from a reference 
pixel, and each prediction complexity allocated to a corre 
sponding distance from the reference pixel; 
0054 FIG. 29A is a view showing a relationship between 
each prediction block index, each number of available refer 
ence pixels, and each prediction complexity allocated to a 
corresponding number of available reference pixels at the 
time of raster block prediction; 
0055 FIG. 29B is a view showing a relationship between 
each block prediction method, each distance from a reference 
pixel, and each prediction complexity allocated to a corre 
sponding distance from the reference pixel at the time of 
inverse raster block prediction; 
0056 FIG. 30 is a flowchart showing a flow of filtering 
strength determination processing: 
0057 FIG.31 is a flowchart showing a flow of the filtering 
strength determination processing; and 
0.058 FIG.32 is a block diagram showing a pixel decoding 
apparatus according to the third and fourth embodiments. 

DETAILED DESCRIPTION OF THE INVENTION 

0059 Embodiments according to the present invention 
will now be described hereinafter with reference to the draw 
ings. 

<Image Encoding Apparatus.> 
First Embodiment 

0060 Referring to FIG. 1, in an image encoding apparatus 
according to a first embodiment of the present invention, an 
input image signal 120 of a moving image or a still image in 
units of frame or field is divided in accordance with each 
Small pixel block, e.g., each macro block (MB) and input to a 
encoding unit 100. Here, the macro block is determined as a 
basic processing block size of encoding processing. A coding 
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target macro block of the input image signal 120 will be 
simply referred to as a target block hereinafter. 
0061. In the encoding unit 100, a plurality of prediction 
modes having different block sizes or predicted image signal 
generation methods are prepared. 
0062. As the predicted image signal generation methods, 
specifically, there are roughly in-frame prediction for per 
forming prediction in a coding target frame alone and inter 
frame prediction for performing prediction by using a plural 
ity of reference frames which are different in terms of time. In 
this embodiment, it is determined that coding processing is 
carried out from an upper left side toward a lower right side as 
shown in FIG. 2 for ease of explanation. 
0063 Although the macro block is typically such a 16x16 
pixel block as shown in FIG.3, a 32x32 pixel block unit oran 
8x8 pixel block unit may be adopted, and a shape of the macro 
block does not have to be a square lattice. 
0064. The encoding unit 100 is a device that performs 
compression encoding in accordance with each target block 
of the input image signal 120 to output a code string, and it 
includes a prediction unit 101, a mode determination/predic 
tion error calculation unit 102, a transform/quantization unit 
103, an inverse quantization/inverse transform unit 104, an 
entropy encoder 105, an adder 106, a filtering strength 
changeover switch 107, a deblocking filter unit 108, a refer 
ence memory 109, and a filtering strength determination unit 
110. A encoding control unit 111 and an output buffer 112 are 
provided outside the encoding unit 100. The image encoding 
apparatus depicted in FIG. 1 is realized by hardware such as 
an LSI chip or realized by executing an image encoding 
program in a computer. 
0065. The input image signal 120 is input to the mode 
determination/prediction error calculation unit 102. To the 
mode determination/prediction error calculation unit 102 is 
further input a predicted image signal 121 that is generated by 
respective prediction modes, e.g., the intra-prediction or the 
inter-prediction. The mode determination/prediction error 
calculation unit 102 has a function of performing a mode 
determination which will be described later in detail and 
Subtracting the predicted image signal 121 from the input 
image signal 120 to calculate a prediction error signal 122. 
The prediction error signal 122 output from the mode deter 
mination/prediction error calculation unit 102 is input to the 
transform/quantization unit 103. 
0066. In the transform/quantization unit 103, orthogonal 
transform such as discrete cosine transform (DCT) is effected 
with respect to the prediction error signal 122 to generate a 
transform coefficient. Further, in the transform/quantization 
unit 103, the transform coefficient is quantized in accordance 
with quantization information including a quantization 
parameter and a quantization matrix given by the encoding 
control unit 111, thereby outputting a transform coefficient 
Subjected to quantization (a quantized transform coefficient) 
123. Here, although such discrete cosine transform as utilized 
in H.264 has been described as a transform method in the 
transform/quantization unit 103, a technique Such as discrete 
sine transform, wavelet transform, or independent compo 
nent analysis may be used. 
0067. The quantized transform coefficient 123 output 
from the transform/quantization unit 103 is input to the 
inverse quantization/inverse transform unit 104 and the 
entropy encoder 105. In the entropy encoder 105, entropy 
encoding, e.g., Huffman coding or arithmetic coding is 
executed with respect to various coding parameters utilized 
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when encoding a target block including a quantized transform 
coefficient 118, prediction information 124 output from the 
encoding control unit 111, and others, thereby generating 
encoded data. Here, the coding parameters mean various 
parameters which are required when decoding not only pre 
diction information 124 but also information concerning the 
transform coefficient or information concerning quantiza 
tion. 
0068. The encoded data generated by the entropy encoder 
105 is output from the encoding unit 100, multiplexed to be 
temporarily stored in the output buffer 112, and then output to 
the outside of the image encoding apparatus as encoded data 
125 in accordance with an output timing managed by the 
encoding control unit 111. The encoded data 125 is supplied 
to a non-illustrated storage system (a storage medium) or 
transmission system (a communication line). 
0069 FIG. 4 shows syntax elements defined by macro 
block levels as examples of the coding parameter. Each ele 
ment is as follows. mb type includes macro block type infor 
mation, i.e., information indicating which one of intra-coding 
and inter-coding is utilized to code a current macro block. 
coded block pattern indicates whether a transform coeffi 
cient is present in accordance with each 8x8 pixel block. For 
example, when a value of coded block pattern is 0, this 
means that no transform coefficient is present in a target 
block. mb qp delta indicates information concerning a 
quantization parameter, and it represents a difference value 
from a quantization parameter of a block that is coded imme 
diately before a target block. intra pred mode is indicative of 
a prediction mode representing a prediction method of the 
intra-prediction. Each of ref idx 10 and ref idx 11 is 
indicative of a reference image index representing a reference 
image that is utilized for predicting a target block when the 
inter-prediction is selected. Each of mv 10 and mV 11 indi 
cates motion vector information. transform 8x8 flag is 
indicative of transform information showing whether a target 
block is an 8x8 pixel block. prediction order type is indica 
tive of a type of a prediction order for a target block. For 
example, each target block is processed in a raster scan order 
when prediction order type is 0, and it is processed in an 
inverse raster scan order when prediction order type is 1. 
0070 A syntax element which is not defined in this 
embodiment in particular can be inserted into a space 
between lines in FIG.4, or a description concerning any other 
conditional branching may be included in this space. A syntax 
table can be divided into a plurality of tables to be integrated. 
Furthermore, similar notation as that shown in FIG. 4 does not 
have to be used, and the notation may be arbitrarily changed 
depending on a conformation to be utilized. 
0071. On the other hand, the quantized transform coeffi 
cient 123 output from the transform/quantization unit 103 is 
input to the inverse quantization/inverse transform unit 104. 
In the inverse quantization/inverse transform unit 104, 
inverse quantization processing is first effected to the quan 
tization transform coefficient 123. Here, quantization infor 
mation typified by similar quantization parameter, a quanti 
Zation matrix, and others as that used in the transform/ 
quantization unit 103 is loaded from the encoding control unit 
111 to be subjected to inverse quantization processing. 
0072. When the transform coefficient after the inverse 
quantization is Subjected to inverse orthogonal transform 
such as inverse discrete cosine transform (IDCT), a decoded 
prediction error signal 126 is reproduced. The decoded pre 
diction error signal 126 is input to the adder 106. In the adder 
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106, the decoded prediction error signal 126 is added to the 
predicted image signal 121 output from the prediction unit 
101 to generate a locally decoded image signal 127. 
0073. The locally decoded image signal 127 is input to the 
deblocking filter unit 108 through the filtering strength 
changeover switch 107, subjected to deblocking filter pro 
cessing by any one of a plurality of pixel filters A to D 
included in the filter unit 108, and then stored in the reference 
memory 109 as a reference image signal 131. In the deblock 
ing filter unit 108, a deblocking skip line E that does not 
perform the filter processing is further provided. 
0074 Reference is made to the reference image signal 131 
stored in the reference memory 109 at the time of prediction 
carried out by the prediction unit 101. In the reference 
memory 109, not only the reference image signal 131 (the 
locally decoded image signal after the deblocking filter pro 
cessing) utilized at the time of prediction but also a coding 
parameter 128 used at the time of encoding in the entropy 
encoder 105 is also stored. 
0075 When the encoding of each target block of the input 
image signal 120 is completed, the coding parameter 128 
which is output from the entropy encoder 105 and associated 
with the target block is input to the reference memory 109 via 
the filtering strength determination unit 110 and stored in the 
reference memory 109 together with the reference image 
signal 131 as the decoded image signal Subjected to the 
deblocking filter processing. The coding parameter 128 is 
utilized at the time of filtering strength calculation for a cor 
responding blockassociated with a subsequent target block of 
the input image signal 120 in the locally decoded image signal 
127 which should be encoded. 

0.076 (Prediction Unit 101) 
0077. In the prediction unit 101, a pixel (a coded reference 
pixel) of the reference image signal 132 read from the refer 
ence memory 109 is utilized to perform the inter-prediction or 
the intra-prediction, whereby the predicted image signal 121 
that can be selected for a target block is generated. However, 
in regard to a prediction mode in which the Subsequent pre 
diction cannot be effected unless the locally decoded image 
signal is generated in the target block like the intra-prediction 
in H.264 such as 4x4 pixel intra-prediction shown in FIG. 5A 
or 8x8 pixel intra-prediction depicted in FIG. 5B, the trans 
form/quantization and the inverse quantization/inverse trans 
form may be carried out in the prediction unit 101. 
0078. As shown in FIG. 6, the prediction unit 101 has a 
prediction changeover Switch 201, an intra-prediction unit 
202, and an inter-prediction unit 203. When the reference 
image signal 132 read from the reference memory 109 and the 
prediction information 124 from the encoding control unit 
111 are input to the prediction unit 101, the prediction 
changeover Switch 201 changes over the intra-prediction unit 
202 and the inter-prediction unit 203 in response to the pre 
diction information 124. Specifically, when a slice that is 
currently being coded is an intra-coded slice, the prediction 
changeover switch 201 leads the reference image signal 132 
to the intra-prediction unit 202. On the other hand, when a 
slice that is currently being coded is an inter-coded slice, the 
prediction changeover switch 201 uses the prediction infor 
mation 124 to determine one of the intra-prediction unit 202 
and the inter-prediction unit 203 to which the reference image 
signal 132 is input. Each of the intra-prediction unit 202 and 
the inter-prediction unit 203 carries out the intra-prediction or 
the inter-prediction which will be described later to output the 
predicted image signal 121. 
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(0079 (Intra-Prediction Unit 202) 
0080. As a specific example of the intra-prediction unit 
202, the intra-prediction of H.264 will be described. In the 
intra-prediction of H.264, the 4x4 pixel intra-prediction (see 
FIG. 5A), the 8x8 pixel intra-prediction (see FIG. 5B), and 
the 16x16 pixel intra-prediction (see FIG. 3) are defined. In 
the intra-prediction, the reference image signal 132 from the 
reference memory 109 is utilized to generate an interpolation 
pixel, and this pixel is copied in a spatial direction to produce 
a pixel value of a pixel (a predicted pixel) of the predicted 
image signal 121. 
I0081 FIG. 7 shows prediction directions in each predic 
tion mode of the 4x4 pixel intra-prediction. Further, FIG. 8 
shows a prediction method in case of Vertical prediction as a 
prediction mode 0. Reference characters A to M in FIG. 8 
denote pixels (reference pixels) of the reference image signal 
132 loaded from the reference memory 109. In the prediction 
mode 0, pixel values at positions of the reference pixels A, B, 
C, and Dare simply copied in the vertical direction to gener 
ate pixel values a top of predicted pixels. The pixel values a 
top of the predicted pixels are generated based on the follow 
ing expressions, respectively. 

dh.lp=D (1) 

I0082. According to prediction methods in prediction 
modes 1 to 8 other than the prediction mode 0, pixel values of 
predicted pixels are generated based on similar concept. 
I0083 (Inter-Prediction Unit 203) 
I0084. The inter-prediction unit 203 will now be described. 
In the inter-prediction unit 203, when predicting a target 
block, a plurality of coded reference pixels included in the 
reference image signals stored in the reference memory 109 
are utilized to effect block matching. In the block matching, a 
shift amount (a motion vector) of each of the plurality of 
reference pixels from a pixel of a target block of the input 
image signal 120 as an original image is calculated, and this 
shift amount is utilized to output an image having the Smallest 
difference from the original image in predicted images as the 
predicted image signal 121. This shift amount is calculated in 
the form of an integral pixel accuracy or a fractional pixel 
accuracy. When the shift amount is calculated as a fractional 
pixel accuracy, a corresponding reference pixel is also used to 
create an interpolation image in accordance with the accu 
racy. The calculated shift amount is added as motion vector 
information to the prediction information 124, also supplied 
to the entropy encoder 105 to be subjected to entropy encod 
ing, and then multiplexed in encoded data. (Mode Determi 
nation/Prediction Error Calculation Unit 102) 
I0085. The predicted image signal 121 generated by the 
prediction unit 101 is input to the mode determination/pre 
diction error calculation unit 102. In the mode determination/ 
prediction error calculation unit 102, an optimum prediction 
mode is selected (which is called a mode determination) 
based on the input image signal 120, the predicted image 
signal 121, and the prediction information 124 used in the 
prediction unit 101. Next, the mode determination/prediction 
error calculation unit 102 generates the prediction error signal 
122 associated with the selected optimum prediction mode. 
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The prediction error signal 122 is generated by Subtracting 
the predicted image signal 121 from the input image signal 
120. 
I0086) Giving a more specific explanation, the mode deter 
mination/prediction error calculation unit 102 carries out the 
mode determination using such a cost as represented by the 
following expression. Assuming that a code rate concerning 
the prediction information 124 is OH and a sum of absolute 
difference between the input image signal 120 and the pre 
dicted image signal 121 (which means an absolute cumulative 
sum of the prediction error signal 122) is SAD, the following 
mode determination expression is used. 

K=SAD-2xOH (2) 

where K is a cost, and w is a Lagrangian undetermined mul 
tiplier which is determined based on a value of a quantization 
scale or a quantization parameter. 
0087. The mode determination is carried out based on the 
thus obtained cost K. That is, a mode in which the cost K gives 
the Smallest value is selected as the optimum prediction 
mode. 
0088. In the mode determination/prediction error calcula 
tion unit 102, the mode determination may be carried out by 
(a) using the prediction information 124 alone or (b) using 
SAD alone in place of Expression (2), or (c) a value obtained 
by performing Hadamard transform with respect to the pre 
diction information 124 or the SAD oran approximated value 
of this value may be utilized. Moreover, in the mode deter 
mination/prediction error calculation unit 102, an activity (a 
variance of a signal value) of the input image signal 120 may 
be used to create a cost, or a quantization scale or a quanti 
Zation parameter may be utilized to create a cost function. 
0089 Additionally, as another example, a temporary 
encoding unit may be prepared, and a code rate when the 
prediction error signal 122 generated in a given prediction 
mode is actually encoded by the temporary encoding unit and 
a square error between the input image signal 120 and the 
locally decoded image signal 127 or a square error between 
the input image signal 120 and a locally decoded image signal 
131 after the deblocking filter processing may be utilized to 
effect the mode determination. A mode determination expres 
sion in this case is as follows. 

JFD-XR (3) 

where J is a coding cost, and D is coding distortion represent 
ing a square error between the input image signal 120 and the 
locally decoded image 120 or a square error between the input 
image signal 120 and the locally decoded image signal 131 
after the deblocking filter processing. On the other hand, R 
denotes a code rate estimated by temporary encoding. 
0090 When the coding cost J in Expression (3) is used, the 
temporary encoding and the local decoding processing are 
required in accordance with each prediction mode, and hence 
a circuit Scale or an arithmetic amount increases. Contrarily, 
since the more accurate code rate and coding distortion are 
utilized, a high coding efficiency can be maintained. A cost 
may be calculated by using R alone or D alone in place of 
Expression (3), or a cost function may be generated by using 
an approximated value of R or D. 
0091 (Deblocking Filter Unit 108) 
0092. The deblocking filter unit 108 will now be 
described. The deblocking filter processing means filter pro 
cessing for removing block distortion which is high-fre 
quency noise generated at a boundary between a target block 
and an adjacent block. The locally decoded image signal 127 
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output from the adder 106 is input to the filtering strength 
changeover switch 107. The filtering strength changeover 
switch 107 leads the locally decoded image signal 127 from 
the adder 106 to any one of the pixel filters A to D or the 
deblocking skip line E in order to change over the filtering 
strength of the deblocking filter unit 108 in accordance with 
filtering strength information 130 output from the filtering 
strength determination unit 110. 
(0093. The filtering strength information 130 is called a BS 
value. The deblocking filter processing is carried out by lead 
ing the locally decoded image signal 127 to the pixel filter A 
when the BS value is 4, leading the locally decoded image 
signal 127 to the pixel filter B when the BS value is 3, leading 
the locally decoded image signal 127 to the pixel filter C when 
the BS value is 2, and leading the locally decoded image 
signal 127 to the pixel filter D when the BS value is 1, and the 
deblocking filter processing is prevented from being per 
formed by leading the locally decoded image signal 127 to the 
deblocking skip line E when the BS value is 0. 
0094. The deblocking filter processing is applied to a 
block boundary of the locally decoded image signal 127. 
Each of FIGS. 9A and 9B shows an example where the filter 
processing is performed at a block boundary in a vertical 
direction. A solid line represents a situation where the filter 
processing is performed at both an 8x8 block boundary and a 
4x4 block boundary, and a broken line represents a situation 
where the filter processing is effected at the 4x4 block bound 
ary. Although the filter processing is first performed in the 
vertical direction as shown in FIG. 9A and then the filter 
processing is carried out in a horizontal direction as shown in 
FIG.9B in this embodiment, the filter processing may be first 
performed in the horizontal direction and then the filter pro 
cessing may be effected in the vertical direction. 
0.095 FIG. 10 shows an example of pixel arrangement to 
be utilized when the deblocking filter processing is carried 
out. Each index denoted by p in the drawing indicates a pixel 
of a target block (a target pixel), and each index denoted by q. 
indicates a pixel of a block adjacent to the target block (an 
adjacent pixel). That is, this means that a block boundary is 
present between p0 and q0. Although the deblocking filter 
processing is carried out with respect to 8 pixels shown in 
FIG. 10, a pixel which is not utilized due to, e.g., a filter tap 
length may be limited, and filter processing using more pixels 
on both expanded sides may be effected. 
(0096 (Filtering Strength Determination Unit 110) 
0097 FIG. 11 shows an example of filtering strength allo 
cated to each block boundary described in FIGS. 9A and 9B. 
In FIG. 11, filtering strength associated with BS=4 is given to 
upper and left block boundaries (indicated by heavy lines) in 
a screen, and BS-3 is given to any other block boundaries 
(indicated by narrow lines). The filtering strength (a BS 
value) is set in accordance with each block boundary in this 
manner, and the deblocking filter processing is carried out by 
using a pixel filter associated with a set BS value. 
(0098. The pixel filters A to D will now be described. The 
pixel filters Ato Dhave, e.g., different filter types, tap lengths, 
and filter coefficients as the filter strength differs. In this 
embodiment, the filter A has the highest filtering strength, and 
the filtering strength is set to be gradually weakened in order 
of the filter B, the filter C, and the filter D. Therefore, selecting 
any one of the pixel filters A to D in accordance with the 
filtering strength information 130 supplied from the filtering 
strength determination unit 110 enables selectively changing 
the filtering strength adapted to a target block. However, the 
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pixel filters A to D have different calculation amounts with 
differences in the filtering strength. 
0099 (Specific Example 1 of Filtering Strength Determi 
nation Unit 110: Intra-Coding) 
0100. The filtering strength determination unit 110 will 
now be described in detail. The filtering strength determina 
tion unit 110 has a function of receiving the coding parameter 
128 of a target block used when coding the target block and a 
coding parameter 129 of an adjacent block adjacent to the 
target block stored in the reference memory 109 as inputs and 
determining the filtering strength of the deblocking filter pro 
cessing based on the coding parameters 128 and 129. 
0101 FIG. 12 shows a specific example of the filtering 
strength determination unit 110 in this embodiment, and this 
unit has a target block coding parameter extraction unit 301, 
an adjacent block coding parameter extraction unit 302, a 
prediction complexity derivation unit 303, and a filtering 
strength information calculation unit 304. 
0102 The target block coding parameter extraction unit 
301 and the adjacent block coding parameter extraction unit 
302 extract information required as prediction information 
311 of a target block and prediction information 312 of an 
adjacent block, e.g., a prediction mode indicative of a predic 
tion method, a prediction block index indicative of a predic 
tion block size, and information of a block prediction order 
from the coding parameter 128 of the target block and the 
coding parameter 129 of the adjacent block which have been 
input thereto, respectively. 
(0103) The pieces of prediction information 311 and 312 
extracted by the target block coding parameter extraction unit 
301 and the adjacent block coding parameter extraction unit 
302are input to the prediction complexity derivation unit 303. 
It is to be noted that, when the prediction information required 
for the target block is the same as that required for the adjacent 
block, the two coding parameter extraction units 301 and 302 
do not necessarily have to be provided, and one of these units 
may be shared. Further, the pieces of information extracted by 
the target block coding parameter extraction unit 301 and the 
adjacent block coding parameter extraction unit 302 do not 
necessarily have to be required in relation to the prediction 
mode, the prediction block index, and the block prediction 
order, and at least one piece of information may be extracted, 
or another parameter that affects the prediction complexity 
may be extracted. Furthermore, the pieces of information 
extracted by the target block coding parameter extraction unit 
301 and the adjacent block coding parameter extraction unit 
302 may be changed in accordance with each coded slice. 
0104 Prediction information 311 of the target block out 
put from the target block coding parameter extraction unit 
301 and prediction information 312 of the adjacent block 
output from the adjacent block coding parameter extraction 
unit 302 are input to the prediction complexity derivation unit 
303. The prediction complexity derivation unit 303 retains a 
table that is used for deriving prediction complexity indica 
tive of a degree of complication of the prediction processing 
in accordance with the input pieces of prediction information 
311 and 312. 
0105 FIG. 13A shows an example of a table for deriving 
prediction complexity from a prediction method defined in a 
prediction mode. Here, the prediction mode is associated with 
the intra-prediction of H.264 shown in FIG. 7. In the example 
of FIG. 13A, prediction complexity 1 is given with respect to 
a prediction mode 0 (vertical prediction) and a prediction 
mode 1 (horizontal prediction) for enabling generation of a 

Jun. 3, 2010 

prediction value by simply copying a pixel and a prediction 
mode 2 (DC prediction) for generating a prediction value by 
using an average value of reference pixels. As explained 
above, the prediction complexity represents a degree of com 
plication of the prediction processing, and it is specifically 
associated with, e.g., the number of processing steps 
(throughputs) concerning prediction. Since the number of 
processing steps in each of the prediction modes 0 to 1 is 1, the 
prediction complexity is set to 1. Further, since prediction 
values in a block all take the same value in a prediction mode 
2, the prediction complexity is set to 1. On the other hand, in 
other prediction modes 3 to 8, prediction is carried out by two 
steps of processing, i.e., (i) using a reference pixel to generate 
an interpolation pixel value and then (ii) copying a value in a 
prediction direction associated with FIG. 7, and hence pre 
diction complexity 2 is given to the prediction modes 3 to 8. 
0106 FIG. 13B shows another example of a table for 
deriving prediction complexity from a prediction method 
defined in a prediction mode. In the example of FIG. 13B, a 
unidirectional intra-prediction, unidirectional inter-predic 
tion, and bidirectional inter-prediction are defined in associa 
tion with prediction modes. The unidirectional intra-predic 
tion means the above-described intra-prediction of H.264. 
The unidirectional inter-prediction means the inter-predic 
tion for effecting above-described block matching. The pre 
diction complexity 1 is set with respect to the unidirectional 
intra-prediction and the unidirectional inter-prediction. 
0107 On the other hand, the bidirectional inter-prediction 
means inter-prediction for combining two types of unidirec 
tional inter-prediction to generate a prediction value (e.g., 
bidirectional inter-prediction of a B-slice in H.264). In the 
bidirectional inter-prediction, two types of unidirectional pre 
diction must be carried out and processing of combining 
respective prediction values is required as compared with the 
unidirectional inter-prediction, and hence this prediction has 
a higher degree of complication of the prediction processing 
than those of the unidirectional intra-prediction and the uni 
directional inter-prediction. Therefore, the prediction com 
plexity 2 is set with respect to the bidirectional prediction. 
0108. It is to be noted that “Prediction method in each of 
FIGS. 13A and 13B is shown to make a relationship between 
itself and the prediction mode understandable, and the pre 
diction mode and the prediction complexity alone are written 
and associated with each other in an actual table. 

0109 FIG. 14A shows a table for deriving prediction com 
plexity from a size of a prediction block defined in a predic 
tion block index. Here, as an example, prediction complexity 
of each of 16x16 prediction, 8x8 prediction, and 4x4 predic 
tion as prediction block sizes of the intra-prediction defined in 
H.264 is set. In general, since the prediction complexity of an 
entire target block increases with a reduction in a prediction 
size, Smaller complexity is set with respect to a larger predic 
tion block size. For example, in FIG. 14A, the prediction 
complexity 1 is set with respect to the 16x16 prediction, the 
prediction complexity 2 is set with respect to the 8x8 predic 
tion, and the prediction complexity 3 is set with respect to the 
4x4 prediction. 
0110 FIG. 14B shows another example of a table for 
deriving prediction complexity from a size of a prediction 
block defined in a prediction block index. Here, as an 
example, prediction complexity is set with respect to each of 
16x16 prediction, 16x8 prediction, 8x16 prediction, 8x8 pre 
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diction, 8x4 prediction, 4x8 prediction, and 4x4 prediction as 
prediction block sizes defined in the inter-prediction of 
H.264. 

0111. It is to be noted that “Prediction block index” in each 
of FIGS. 14A and 14B is shown to make a relationship 
between itself and the prediction block size understandable, 
and the prediction block index and the prediction complexity 
alone are written and associated with each other in an actual 
table. 

0112 Each of FIGS. 15A and 15B shows a table for deriv 
ing prediction complexity from a prediction accuracy defined 
in a block prediction order. The block prediction order indi 
cates the alignment of block indexes depicted in FIG. 5B. For 
example, a prediction order 0->1->2->3 means that 8x8 pixel 
blocks are predicted in a raster order. On the other hand, an 
order 3->2->1->0 means that the 8x8 pixel blocks are pre 
dicted in an inverse raster order. 
0113 FIG. 15A shows a table of prediction complexity 
when the block prediction order is the raster order 
(0->1->2->3). As apparent from FIG. 5B, the 8x8 pixel 
blocks having the indexes 0 to 3 are all predicted based on 
extrapolation using two predicted (coded) blocks adjacent to 
each other (an upper adjacent block and a left adjacent block), 
and hence a medium prediction accuracy, i.e., the same pre 
diction complexity 2 is set. 
0114. On the other hand, FIG. 15 shows a table of predic 
tion complexity when the block prediction order is the inverse 
raster order (3->2->1->0). In case of the inverse raster order, 
as apparent from FIG. 5B, since the block having the index 3 
is predicted based on extrapolation from non-adjacent refer 
ence pixels (an upper adjacent reference pixel of the block 
having the index 1 and a left adjacent reference pixel having 
the index 2), this block has the lowest prediction accuracy, 
and hence the lowest prediction complexity 1 is set. Since the 
block having the index 2 is predicted based on interpolation 
using two predicted adjacent blocks (a left adjacent block and 
a right adjacent block the block having the index 3) and the 
block having the index 1 is likewise predicted based on inter 
polation using two predicted adjacent blocks (an upper adja 
cent block and a lower adjacent block the block having the 
index 3), these blocks have a higher prediction accuracy than 
the block having the index3, and hence the higher prediction 
complexity 2 is set. Since the block having the index 0 is 
predicted based on interpolation using four Surrounding 
blocks (a left adjacent block, an upper adjacent block, a lower 
adjacent block the block having the index 2, and a right 
adjacent block the block having the index 1), this block has 
the highest prediction accuracy, and hence the highest predic 
tion complexity 3 is set. 
0115. It is to be noted that “Prediction accuracy’ in each of 
FIGS. 15A and 15B is shown to make a relationship between 
itself and the block prediction order understandable, and the 
block prediction order and the prediction complexity alone 
are written and associated with each other in an actual table. 
0116. The pieces of prediction complexity information 
313 and 314 indicative of the prediction complexity of the 
target block and the prediction complexity of the adjacent 
block derived by the prediction complexity derivation unit 
303 are input to the filtering strength information calculation 
unit 304. The filtering strength information calculation unit 
304 calculates all the pieces of filtering strength information 
130 associated with the block boundaries of the target block 
based on the pieces of input prediction complexity informa 
tion 313 and 314. 
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0117. A specific calculation method in the filtering 
strength information calculation unit 304 will now be 
described. First, the lowest prediction complexity value is 
calculated from the input pieces of prediction complexity 
information 313 and 314 based on the following expression. 

Comp X min(Comp A, Comp B, Comp C) (4) 

where Comp A is prediction complexity associated with a 
prediction mode, Comp B is prediction complexity associ 
ated with a prediction block size, and Comp C is prediction 
complexity associated with a prediction order. Comp X rep 
resents prediction complexity Comp T of a target block or 
prediction complexity Comp N of an adjacent block. min(A, 
B,C) is a function for returning a variable that gives the 
smallest value in variables A, B, and C. 
0118. Then, the prediction complexity at a block boundary 

is calculated by using the following expression. 
Comp=min(Comp TComp N) (5) 

where Comp represents prediction complexity finally allo 
cated to a corresponding block boundary. 
0119) A BS value as filtering strength is calculated with 
respect to the finally obtained prediction complexity of the 
corresponding block boundary by using the following expres 
S1O. 

BS-MAX BS-Comp (6) 

where MAX. BS represents a maximum value of the filtering 
strength, and it is MAX. BS=4 in this embodiment. 
0.120. The calculations shown in Expressions (4), (5), and 
(6) are performed at all block boundaries to which the filter 
processing is performed, thereby calculating the filtering 
strength information 130. min(A,B,C) in Expressions (4) and 
(5) may be changed to a function max(A.B.C) that returns 
maximum values of the variables A, B, and C, or a median 
value may be taken. Selection criteria in this example are 
adopted within the same framework as that of a later-ex 
plained image decoding apparatus. 
I0121 The above has described the example of deriving the 
prediction complexity from (a) the prediction mode indica 
tive of the prediction method, (b) the prediction block index 
indicative of the prediction block size, and (c) the block 
prediction order indicative of the prediction accuracy as 
explained in conjunction with FIGS. 13A, 13B. 14A, 14B, 
15A, and 15B. However, these three items do not have to be 
necessarily used for deriving the prediction complexity, and 
any one of (a), (b), and (c) may be used to derive the prediction 
complexity, or at least two of (a), (b), and (c) may be com 
bined to create one table. In this case, Comp N (N denotes one 
of A, B, and C) shown in Expression (4) should be initialized 
by using, e.g., MAX BS. 
0.122 FIG.16 shows an example of changing a method for 
deriving the prediction complexity in accordance with a 
coded sequence, a coded picture, and a coded slice. FIG. 16 
shows an example where an index deblocking filter type 
idcas a flag that can change a filtering strength determination 
method in the deblocking filter processing is transmitted by 
using a slice header. As described in conjunction with, e.g., 
FIGS. 13A, 13B, 14A, 14B, 15A, and 15B, this index 
deblocking filter type idc can change one of (a) the predic 
tion mode indicative of a prediction method, (b) the predic 
tion block index indicative of a prediction block size, and (c) 
a block prediction order indicative of a prediction accuracy to 
be utilized to calculate the prediction complexity. For 
example, in advance, FIG. 13A or FIG. 13B alone, which is a 



US 2010/01 35389 A1 

table for deriving the prediction mode indicative of a predic 
tion method, is utilized to allocate a type for determining the 
prediction complexity as deblocking filter type idc=0, and 
FIG. 15A or FIG. 15B showing a block prediction order 
indicative of a prediction accuracy is utilized to allocate a type 
for determining the prediction complexity as deblocking 
filter type idc=1. When such allocation is changed for each 
slice, the filtering strength determination method can be 
changed in accordance with characteristics of each slice. 
0123 (Specific Example 1 of Filtering Strength Determi 
nation Unit 110: Intra-Coding) 
0.124 Processing of the filtering strength determination 
unit 110 will now be described with reference to FIG. 17. The 
filtering strength determination unit 110 determines filtering 
strength at block boundaries in both the vertical direction and 
the horizontal direction required for the deblocking filter 
processing carried out at the block boundaries (a step S601). 
The filtering strength is determined at all block boundaries 
placed at block boundaries in FIG.9A or 9B to which the 
deblocking filter processing is performed. However, when a 
corresponding block boundary is an image boundary, the 
deblocking filter processing does not have to be carried out. 
0.125 First, whether a target pixel p and an adjacent pixel 
q at target block boundaries are pixels included in an intra 
macro block, i.e., whether these pixels have been intra-coded 
is determined (a step S602). 
0126 Here, when a determination result at the step S602 is 
No, since both the target block boundaries have been inter 
coded, the processing jumps to a filtering strength (BS value) 
determination processing inter-macro block (a step S604). 
Here, the determination on the inter-macro block filtering 
strength is made under other conditions that are not disclosed 
in this embodiment. 

0127. On the other hand, when the determination result at 
the step S602 is Yes, since the target pixel p or the adjacent 
pixel q has been intra-coded, whether the corresponding 
block boundary is a macro block boundary is determined (a 
step S603). When a determination result at the step S603 is 
Yes, the filtering strength determination unit 110 sets the 
filtering strength at the corresponding block boundary to 
“high” (BS23). Here, BS23 means that the BS value can 
possibly take a value that is equal to or above 3, and BS-3 or 
BS=4 is determined under other conditions that are not dis 
closed here. Thereafter, it is determined that an expression 
including Such an inequality represents a range which can be 
determined by using conditions that are not disclosed in this 
embodiment. 

0128. That is, when the determination result at the step 
S603 is Yes, the filtering strength information 130 output 
from the filtering strength determination unit 110 is supplied 
to the filtering strength changeover switch 107, and the 
locally decoded image signal 127 output from the adder 106 
is input to the filter B (BS-3) or the filter A (BS=4) (a step 
S605). 
0129. When the determination result at the step S603 is 
No, i.e., when the target pixel p and the adjacent pixel q are 
not the macro block boundaries, Expression (4) is used for 
calculating the prediction complexity of each target block 
boundary (a step S606), and then Expressions (5) and (6) are 
utilized to calculate the BS value (a step S607). 
0130. When the BS value obtained by Expression (6) is 4, 
the filtering strength information 130 of BS=4 is supplied to 
the filtering strength changeover switch 107 from the filtering 
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strength determination unit 110, and the locally decoded 
image signal 127 is input to the filter A. 
I0131 When the BS value is 3, the filtering strength infor 
mation 130 of BS-3 is supplied to the filtering strength 
changeover switch 107 from the filtering strength determina 
tion unit 110, and the locally decoded image signal 127 is 
input to the filter B. 
0.132. When the BS value is 2, the filtering strength infor 
mation 130 of BS-2 is supplied to the filtering strength 
changeover switch 107 from the filtering strength determina 
tion unit 110, and the locally decoded image signal 127 is 
input to the filter C. 
0.133 When the BS value is 1, the filtering strength infor 
mation 130 of BS-1 is supplied to the filtering strength 
changeover switch 107 from the filtering strength determina 
tion unit 110, and the locally decoded image signal 127 is 
input to the filter D. 
I0134. When the BS value is 0, the filtering strength infor 
mation 130 of BS=0 is supplied to the filtering strength 
changeover switch 107 from the filtering strength determina 
tion unit 110, and the locally decoded image signal 127 is 
input to the deblocking skip line E. 
0.135 (Specific Example 2 of Filtering Strength Determi 
nation Unit 110: Simple Determination) 
0.136. A method obtained by simplifying the filtering 
strength determination procedure shown in FIG. 17 will now 
be described with reference to FIG. 18. In FIG. 18 similar 
reference numerals as those in FIG. 17 denote similar pro 
cessing steps as those in FIG. 17 to omit an explanation 
thereof. 
0.137 As shown in FIG. 18, when the determination result 
at the step S603 is No, whether the target pixel p or the 
adjacent pixel q is subjected to the 8x8 prediction is deter 
mined (a step S701). Here, when a determination result at the 
step S701 is Yes, the filtering strength information 130 of 
BS-2 is supplied to the filtering strength changeover switch 
107 from the filtering strength determination unit 110, and the 
locally decoded image signal 127 is input to the filter C. On 
the other hand, when the determination result at the step S701 
is No, the filtering strength information 130 of BS-1 is Sup 
plied to the filtering strength changeover switch 107 from the 
filtering strength determination unit 110, and the locally 
decoded image signal 127 is input to the filter D. 
0.138 (Specific Example 3 of Filtering Strength Determi 
nation Unit 110: Boundary Determination is Put Off) 
0.139. A filtering strength determination method when the 
processing at the step S603 and the processing at the step 
S606 are counterchanged with respect to the filtering strength 
determination procedure depicted in FIG. 17 will now be 
described with reference to FIG. 19. In FIG. 19, similar ref 
erence numerals as those in FIG. 17 denote similar processing 
steps as those in FIG. 17 to omit an explanation thereof. 
0140. As shown in FIG. 19, when the determination result 
at the step S602 is Yes, Expression (4) is utilized to calculate 
the prediction complexity at the target block boundary of the 
target pixel p or the adjacent pixel q (a step S801). Moreover, 
Expressions (5) and (6) are utilized to calculate the prediction 
complexity at the corresponding block boundary. Whether 
the prediction complexity calculated here is Comp Th is 
determined (a step S802). It is to be noted that Comp Th=3. 
0141 When a determination result at the step S802 is Yes, 
the filtering strength information 130 of BS-1 is supplied to 
the filtering strength changeover switch 107 from the filtering 
strength determination unit 110, and the locally decoded 
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image signal 127 is input to the filter D (a step S804). On the 
other hand, when the determination result at the step S802 is 
No, whether the target pixel p or the adjacent pixel q corre 
sponds to a macro block boundary is determined (a step 
S803). 
0142. When the determination result at the step S803 is 
Yes, the filtering strength information 130 of BS-3 is sup 
plied to the filtering strength changeover switch 107 from the 
filtering strength determination unit 110, and the locally 
decoded image signal 127 is input to the filter B (a step S805). 
On the other hand, when the determination result at the step 
S803 is No, the filtering strength information 130 is calcu 
lated by using Expression (6) (a step S806). 
0143. As explained above, according to the first embodi 
ment, the filtering strength in the deblocking filter processing 
is appropriately controlled based on the prediction complex 
ity. As a result, an image quality difference between an origi 
nal image and a decoded image can be prevented from 
increasing at a block boundary due to execution of excessive 
deblocking filterprocessing. Therefore, the coding efficiency 
can be improved and the Subjective image quality are 
improved. 

Second Embodiment 

0144. A second embodiment according to the present 
invention will now be described. Although a configuration of 
an image encoding apparatus according to the second 
embodiment is the similar to that according to the first 
embodiment, an intra-prediction unit 202 of a prediction unit 
101 in FIG. 6 is different from that in the first embodiment, 
whereby a filtering strength determination unit 110 is also 
different from that in the first embodiment. 
(0145 (Intra-Prediction Unit 202) 
0146 FIG. 20 shows an intra-prediction unit 202 in FIG. 6 
based on the second embodiment, and it has a prediction order 
changeover unit 401, a unidirectional prediction unit 402, a 
bidirectional prediction unit 403, and a prediction changeover 
switch 404. As explained above, in this embodiment, the 
unidirectional prediction unit 402 and the bidirectional pre 
diction unit 403 are provided as prediction units having dif 
ferent prediction methods. 
0147 The prediction order changeover unit 401 has a 
function of changing over a prediction order concerning Sub 
blocks in a macro block. That is, the prediction order 
changeover unit 401 selects a prediction order for a plurality 
of sub-blocks obtained by dividing a pixel block (a macro 
block) from a plurality of predetermined prediction orders. A 
reference image signal 132 whose prediction order has been 
changed by the prediction order changeover unit 401 is input 
to the unidirectional prediction unit 402 and the bidirectional 
prediction unit 403. 
0148. Each of the unidirectional prediction unit 402 and 
the bidirectional prediction unit 403 makes reference to a 
coded pixel to predict the macro block in accordance with the 
prediction order changed over and selected by the prediction 
order changeover unit 401 and each selected prediction mode 
in order to generate a predicted image signal associated with 
the macro block. That is, the unidirectional prediction unit 
402 makes reference to the reference image signal 132 input 
through the prediction order changeover unit 401 based on the 
prediction mode directed by a prediction control unit 400 
controlled by the encoding control unit 111, thereby generat 
ing a predicted image signal. The bidirectional prediction unit 
403 likewise makes reference to the reference image signal 
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132 input through the prediction order changeover unit 401 
based on the prediction mode directed by the prediction con 
trol unit 400 controlled by the encoding control unit 111, 
thereby generating a predicted image signal. The predicted 
image signals output from the unidirectional prediction unit 
402 and the bidirectional prediction unit 403 are input to the 
prediction changeover switch 404. 
014.9 The prediction changeover switch 404 selects one of 
the predicted image signal generated by the unidirectional 
prediction unit 402 and the predicted image signal generated 
by the bidirectional prediction unit 403 in accordance with 
the prediction mode directed by the prediction control unit 
400 controlled by the encoding control unit 111, whereby the 
selected predicted image signal 121 is output. In other words, 
the prediction changeover switch 404 selects the number of 
available prediction modes from a plurality of predetermined 
prediction modes. 
0150. An operation of the prediction order changeover 
unit 401 will now be described with reference to FIGS. 21A 
and 21B. FIG. 5B shows a division example of 8x8 pixel 
blocks, and indexes shown in the respective blocks denote 
block indexes (idx) in a raster scan order. On the other hand, 
each of FIGS. 21A and 21B shows a prediction order of 
sub-blocks (8x8 pixel blocks) in a macro block in the 8x8 
pixel intra-prediction. Raster block prediction shown in FIG. 
21A represents that respective 8x8 pixel blocks in a macro 
block are predicted in a raster order, and inverse raster block 
prediction shown in FIG.21B represents that blocks are pre 
dicted in an order of block indexes 3, 1, 2 and 0 (this predic 
tion block will be referred to as inverse raster block prediction 
and this prediction order will be referred to as an inverse raster 
order hereinafter). 
0151. Although an example of 4x4 pixel blocks is not 
shown in this embodiment, a macro block is divided as shown 
in FIG. 5A like the example of the 8x8 pixel blocks, then a 
raster block prediction order in 8x8 pixel blocks is given in 
case of the raster block prediction, and a raster order is given 
with respect to four 4x4 pixel blocks in an 8x8 pixel block. On 
the other hand, in regard to an inverse raster order, a raster 
block prediction order in 8x8 pixel blocks is given, and an 
inverse raster order is given with respect to four pixel blocks 
in an 8x8 pixel block. 
0152 The above is the description on the operation of 
switching the prediction order effected in the prediction order 
changeover unit 401 and Switching the input image signal 
120. Although a prediction method for one 8x8 pixel block 
concerning the intra-prediction of 4x4 pixels will now be 
described, the intra-prediction of another 8x8 pixel block for 
4x4 pixels and the intra-prediction for 8x8 pixels can be 
carried out in accordance with similar procedure. 
0153. When the inverse raster block prediction is carried 
out, there is provided a prediction order that one diagonal 
block in sub-blocks representing four 8x8 pixel blocks is first 
predicted based on extrapolation and remaining three blocks 
are predicted based on extrapolation or interpolation. The 
prediction based on such a prediction order will be referred to 
as interpolative/extrapolative prediction hereinafter. Process 
ing by the unidirectional prediction unit 402 and the bidirec 
tional prediction unit 403 associated with the prediction order 
will now be described. 
0154 (Example of Unidirectional Prediction in Case of 
Raster Block Prediction) 
0.155. When the raster block prediction is set in the encod 
ing control unit 111 and the prediction mode is unidirectional 
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prediction, the unidirectional prediction unit 402 generates a 
predicted image signal 121 by the same prediction method as 
the method described as an example of H.264 as shown in 
FIGS. 7 and 8. 
0156 (Example of Bidirectional Prediction in Case of 
Raster Block Prediction) 
0157. A description will now be given as to a situation 
where the raster block prediction is set in the encoding control 
unit 111 and the prediction mode is bidirectional prediction. 
The bidirectional prediction unit 403 has a function of com 
bining two predicted image signals generated by the unidi 
rectional prediction to generate a predicted image signal. That 
is, assuming that a prediction value of a first unidirectional 
predicted image signal is P1 and a prediction value of a 
second unidirectional predicted image signal is P2, a pre 
dicted image signal is generated by using the following 
expression. 

where PX represents a predicted image signal of a prediction 
target block. Further, W represents a filter coefficient when 
combining two predicted image signals. Although W is /2 in 
this embodiment, it takes an actual number of 0 to 1. Although 
Expression (7) shows an example of generating a predicted 
image signal based on a real number calculation, this signal 
can be also readily generated by an integer calculation by 
defining calculation accuracy in advance. The predicted 
image signal generated as the unidirectional prediction is 
generated by the same prediction method as the method 
described as an example of H.264 as shown in FIGS. 7 and 8. 
0158 (Example of Unidirectional Prediction in Case of 
Inverse Raster Block Prediction) 
0159. A description will now be given as to a situation 
where the inverse raster block prediction has been set in the 
encoding control unit 111 and the prediction mode is the 
unidirectional prediction. In Such interpolation/extrapolation 
block prediction as explained in FIG. 21A, an order of respec 
tive Sub-blocks in a macro block is changed to a prediction 
order based on the inverse raster block prediction from that 
based on the raster block prediction. For example, when 
predicting an 8x8 pixel block, as shown in FIG. 22A, one 
block at an outside corner is first predicted as a block that can 
be subjected to extrapolative prediction (which will be 
referred to as an extrapolation block hereinafter), and other 
three blocks are then predicted as blocks that can be subjected 
to interpolative prediction (which will be referred to as inter 
polation blocks hereinafter). That is, the extrapolation block 
(4) is first predicted, and then the interpolation blocks (2), (3), 
and (1) are predicted. On the other hand, when predicting a 
4x4 pixel block, a prediction order is set by performing 
extrapolation block prediction and interpolation block pre 
diction with respect to each 4x4 pixel block in units of 8x8 
pixel block as shown in FIG.22B. 
0160 The prediction processing in units of 8x8 pixel 
block when the 4x4 pixel prediction is selected will now be 
described. In this prediction processing, when the prediction 
in units of 8x8 pixel block is terminated, a subsequent 8x8 
pixel block is performed, namely, the prediction in units of 
8x8 pixel block is repeated for four times. 
0161 (Extrapolation Block Prediction) 
0162. When predicting an extrapolation block, since ref 
erence pixels are distanced from predicted pixels, a range of 
the reference pixels is as shown in FIG. 23A. In FIG. 23A, 
pixels A to X and Z are reference pixels, and pixels a top are 
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predicted pixels. Although the range of the reference pixels is 
expanded, a technique of copying the reference pixels in 
accordance with a prediction angle to generate a predicted 
image signal is similar as that in the above-described raster 
block prediction. Specifically, a predicted image signal gen 
eration method when a mode 0 (vertical prediction) is 
selected is as represented by the following expression. 

0163 This mode 0 can be selected only when the reference 
pixels E to H can be used. In the mode 0, when the reference 
pixels E to Hare copied to the predicted pixels aligned in the 
Vertical direction as they are, a predicted image signal is 
generated. 
0164 (Interpolation Block Prediction) 
(0165. In FIGS. 22A and 22B, when predicting the inter 
polation block (2), since the prediction of the extrapolation 
block (4) has been terminated, the prediction making refer 
ence to pixels in the extrapolation block (4) can be performed. 
When predicting the interpolation block (3), reference can be 
made to pixels in the interpolation block (2) in addition to the 
extrapolation block (4). When predicting the extrapolation 
block (1), reference can be made to pixels in the interpolation 
block (3) in addition to the extrapolation block (4) and the 
interpolation block (2). 
(0166 Each of FIGS. 23B, 23C, and 23D shows a relation 
ship between the interpolation blocks (1), (2), and (3) and the 
reference pixels in the 4x4 pixel prediction. Pixels RA to RI 
are reference pixels newly added to FIG.23A, and pixels a to 
pare predicted pixels. 
(0167 (Processing of Unidirectional Prediction Unit 402 
in Interpolation Block Prediction) 
0.168. The unidirectional prediction unit 402 has a total of 
17 modes of directional prediction in extrapolation blocks 
and inverse extrapolative prediction for making reference to 
reference pixels in a coded macro block in regard to the 
interpolation block prediction as shown in FIG. 25, and the 17 
modes except a mode 2 have prediction directions shifted in 
increments of 22.5 degrees. Inverse prediction modes are 
added to prediction modes of the extrapolation block predic 
tion (sequential block prediction) shown in FIG. 7. That is, 
respective modes of the vertical prediction, the horizontal 
prediction, the DC prediction, the diagonally lower left pre 
diction, the diagonally lower right prediction, the Vertical 
right prediction, the horizontal lower prediction, the vertical 
left prediction, and the horizontal upper prediction are also 
used in FIGS. 7 and 25 in common. 
(0169. On the other hand, in FIG. 25, the inverse vertical 
prediction (a mode 9), the inverse horizontal prediction (a 
mode 10), the diagonally upper right prediction (a mode 11), 
the diagonally upper left prediction (a mode 12), the inverse 
vertical left prediction (a mode 13), the inverse horizontal 
upper prediction (a mode 14), the inverse vertical right pre 
diction (a mode 15), and the inverse horizontal lower predic 
tion (a mode 16) are added to the modes depicted in FIG. 7. 
0170 Whether the prediction mode can be selected is 
determined based on a positional relationship of the reference 
pixels with respect to the interpolation block and presence/ 
absence of the reference pixels shown in FIGS. 22A and 22B. 
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For example, in the interpolation block (1), since the refer 
ence pixels are arranged in all of left, right, upper, and lower 
directions, all modes 0 to 16 can be selected as depicted in 
FIG. 25. On the other hand, in the interpolation block (2), 
since the reference pixels are not arranged on the right-hand 
side, the mode 10, the mode 14, and the mode 16 cannot be 
selected. In the interpolation block (3), since the reference 
pixels are not arranged on the lower side, the mode 9, the 
mode 13, and the mode 15 cannot be selected. 
0171 A description will now be given as to a predicted 
image signal generation method of the unidirectional predic 
tion unit 402 in the interpolation block prediction in case of 
the inverse raster block prediction. Specifically, when the 
mode 9 (the inverse vertical prediction) is selected, a pre 
dicted image signal is generated from the reference pixels 
placed at the nearest positions in the lower direction. In regard 
to each of the interpolation block (1) and the interpolation 
block (2), the predicted image signal is calculated in accor 
dance with the following expression. 

dh.lp=RD (9) 

0172 Each of FIGS. 26A and 26B shows a method for 
generating a predicted image signal with respect to the inter 
polation block (1) and the interpolation block (2) in the mode 
9. When the reference pixels RA to RD are copied to pre 
dicted pixels aligned in the vertical directions as they are, the 
predicted image signal is generated. In regard to the interpo 
lation block (3), since the reference pixels are not present in 
the lower direction, the mode 9 cannot be utilized. 
0173. In relation to prediction modes other than the mode 
9, a prediction method for copying a predicted image signal 
interpolated from the nearest pixels to which reference can be 
made in each prediction direction depicted in FIG.25 is used. 
When the reference pixels are not arranged in the prediction 
direction, values of the nearest reference pixels may be copied 
to generate and utilize the reference pixels, or virtual refer 
ence pixels may be generated from the interpolation of the 
plurality of reference pixels and the virtual reference pixels 
may be utilized for the prediction. 
0.174 (Example of Bidirectional Prediction in Case of 
Inverse Raster Block Prediction) 
0.175. A description will now be given as to a case that the 
inverse raster block prediction is set in the encoding control 
unit 111 and the prediction mode is the bidirectional predic 
tion. The bidirectional prediction unit 403 has a function of 
combining two predicted image signals generated by the uni 
directional prediction based on the inverse raster block pre 
diction to generate a predicted image signal. That is, Expres 
sion (7) is utilized to generate the predicted image signal of 
the bidirectional prediction. The predicted image signal gen 
erated as the unidirectional prediction means the predicted 
image signal 121 generated in accordance with a prediction 
mode indicated by each block index as shown in FIG. 25. 
0176). As explained above, the intra-prediction unit 302 in 
FIG. 20 includes the unidirectional prediction unit 402 and 
the bidirectional prediction unit 403 as the prediction units 
having different prediction methods and also includes the 
raster block prediction and the inverse raster block prediction 
as the prediction methods having different prediction orders. 
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Additionally, as a combination of these types of prediction, 
there is a concept called an extrapolation block and an inter 
polation/extrapolation block. 
(0177 (Filtering Strength Determination Unit 110) 
0178. In this embodiment, a determination technique of 
the filtering strength determination unit 110 varies with a 
change in the prediction unit 101. The filtering strength deter 
mination unit 110 in this embodiment will now be described. 
A configuration of the filtering strength determination unit 
110 in this embodiment is the similar to that in FIG. 12. 
However, a prediction complexity derivation table set in the 
prediction complexity derivation unit 303 is different. 
0179 FIG. 27 shows an example of the prediction com 
plexity derivation table concerning the prediction method of 
the intra-prediction in this embodiment. The prediction com 
plexity is high for the bidirectional intra-prediction which has 
higher prediction complexity than the unidirectional intra 
prediction. As explained in conjunction with FIGS. 24, 25. 
26A, and 26B, the unidirectional intra-prediction utilizes the 
prediction method of copying reference pixel values or pixel 
values obtained by interpolating the reference pixel values in 
a prediction direction. On the other hand, in the bidirectional 
prediction, filtering a predicted image signal generated by the 
unidirectional prediction enables generating a new predicted 
image signal. Since the deblocking filter processing is carried 
out with respect to a block boundary of the locally decoded 
image signal 127 generated by adding the predicted image 
signal 121 to the prediction error signal 126, the prediction 
complexity is set high with respect to the bidirectional pre 
diction in which the filter processing is applied when gener 
ating the predicted image signal as compared with the unidi 
rectional prediction. Consequently, this processing is equal to 
setting the low filtering strength. Setting the prediction com 
plexity in this manner enables preventing the deblocking 
processing from being excessively carried out with respect to 
block boundaries. 
0180 FIG. 28A shows a prediction complexity derivation 
table concerning a block prediction method in case of the 
inverse raster block prediction in an 8x8 pixel block of the 
intra-prediction according to this embodiment. As shown in 
FIG.22A, in accordance with a prediction order, an index 0 
(an index of a block that is predicted first) alone is associated 
with an extrapolation block and other three blocks are asso 
ciated with interpolation/extrapolation blocks. In regard to 
the extrapolation block, Substantially the same prediction 
method as H.264 is adopted, and hence the prediction com 
plexity is set to be higher than those of the interpolation/ 
extrapolation blocks that the interpolative prediction can be 
used. Here, in the extrapolation block, since a distance from 
each reference pixel to a predicted pixel is long, reflecting 
spatial properties of an image in a prediction value is difficult. 
That is, the extrapolation block has a possibility that the 
prediction error signal 122 as a difference between the input 
image signal 120 and the predicted image signal 121 becomes 
large, and distortion at a block boundary tends to increase. 
Thus, in relation to the extrapolation block, the prediction 
complexity is set to be lower than those of the interpolation/ 
extrapolation blocks, whereby the filtering strength of the 
deblocking filter is set to be rather high. 
0181 FIG. 28B shows a prediction complexity derivation 
table concerning a block prediction method and a distance 
from each reference pixel in the inverse raster block predic 
tion in an 8x8 pixel block of the intra-prediction according to 
this embodiment. In the inverse raster block prediction, as 
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already explained in conjunction with FIGS. 23A and 23B, a 
distance from the reference pixel that can be used in each 
sub-block is different. In an extrapolation block, since the 
interpolative prediction cannot be utilized as described above, 
the complexity is set to be lower than that of an interpolation/ 
extrapolation block. 
0182 Each of FIGS. 29A and 29B shows a prediction 
complexity derivation table concerning each block index and 
the number of reference pixels in an 8x8 pixel block of the 
intra-prediction according to this embodiment. FIG. 29A 
shows an example of the raster block prediction, and FIG. 
29B shows an example of the inverse raster block prediction. 
In FIG. 29A, since the number of reference pixels that can be 
used in accordance with each block index is not greatly dif 
ferent, the prediction complexity is similar in all blocks. On 
the other hand, in the inverse raster block prediction shown in 
FIG.29B, as explained in conjunction with FIGS. 23A, 23B, 
23C, and 23D, the number of reference pixels that can be used 
in each sub-block differs. Since the number of pixels that can 
be used in a prediction expression when the number of refer 
ence pixels is small is reduced to be smaller than that when 
more reference pixels can be utilized, the prediction complex 
ity is low. That is, when the prediction order varies, the num 
ber of available reference pixels is changed, and a direction 
along which the prediction can be performed is also changed. 
As a result, there arise tendencies, i.e., a block that is easy to 
be predicted and a block that is difficult to be predicted 
depending on each prediction order. Thus, to increase the 
filtering strength of the block that is difficult to be predicted, 
Such a prediction complexity table is set. 
0183. It is to be noted that each of FIGS. 28A, 28B, 29A, 
and 29B shows an example of the intra-prediction of an 8x8 
pixel block, but similar technique can be utilized to create a 
prediction complexity derivation table for the intra-prediction 
of a 4x4 pixel block. 
0184. In the prediction complexity derivation unit 303 in 
FIG. 12, the above-described prediction complexity deriva 
tion table and Expression (4) are utilized to derive the predic 
tion complexity information 313 of a target block and the 
prediction complexity information 314 of an adjacent block. 
When both the pieces of prediction complexity information 
313 and 314 are input to the filtering strength information 
calculation unit 304, the final filtering strength information 
130 (a BS value) at a corresponding block boundary is cal 
culated by using Expressions (5) and (6). Thereafter, a pro 
cedure that the calculated filtering strength information 130 is 
utilized to effect the filter processing is similar as the flow 
described in the first embodiment. 
0185 (First Specific Example of Filtering Strength Deter 
mination Method) 
0186. A first specific example of the filtering strength 
determination method in the second embodiment, specially a 
determination technique when determining the filtering 
strength will now be described with reference to FIG. 30. 
0187. The filtering strength determination unit 110 deter 
mines the filtering strength at each of both block boundaries 
in the vertical and horizontal directions required for the 
deblocking filter processing that is carried out at the block 
boundaries (a step S1001). The filtering strength is deter 
mined at all block boundaries placed at block boundaries in 
FIGS. 9A and 9B where the deblocking filter processing is 
effected. However, when a corresponding block boundary is 
aboundary of the image, the deblocking filterprocessing does 
not have to be carried out. 
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0188 First, whether pixels p and q at target block bound 
aries have been intra-coded is determined (a step S1002). 
Information concerning a coding mode is based on a coding 
parameter 128 of a target block output from an entropy 
encoder 105 and a coding parameter 129 of an adjacent block 
read out from a reference memory 109. 
(0189 Here, when a determination result at the step S1002 
is No, both the target block boundaries have been inter-coded, 
and hence the processing jumps to a filtering strength (BS 
value) determination processing inter-macro block (a step 
S1004). Here, the filtering strength of the inter-macro block is 
determined under other conditions which are not disclosed in 
this embodiment. 
0190. On the other hand, when the determination result at 
the step S1002 is Yes, whether the target pixel p or the adja 
cent pixel q is the inverse raster block prediction is deter 
mined (a step S1003). When a determination result at the step 
S1003 is Yes, whether the target pixel p or the adjacent pixel 
q is an extrapolation block is determined (a step S1005). 
When a determination result at the step S1005 is Yes, the 
filtering strength at the corresponding target block boundary 
is set to “medium' (BS22) (a step S1008). On the other hand, 
when the determination result at the step S1005 is No, the 
filtering strength at the corresponding target block boundary 
is set to “low” (BS21) (a step S1009). 
(0191). On the other hand when the result of the determina 
tion upon whether the target pixel p or the adjacent pixel q is 
the inverse raster block prediction is No, whether the target 
pixel p or the adjacent pixel q is the bidirectional prediction is 
determined (a step S1006). When a determination result at the 
step S1006 is Yes, the filtering strength at the corresponding 
target block boundary is set to “low” (BS21) (a step S1010). 
When the determination result at the step S1006 is No. 
whether the target pixel p or the adjacent pixel q is a macro 
block boundary is determined (a step S1007). When a deter 
mination result at the step S1007 is Yes, the filtering strength 
at the corresponding target block boundary is set to “high 
(BS23) (a step S1011). When the determination result at the 
step S1007 is No, the filtering strength at the corresponding 
target block is set to “medium' (BS22) (a step S1012). 
0.192 The thus calculated filtering strength information 
130 is supplied to a filtering strength changeover switch 107. 
and the locally decoded image signal 127 is subjected to the 
deblocking filter processing by using a pixel filter selected by 
the Switch 107. 
0193 (Second Specific Example of Filtering Strength 
Determination Method) 
0.194. A second specific example of the filtering strength 
determination method in the second embodiment, especially 
a determination technique when determining the filtering 
strength will now be described with reference to FIG. 31. In 
FIG. 31, like reference numeral denotes each step at which 
similar processing as that in FIG. 30 is executed, thereby 
omitting an explanation. 
(0195 When the determination result at the step S1002, 
i.e., the result of the determination upon whether the pixels p 
and q at the target block boundaries have been intra-coded is 
Yes, whether the target pixel p or the adjacent pixel q is the 
bidirectional prediction is determined (a step S1101). When a 
determination result at the step S1101 is No, whether the 
target pixel p or the adjacent pixel q is a macro block bound 
ary is determined (a step S1102). When a determination result 
at the step S1102 is Yes, the filtering strength at the corre 
sponding target block boundary is set to “high” (BS23) (a 
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step S1105). On the other hand, when the determination result 
at the step S1101 is No, the filtering strength at the corre 
sponding target block boundary is setto “medium' (BS22) (a 
step S1106). 
0196. On the other hand, when the determination result at 
the step S1001, i.e., the result of the determination upon 
whether the target pixel p or the adjacent pixel q is the bidi 
rectional prediction is Yes, whether the target pixel p or the 
adjacent pixel q is the inverse raster block prediction is deter 
mined (a step S1103). When a determination result at the step 
S1103 is No, the filtering strength at the corresponding target 
block boundary is set to “low” (BS21) (a step S1107). When 
the determination result at the step S1103 is Yes, whether the 
target pixel p or the adjacent pixel q is an extrapolation block 
is determined (a step S1104). 
(0197) When a determination result at the step S1104 is 
Yes, the filtering strength at the corresponding target block 
boundary is set to “medium' (BS22) (a step S1109). When 
the determination result at the step S1104 is No, the filtering 
strength at the corresponding target block boundary is set to 
“low” (BS21) (a step S1108). 
0198 The thus calculated filtering strength information 
130 is supplied to the filtering strength changeover switch 
107, and the locally decoded image signal 127 is subjected to 
the deblocking filter processing by a pixel filter selected by 
the Switch 107. 
0199 As explained above, in the first and second embodi 
ments, when the filtering strength of the deblocking filter 
processing is determined in accordance with the prediction 
complexity, an increase in image quality difference between 
an original image and a decoded image at a block boundary 
due to the excessive filter processing can be avoided, and an 
effect of improving a coding efficiency and also improving a 
Subjective image quality can be successful. 
0200. It is to be noted that, at the time of encoding in a 
selected mode, generating a decoded image signal in the 
selected mode alone can Suffice, and this generation does not 
have to be performed in a loop for determining a prediction 
mode. 

Modifications of First and Second Embodiments 

0201 (1) In the first and second embodiments, the 
example of repeatedly temporarily encoding the encoding 
loop for all combinations of target blocks has been explained. 
However, to simplify the calculation processing, temporary 
encoding may be performed with respect to a prediction mode 
and a block size alone which are apt to be selected in advance, 
and processing for combinations which are hardly selected 
may be omitted. When such selective temporary encoding is 
carried out, a reduction in coding efficiency can be Sup 
pressed, and a throughput required for the temporary encod 
ing can be reduced. 
0202 (2) In the first and second embodiments, although 
the description has been given as to the example where a 
processing target frame is divided into rectangular blocks 
having, e.g., a 16x16 pixel size and the blocks are sequen 
tially coded from an upper left position toward a lower left 
position in a screen as shown in FIG. 3, a coding order is not 
restricted thereto. For example, the coding may be sequen 
tially performed from a lower right side toward an upper left 
side or sequentially spirally carried out from the center of the 
screen. Furthermore, the coding may be sequentially per 
formed from the upper right side toward the lower left side, or 
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the coding may be sequentially effected from a peripheral 
portion toward a central portion in the screen. 
0203 (3) In the first and second embodiments, the descrip 
tion has been given as to the case where the block size is the 
4x4 pixel block or the 8x8 pixel block, but a target block does 
not have to have a uniform block shape, and it may have a 
block size such as a 16x8 pixel block, an 8x16 pixel block, an 
8x4 pixel block, or a 4x8 pixel block. Moreover, the uniform 
block size does not have to be taken even in one macro block, 
and one macro block may have different block sizes. In this 
case, whena division number increases, a coderate for coding 
division information rises, but it is good enough to select a 
block size while considering a balance between a code rate of 
a transform coefficient and a locally decoded image. 
0204 (4) In the first and second embodiments, although a 
luminance signal and a color difference signal are not sepa 
rately explained in particular, when the deblocking filter pro 
cessing differs depending on the luminance signal and the 
color difference signal, the filtering strength determination 
method which differs depending on each signal may be used, 
or similar filtering strength determination method may be 
used. Additionally, when the deblocking filter processing dif 
fers in accordance with each of a plurality of color compo 
nents, the filtering strength determination method may differ 
depending on each color component, or similar filtering 
strength determination method may be utilized. 

<Image Decoding Apparatus.> 

Third Embodiment 

0205 An image decoding apparatus according to a third 
embodiment of the present invention associated with the 
image encoding apparatus described in the first and second 
embodiments will now be explained. Referring to FIG. 32, in 
the image decoding apparatus according to the third embodi 
ment, encoded data 520 Supplied from the image encoding 
apparatus in FIG. 1 via a storage system or a transmission 
system is temporarily stored in an input buffer 512, and mul 
tiplexed encoded data is input to a decoding unit 500. 
(0206. The decoding unit 500 has an entropy decoder 501, 
an inverse quantization/inverse transform unit 502, an adder 
503, a prediction unit 504, a filtering strength changeover 
switch 505, a deblocking filter unit 506, a reference memory 
507, and a filtering strength determination unit 508. 
0207. In the decoding unit 500, the encoded data 500 is 
input to the entropy decoder 501 through the input buffer 512 
to be decoded by parsing based on syntax in accordance with 
each frame or each field. That is, the entropy decoder 501 
sequentially performs entropy decoding with respect to a 
code string of each syntax to reproduce prediction informa 
tion 521, a quantized transform coefficient 522 of a prediction 
error signal, and a coding parameter 523 of a target block. 
Here, the coding parameter 523 includes a prediction mode 
indicative of a prediction method, a prediction block index 
indicative of a prediction block size, prediction information 
521 associated with a block prediction order, and it means all 
parameters required when decoding a moving image. 
0208. The quantized transform coefficient 522 decoded in 
the entropy decoder 501 is input to the inverse quantization/ 
inverse transform unit 502. Various pieces of information 
concerning quantization decoded by the entropy decoder 501, 
i.e., a quantization parameter, a quantization matrix, and oth 
ers are set in a decoding control unit 511 to be loaded when 
utilized for inverse quantization processing. 
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0209. In the inverse quantization/inverse transform unit 
502, loaded information concerning quantization is utilized 
to effect inverse quantization processing first, thereby gener 
ating a transform coefficient. Furthermore, in the inverse 
quantization/inverse transform unit 502, inverse orthogonal 
transform like inverse discrete cosine transform (DCT) is 
carried out with respect to a transform coefficient subjected to 
inverse quantization, thus generating a prediction error signal 
524. Although the inverse orthogonal transform has been 
explained herein, the inverse quantization/inverse transform 
unit 502 performs inverse quantization and inverse wavelet 
transform when the image encoding apparatus carries out 
wavelet transform or the like. 
0210. The prediction error signal 524 output from the 
inverse quantization/inverse transform unit 502 is input to the 
adder 503 to be added to a predicted image signal 525 gen 
erated by the later-explained prediction unit 504, thus gener 
ating a decoded image signal 526 before the deblocking filter 
processing. 
0211. The decoded image signal 526 is input to the 
deblocking filter unit 506 via the filtering strength changeover 
switch 505 to be subjected to the deblocking filter processing 
by any one of pixel filters A to D of the filter unit 506. In the 
deblocking filter unit 506, a deblocking skip line E that does 
not effect the filter processing is provided. 
0212. A filter-processed decoded image signal 527 output 
from the deblocking filter 506 is stored in the reference 
memory 507. The decoded image signal 527 is sequentially 
read out from the reference memory 507 in accordance with 
each frame or each field and output from the decoding unit 
500. The decoded image signal output from the decoding unit 
500 is temporarily stored in an output buffer 513, and then it 
is output as an output image signal 531 in accordance with an 
output timing managed by the decoding control unit 511. 
0213 To the prediction unit 504, the prediction informa 
tion 521 indicative of a prediction method decoded by the 
entropy decoder 501 is input, and a decoded image signal 
which has been already coded and stored in the reference 
memory 507 is input as a reference image signal 528. 
0214. The prediction unit 504 has a prediction changeover 
switch 201, an intra-prediction unit 202, an inter-prediction 
unit 203, and a subtracter 204 as shown in FIG. 6 like the 
prediction unit 101 in the image encoding apparatus. The 
prediction changeover Switch 201 has a function of changing 
over the reference image signal 528 (132) in accordance with 
a prediction mode included in the prediction information 521 
input to the prediction unit 504. When the prediction mode is 
the intra-prediction, the reference image signal 528 (132) is 
input to the intra-prediction unit 202. On the other hand, when 
the prediction mode is the inter-prediction, the reference 
image signal 528 (132) is input to the inter-prediction unit 
2O3. 
0215 Each of the intra-prediction unit 202 and the inter 
prediction unit 203 performs similar processing as that 
described in the first embodiment to generate the predicted 
image signal 525 (121). However, in the prediction unit 504, 
generating the predicted image signal 525 (121) in a predic 
tion mode given by the prediction information 521 alone can 
Suffice, and the predicted image signal in other modes than the 
given prediction mode does not have to be generated. For 
example, when the prediction mode given by the prediction 
information 521 is the inter-prediction, a shift amount in 
movement is calculated by using the motion vector informa 
tion, and an image signal of a part indicated by this shift 
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amount is determined as the predicted image signal 525. In 
this case, the reference image signal 528 may be interpolated 
in accordance with a motion vector accuracy in the inter 
prediction unit 203. 
0216) The deblocking filter unit 506 will now be 
described. The coding parameter 523 of a target block 
decoded by the entropy decoder 501 is input to the filtering 
strength determination unit 508. Further, a coding parameter 
529 of an adjacent block which has been stored in the refer 
ence memory 507 and already decoded is also input to the 
filtering strength determination unit 508. The filtering 
strength determination unit 508 has a function of using the 
two input coding parameters 523 and 529 to calculate filtering 
strength information 530 at a corresponding block boundary. 
The filtering strength determination unit 508 is as described 
in conjunction with FIG. 12 like the filtering strength deter 
mination unit 508 in the first embodiment, thereby omitting a 
detailed description thereof. 
0217. The filtering strength information 530 output from 
the filtering strength determination unit 508 is input to the 
filtering strength changeover switch 505. The filtering 
strength changeover switch 505 leads the decoded image 
signal 526 from the adder 503 to one of the pixel filters A to 
D or the deblocking skip line E in order to switch the filtering 
strength of the deblocking filter unit 506 in accordance with 
the filtering strength given by the filtering strength informa 
tion 530. 
0218. The filtering strength information 530 is called a BS 
value. The decoded image signal 526 is led to the pixel filter 
A when the BS value is 4, the decoded image signal 526 is led 
to the pixel filter B when the BS value is 3, the decoded image 
signal 526 is led to the pixel filter C when the BS value is 2, or 
the decoded image signal 526 is led to the pixel filter D when 
the BS value is 1, whereby the deblocking filter processing is 
carried out. Moreover, the decoded image signal 526 is led to 
the deblocking skip line E when the BS value is 0 in order to 
avoid the deblocking filter processing. The decoded image 
signal 527 subjected to the deblocking filterprocessing by the 
deblocking filter unit 508 in this manner is stored in the 
reference memory 507 to be utilized for the next prediction. 
0219 (First Specific Example of Filtering Strength Deter 
mination Unit 508) 
0220 According to this embodiment, in the filtering 
strength determination unit 508, a prediction complexity deri 
vation unit 303 calculates pieces of prediction complexity 
information 313 and 314 from prediction complexity deriva 
tion tables described in conjunction with FIGS. 13A, 13B, 
14A, 14B, 15A, and 15B in accordance with prediction infor 
mation 311 of a target block and prediction information 312 
of an adjacent block extracted from a target block coding 
parameter extraction unit 301 and an adjacent block coding 
parameter extraction unit 302 shown in FIG. 2. Here, Expres 
sion (4) is used for calculating prediction complexity. Addi 
tionally, in the filtering strength information calculation unit 
508, the final filtering strength information 530 (130) at a 
target block boundary is calculated from the pieces of predic 
tion complexity information 313 and 314 by using Expres 
sions (5) and (6). 
0221 Processing of the filtering strength determination 
unit 508 will now be described with reference to FIG. 17. The 
filtering strength determination unit 508 determines the fil 
tering strength at block boundaries in both vertical and hori 
Zontal directions required for the deblocking filter processing 
carried out at the block boundaries (a step S601). The filtering 
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strength is determined at all block boundaries placed at block 
boundaries in FIGS. 9A and 9B where the deblocking filter 
processing is effected. However, when a corresponding block 
boundary is a boundary of the image, the deblocking filter 
processing does not have to be performed. 
0222 First, whether a target pixel p and an adjacent pixel 
q at target block boundaries are pixels included in an intra 
macro block, i.e., whether they have been intra-coded is deter 
mined (a step S602). 
0223 Here, when a determination result at the step S602 is 
No, since both the target block boundaries have been inter 
coded, the processing jumps to a filtering strength (BS value) 
determination processing inter-macro block (a step S604). 
Here, the filtering strength of the inter-macro block is deter 
mined under other conditions which are not disclosed in this 
embodiment. 
0224. On the other hand, when the determination result at 
the step S602 is Yes, since the target pixel p or the adjacent 
pixel q has been intra-coded, whether the corresponding 
block boundary is a macro block boundary is determined (a 
step S603). When a determination result at the step S603 is 
Yes, the filtering strength determination unit 508 sets the 
filtering strength at the corresponding block boundary to 
“high” (BS23). Here, BS23 means that the BS value can 
possibly take a value that is equal to or above 3, and BS-3 or 
BS=4 is determined under other conditions that are not dis 
closed here. Thereafter, it is determined that an expression 
including Such an inequality represents a range which can be 
determined by using conditions that are not disclosed in this 
embodiment. 
0225. That is, when the determination result at the step 
S603 is Yes, the filtering strength information 530 output 
from the filtering strength determination unit 508 is supplied 
to the filtering strength changeover switch 107, and the 
decoded image signal 526 output from the adder 526 is input 
to the filter B (BS-3) or the filter A (BS=4) (a step S605). 
0226. When the determination result at the step S603 is 
No, i.e., when the target pixel p and the adjacent pixel q are 
not the macro block boundaries, Expression (4) is used for 
calculating the prediction complexity of each target block 
boundary (a step S606), and then Expressions (5) and (6) are 
utilized to calculate the BS value (a step S607). 
0227. When the BS value obtained by Expression (6) is 4, 
the filtering strength information 530 of BS=4 is supplied to 
the filtering strength changeover switch 107 from the filtering 
strength determination unit 508, and the decoded image sig 
nal 526 is input to the filter A. 
0228. When the BS value is 3, the filtering strength infor 
mation 530 of BS-3 is supplied to the filtering strength 
changeover switch 505 from the filtering strength determina 
tion unit 508, and the decoded image signal 526 is input to the 
filter B. 
0229 When the BS value is 2, the filtering strength infor 
mation 530 of BS-2 is supplied to the filtering strength 
changeover switch 505 from the filtering strength determina 
tion unit 508, and the decoded image signal 526 is input to the 
filter C. 
0230. When the BS value is 1, the filtering strength infor 
mation 530 of BS-1 is supplied to the filtering strength 
changeover switch 505 from the filtering strength determina 
tion unit 508, and the decoded image signal 526 is input to the 
filter D. 
0231 When the BS value is 0, the filtering strength infor 
mation 530 of BS=0 is supplied to the filtering strength 
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changeover switch 505 from the filtering strength determina 
tion unit 508, and the decoded image signal 526 is input to the 
deblocking skip line E. 
0232 (Second Specific Example of Filtering Strength 
Determination Unit) 
0233. A method obtained by simplifying the filtering 
strength determination procedure shown in FIG. 17 will now 
be described with reference to FIG. 18. In 
0234 FIG. 18, similar reference numerals as those in FIG. 
17 denote similar processing steps as those in FIG. 17 to omit 
an explanation thereof. 
0235. As shown in FIG. 18, when the determination result 
at the step S603 is No, whether the target pixel p or the 
adjacent pixel q is subjected to the 8x8 prediction is deter 
mined (a step S701). Here, when a determination result at the 
step S701 is Yes, the filtering strength information 530 of 
BS-2 is supplied to the filtering strength changeover switch 
505 from the filtering strength determination unit 508, and the 
decoded image signal 526 is input to the filter C. On the other 
hand, when the determination result at the step S701 is No, the 
filtering strength information 530 of BS-1 is supplied to the 
filtering strength changeover switch 505 from the filtering 
strength determination unit 508, and the decoded image sig 
nal 526 is input to the filter D. 
0236 (Third Specific Example of Filtering Strength 
Determination Unit 508) 
0237 A filtering strength determination method when the 
processing at the step S603 and the processing at the step 
S606 are counterchanged with respect to the filtering strength 
determination procedure depicted in FIG. 17 will now be 
described with reference to FIG. 19. In FIG. 19, similar ref 
erence numerals as those in FIG. 17 denote similar processing 
steps as those in FIG. 17 to omit an explanation thereof. 
0238. As shown in FIG. 19, when the determination result 
at the step S602 is Yes, Expression (4) is utilized to calculate 
the prediction complexity at the target block boundary of the 
target pixel p or the adjacent pixel q (a step S801). Moreover, 
Expressions (5) and (6) are utilized to calculate the prediction 
complexity at the corresponding block boundary. Whether 
the prediction complexity calculated here is Comp Th is 
determined (a step S802). It is to be noted that Comp Th=3. 
0239 When a determination result at the step S802 is Yes, 
the filtering strength information 530 of BS-1 is supplied to 
the filtering strength changeover switch 505 from the filtering 
strength determination unit 508, and the decoded image sig 
nal 526 is input to the filter D (a step S804). On the other hand, 
when the determination result at the step S802 is No, whether 
the target pixel p or the adjacent pixel q is a macro block 
boundary is determined (a step S803). 
0240. When the determination result at the step S803 is 
Yes, the filtering strength information 530 of BS-3 is sup 
plied to the filtering strength changeover switch 505 from the 
filtering strength determination unit 508, and the decoded 
image signal 526 is input to the filter B (a step S805). On the 
other hand, when the determination result at the step S803 is 
No, the filtering strength information 530 is calculated by 
using Expression (6) (a step S806). 

Fourth Embodiment 

0241. A fourth embodiment according to the present 
invention will now be described. Although a configuration of 
an image decoding apparatus according to the fourth embodi 
ment is the similar to that in the third embodiment, an intra 
prediction unit 202 of a prediction unit 101 shown in FIG. 6 is 
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different from that in the third embodiment, and a filtering 
strength determination unit 508 is also different from that in 
the third embodiment. 

0242 (Intra-Prediction Unit 202) 
0243 FIG. 20 shows an intra-prediction unit 202 in FIG. 6 
based on the fourth embodiment, and it has a prediction order 
changeover unit 401, a unidirectional prediction unit 402, a 
bidirectional prediction unit 403, and a prediction changeover 
switch 404. As explained above, in this embodiment, the 
unidirectional prediction unit 402 and the bidirectional pre 
diction unit 403 are provided as prediction units having dif 
ferent prediction methods. 
0244. The prediction order changeover unit 401 has a 
function of changing over a prediction order concerning Sub 
blocks in a macro block. That is, the prediction order 
changeover unit 401 selects a prediction order for a plurality 
of sub-blocks obtained by dividing a pixel block (a macro 
block) from a plurality of prediction orders. Information cor 
responding to the prediction order is included in prediction 
information 521, and it is directed from a prediction control 
unit 400 controlled by a decoding control unit 511. A refer 
ence image signal of the prediction order changed by the 
prediction order changeover unit 401 is input to the unidirec 
tional prediction unit 402 and the bidirectional prediction unit 
403. 

0245 Each of the unidirectional prediction unit 402 and 
the bidirectional prediction unit 403 makes reference to a 
coded pixel to predict the macro block in accordance with the 
prediction order changed over and selected by the prediction 
order changeover unit 401 and each selected prediction mode 
in order to generate a predicted image signal associated with 
the macro block. That is, the unidirectional prediction unit 
402 makes reference to a reference image signal 528 (132) 
input through the prediction order changeover unit 401 based 
on the prediction mode directed by the prediction control unit 
400 controlled by the decoding control unit 511, thereby 
generating a predicted image signal. The bidirectional pre 
diction unit 403 likewise makes reference to a reference 
image signal 528 (132) input through the prediction order 
changeover unit 401 based on the prediction mode controlled 
by the prediction control unit 400 controlled by the decoding 
control unit 511, thereby generating a predicted image signal. 
Predicted image signals 525(121) output from the unidirec 
tional prediction unit 402 and the bidirectional prediction unit 
403 are input to the prediction changeover switch 404. 
0246 The prediction changeover switch 404 selects one of 
the predicted image signal generated by the unidirectional 
prediction unit 402 and the predicted image signal generated 
by the bidirectional prediction unit 403 in accordance with 
the prediction mode directed from the prediction control unit 
400 controlled by the decoding control unit 511, whereby the 
selected predicted image signal 525 (121) is output. In other 
words, the prediction changeover switch 404 has a function of 
changeover the unidirectional prediction unit 402 and the 
bidirectional prediction unit 403 in accordance with the pre 
diction mode included in prediction information of a target 
block decoded by an entropy decoder 501. The prediction 
mode is controlled by the prediction control unit 400 that is 
controlled by the decoding control unit 511 as described 
above. 
0247. An operation of the prediction order changeover 
unit 401 will now be described with reference to FIGS. 21A 
and 21B. FIG. 5B shows a division example of 8x8 pixel 
blocks, and indexes shown in the respective blocks denote 
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block indexes (idx) in a raster scan order. On the other hand, 
each of FIGS. 21A and 21B shows a prediction order of 
sub-blocks (8x8 pixel blocks) in a macro block in the 8x8 
pixel intra-prediction. Raster block prediction shown in FIG. 
21A represents that respective 8x8 pixel blocks in a macro 
block are predicted in a raster order, and inverse raster block 
prediction shown in FIG.21B represents that blocks are pre 
dicted in an order of block indexes 3, 1, 2 and 0 (this predic 
tion block will be referred to as inverse raster block prediction 
and this prediction order will be referred to as an inverse raster 
order hereinafter). 
0248 Although an example of 4x4 pixel blocks is not 
shown in this embodiment, a macro block is divided as shown 
in FIG. 5A like the example of the 8x8 pixel blocks, then a 
raster block prediction order in 8x8 pixel blocks is given in 
case of the raster block prediction, and a raster order is given 
with respect to four 4x4 pixel blocks in an 8x8 pixel block. On 
the other hand, in regard to an inverse raster order, a raster 
block prediction order in 8x8 pixel blocks is given, and an 
inverse raster order is given with respect to four pixel blocks 
in an 8x8 pixel block. 
0249. There is the description on the operation of 
changeover the prediction order effected in the prediction 
order changeover unit 401. Although a prediction method for 
one 8x8 pixel block concerning the intra-prediction of 4x4 
pixels will now be described, the intra-prediction of another 
8x8 pixel block for 4x4 pixels and the intra-prediction for 8x8 
pixels can be also carried out in accordance with similar 
procedure. 
0250 When the inverse raster block prediction is carried 
out with respect to processing blocks, there is provided a 
prediction order that one diagonal block in Sub-blocks repre 
senting four 8x8 pixel blocks is first predicted based on 
extrapolation and remaining three blocks are predicted based 
on extrapolation or interpolation. The prediction based on 
such a prediction order will be referred to as interpolative/ 
extrapolative prediction hereinafter. Processing by the unidi 
rectional prediction unit 402 and the bidirectional prediction 
unit 403 associated with the prediction order will now be 
described. 
0251 (Example of Unidirectional Prediction in Case of 
Raster Block Prediction) 
0252. When the raster block prediction is set in the decod 
ing control unit 511 and the prediction mode is unidirectional 
prediction, the unidirectional prediction unit 402 generates 
the predicted image signal 525 by the same prediction method 
as the method described as an example of H.264 in the first 
embodiment as shown in FIGS. 7 and 8. 
(0253 (Example of Bidirectional Prediction in Case of 
Raster Block Prediction) 
0254. A description will be given as to a situation where 
the raster block prediction is set in the decoding control unit 
511 and the prediction mode is bidirectional prediction. The 
bidirectional prediction unit 403 has a function of combining 
two predicted image signals generated by the unidirectional 
prediction to generate a predicted image signal. That is, 
assuming that a prediction value of a first unidirectional pre 
dicted image signal is P1 and a prediction value of a second 
unidirectional predicted image signalis P2, a predicted image 
signal is generated by using Expression (7) explained above. 
(0255 (Example of Unidirectional Prediction in Case of 
Inverse Raster Block Prediction) 
0256 A description will now be given as to a situation 
where the inverse raster block prediction has been set in the 
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decoding control unit 511 and the prediction mode is the 
unidirectional prediction. In Such interpolation/extrapolation 
block prediction as explained in FIG. 21A, an order of respec 
tive Sub-blocks in a macro block is changed to a prediction 
order based on the inverse raster block prediction from that 
based on the raster block prediction. For example, when 
predicting an 8x8 pixel block, as shown in FIG. 22A, one 
block at an outside corner is first predicted as a block that can 
be subjected to extrapolative prediction (which will be 
referred to as an extrapolation block hereinafter), and other 
three blocks are then predicted as blocks that can be subjected 
to interpolative prediction (which will be referred to as inter 
polation blocks hereinafter). That is, the extrapolation block 
(4) is first predicted, and then the interpolation blocks (2), (3), 
and (1) are predicted. On the other hand, when predicting a 
4x4 pixel block, a prediction order is set by performing 
extrapolation block prediction and interpolation block pre 
diction with respect to each 4x4 pixel block in units of 8x8 
pixel block as shown in FIG.22B. 
0257 The prediction processing in units of 8x8 pixel 
block when the 4x4 pixel prediction is selected will now be 
described. In this prediction processing, when the prediction 
in units of 8x8 pixel block is terminated, a subsequent 8x8 
pixel block is predicted, namely, the prediction in units of 8x8 
pixel block is repeated for four times. 
0258 (Extrapolation Block Prediction) 
0259 When predicting an extrapolation block, since ref 
erence pixels are distanced from predicted pixels, a range of 
the reference pixels is as shown in FIG. 23A. In FIG. 23A, 
pixels A to X and Z are reference pixels, and pixels a top are 
predicted pixels. Although the range of the reference pixels is 
expanded, a technique of copying the reference pixels in 
accordance with a prediction angle to generate a predicted 
image signal is the same as that in the above-described raster 
block prediction. Specifically, a predicted image signal gen 
eration method when a mode 0 (vertical prediction) is 
selected is as represented by Expression (8). This mode 0 can 
be selected only when the reference pixels E to H are avail 
able. In the mode 0, when the reference pixels E to H are 
copied to the predicted pixels aligned in the vertical direction 
as they are as shown in FIG. 24, the predicted image signal is 
generated. 
0260 (Interpolation Block Prediction) 
0261. In FIGS. 22A and 22B, when predicting the inter 
polation block (2), since the prediction of the extrapolation 
block (4) has been terminated, the prediction that makes 
reference to pixels in the extrapolation block (4) can be per 
formed. When predicting the interpolation block (3), refer 
ence can be made to pixels in the interpolation block (2) in 
addition to the extrapolation block (4) to effect the prediction. 
When predicting the extrapolation block (1), reference can be 
made to pixels in the interpolation block (3) in addition to the 
extrapolation block (4) and the interpolation block (2) to 
effect the prediction. 
0262. Each of FIGS. 23B, 23C, and 23D shows a relation 
ship between the interpolation blocks (1), (2), and (3) and the 
reference pixels in the 4x4 pixel prediction. Pixels RA to RI 
are reference pixels newly added to FIG.23A, and pixels a to 
pare predicted pixels. 
0263 (Processing of Unidirectional Prediction Unit 402 
in Interpolation Block Prediction) 
0264. The unidirectional prediction unit 402 has a total of 
17 modes of directional prediction in extrapolation blocks 
and inverse extrapolative prediction for making reference to 
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reference pixels in a coded macro block in regard to the 
interpolation block prediction as shown in FIG. 25, and the 17 
modes except a mode 2 have prediction directions shifted in 
increments of 22.5 degrees. Inverse prediction modes are 
added to prediction modes of the extrapolation block predic 
tion (sequential block prediction) shown in FIG. 7. That is, 
respective modes of the vertical prediction, the horizontal 
prediction, the DC prediction, the diagonally lower left pre 
diction, the diagonally lower right prediction, the Vertical 
right prediction, the horizontal lower prediction, the vertical 
left prediction, and the horizontal upper prediction are also 
used in FIGS. 7 and 25 in common. 

0265. On the other hand, in FIG. 25, the inverse vertical 
prediction (a mode 9), the inverse horizontal prediction (a 
mode 10), the diagonally upper right prediction (a mode 11), 
the diagonally upper left prediction (a mode 12), the inverse 
vertical left prediction (a mode 13), the inverse horizontal 
upper prediction (a mode 14), the inverse vertical right pre 
diction (a mode 15), and the inverse horizontal lower predic 
tion (a mode 16) are added to the modes depicted in FIG. 7. 
0266. Whether the prediction mode can be selected is 
determined based on a positional relationship of the reference 
pixels with respect to the interpolation block and presence/ 
absence of the reference pixels shown in FIGS. 22A and 22B. 
For example, in the interpolation block (1), since the refer 
ence pixels are arranged in all of left, right, upper, and lower 
directions, all modes 0 to 16 can be selected as depicted in 
FIG. 25. On the other hand, in the interpolation block (2), 
since the reference pixels are not arranged on the right-hand 
side, the mode 10, the mode 14, and the mode 16 cannot be 
selected. In the interpolation block (3), since the reference 
pixels are not arranged on the lower side, the mode 9, the 
mode 13, and the mode 15 can be selected. 
0267 A description will now be given as to a predicted 
image signal generation method of the unidirectional predic 
tion unit 402 in the interpolation block prediction in case of 
the inverse raster block prediction. Specifically, when the 
mode 9 (the inverse vertical prediction) is selected, a pre 
dicted image signal is generated from the reference pixels 
placed at the nearest positions in the lower direction. In regard 
to each of the interpolation block (1) and the interpolation 
block (2), the predicted image signal is calculated in accor 
dance with Expression (9). 
0268. Each of FIGS. 26A and 26B shows a method for 
generating a predicted image signal with respect to the inter 
polation block (1) and the interpolation block (2) in the mode 
9. When the reference pixels RA to RD are copied to pre 
dicted pixels aligned in the vertical directions as they are, the 
predicted image signal is generated. In regard to the interpo 
lation block (3), since the reference pixels are not present in 
the lower direction, the mode 9 cannot be utilized. 
0269. In relation to prediction modes other than the mode 
9, a prediction method for copying a predicted image signal 
interpolated from the nearest pixels to which reference can be 
made in each prediction direction depicted in FIG.25 is used. 
When the reference pixels are not arranged in the prediction 
direction, values of the nearest reference pixels may be copied 
to generate and utilize the reference pixels, or virtual refer 
ence pixels may be generated from the interpolation of the 
plurality of reference pixels and the virtual reference pixels 
may be utilized for the prediction. 
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(0270 (Example of Bidirectional Prediction in Case of 
Inverse Raster Block Prediction) 
0271. A description will now be given as to a case that the 
inverse raster block prediction is set in the decoding control 
unit 414 and the prediction mode is the bidirectional predic 
tion. The bidirectional prediction unit 403 has a function of 
combining two predicted image signals generated by the uni 
directional prediction based on the inverse raster block pre 
diction to generate a predicted image signal. That is, Expres 
sion (7) is utilized to generate the predicted image signal of 
the bidirectional prediction. The predicted image signal gen 
erated as the unidirectional prediction means the predicted 
image signal 525 generated in accordance with a prediction 
mode indicated by each block index as shown in FIG. 25. 
0272. As explained above, the intra-prediction unit 302 in 
FIG. 20 includes the unidirectional prediction unit 402 and 
the bidirectional prediction unit 403 as the prediction units 
having different prediction methods and also includes the 
raster block prediction and the inverse raster block prediction 
as the prediction methods having different prediction orders. 
Additionally, as a combination of these types of prediction, 
there is a concept called an extrapolation block and an inter 
polation/extrapolation block. 
(0273 (Filtering Strength Determination Unit 508) 
0274. In this embodiment, a determination technique of 
the filtering strength determination unit 508 varies with a 
change in the prediction unit 504. The filtering strength deter 
mination unit 508 in this embodiment will now be described. 
A configuration of the filtering strength determination unit 
508 in this embodiment is similar to that in FIG. 12. However, 
a prediction complexity derivation table set in the prediction 
complexity derivation unit 303 is different. 
0275 FIG. 27 shows an example of the prediction com 
plexity derivation table concerning the prediction method of 
the intra-prediction in this embodiment. The prediction com 
plexity is high for the bidirectional intra-prediction which has 
higher prediction complexity than the unidirectional intra 
prediction. As explained in conjunction with FIGS. 24, 25. 
26A, and 26B, the unidirectional intra-prediction utilizes the 
prediction method of copying reference pixel values or pixel 
values obtained by interpolating the reference pixel values in 
a prediction direction. On the other hand, in the bidirectional 
prediction, filtering a predicted image signal generated by the 
unidirectional prediction enables generating a new predicted 
image signal. Since the deblocking filter processing is carried 
out with respect to a block boundary of the decoded image 
signal 526 generated by adding the predicted image signal 
525 to the prediction error signal 524, the prediction com 
plexity is set high with respect to the bidirectional prediction 
in which the filter processing is applied when generating the 
predicted image signal 525 as compared with the unidirec 
tional prediction. Consequently, this processing is equal to 
setting the low filtering strength. Setting the prediction com 
plexity in this manner enables preventing the deblocking 
processing from being excessively carried out with respect to 
block boundaries. 
0276 FIG. 28A shows a prediction complexity derivation 
table concerning a block prediction method in case of the 
inverse raster block prediction in an 8x8 pixel block of the 
intra-prediction according to this embodiment. As shown in 
FIG. 22A, in accordance with a prediction order, an index 0 
(an index of a block that is predicted first) alone corresponds 
to an extrapolation block and other three blocks correspond to 
interpolation/extrapolation blocks. In regard to the extrapo 
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lation block, Substantially the same prediction method as 
H.264 is adopted, and hence the prediction complexity is set 
to be higher than those of the interpolation/extrapolation 
blocks that the interpolative prediction can be used. Here, in 
the extrapolation block, since a distance from each reference 
pixel to a predicted pixel is long, reflecting spatial properties 
of an image in a prediction value is difficult. That is, the 
extrapolation block has a possibility that the prediction error 
signal 524 becomes large, and distortion at a block boundary 
tends to increase. Thus, in relation to the extrapolation block, 
the prediction complexity is set to be lower than those of the 
interpolation/extrapolation blocks, whereby the filtering 
strength of the deblocking filter is set to be rather high. 
0277 FIG. 28B shows a prediction complexity derivation 
table concerning a block prediction method and a distance 
from each reference pixel in the inverse raster block predic 
tion in an 8x8 pixel block of the intra-prediction according to 
this embodiment. In the inverse raster block prediction, as 
already explained in conjunction with FIGS. 23A and 23B, a 
distance from the reference pixel that can be used in each 
sub-block is different. In an extrapolation block, since the 
interpolative prediction cannot be utilized as described above, 
the complexity is set to be lower than that of an interpolation/ 
extrapolation block. 
(0278 Each of FIGS. 29A and 29B shows a prediction 
complexity derivation table concerning each block index and 
the number of reference pixels in an 8x8 pixel block of the 
intra-prediction according to this embodiment. FIG. 29A 
shows an example of the raster block prediction, and FIG. 
29B shows an example of the inverse raster block prediction. 
In FIG. 29A, since the number of reference pixels that can be 
used in accordance with each block index is not greatly dif 
ferent, the prediction complexity is the same in all blocks. On 
the other hand, in the inverse raster block prediction shown in 
FIG.29B, as explained in conjunction with FIGS. 23A, 23B, 
23C, and 23D, the number of reference pixels that can be used 
in each sub-block differs. Since the number of pixels that can 
be used in a prediction expression when the number of refer 
ence pixels is small is reduced to be smaller than that when 
more reference pixels can be utilized, the prediction complex 
ity is low. That is, when the prediction order varies, the num 
ber of available reference pixels is changed, and a direction 
along which the prediction can be performed is also changed. 
As a result, there arises a tendency of a block that is easy to be 
predicted and a block that is difficult to be predicted depend 
ing on each prediction order. Thus, to increase the filtering 
strength of the block that is difficult to be predicted, such a 
prediction complexity table is set. 
0279. It is to be noted that each of FIGS. 28A, 28B, 29A, 
and 29B shows an example of the intra-prediction of an 8x8 
pixel block, but similar technique can be utilized to create a 
prediction complexity derivation table for the intra-prediction 
of a 4x4 pixel block. 
0280. In the prediction complexity derivation unit 303 in 
FIG. 12, the above-described prediction complexity deriva 
tion table and Expression (4) are utilized to derive the predic 
tion complexity information 313 of a target block and the 
prediction complexity information 314 of an adjacent block. 
When both the pieces of prediction complexity information 
313 and 314 are input to the filtering strength information 
calculation unit 304, the final filtering strength information 
530 (a BS value) at a corresponding block boundary is cal 
culated by using Expressions (5) and (6). Thereafter, a pro 
cedure that the calculated filtering strength information 530 
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(130) is utilized to effect the filter processing is similar to the 
flow described in the second embodiment. 
0281 (First Specific Example of Filtering Strength Deter 
mination Method) 
0282. A first specific example of the filtering strength 
determination method in the fourth embodiment, specially a 
determination technique when determining the filtering 
strength will now be described with reference to FIG. 30. 
0283. The filtering strength determination unit 508 deter 
mines the filtering strength at each of both block boundaries 
in the vertical and horizontal directions required for the 
deblocking filter processing that is carried out at the block 
boundaries (a step S1001). The filtering strength is deter 
mined at all block boundaries placed at block boundaries in 
FIGS. 9A and 9B where the deblocking filter processing is 
effected. However, when a corresponding block boundary is 
aboundary of the image, the deblocking filterprocessing does 
not have to be carried out. 
0284 First, whether pixels p and q at target block bound 
aries have been intra-coded is determined (a step S1002). 
Here, when a determination result at the step S1002 is No. 
both the target block boundaries have been inter-coded, and 
hence the processing jumps to a filtering strength (BS value) 
determination processing inter-macro block (a step S1004). 
Here, the filtering strength of the inter-macro block is deter 
mined under other conditions which are not disclosed in this 
embodiment. 
0285. On the other hand, when the determination result at 
the step S1002 is Yes, whether the target pixel p or the adja 
cent pixel q is the inverse raster block prediction is deter 
mined (a step S1003). When a determination result at the step 
S1003 is Yes, whether the target pixel p or the adjacent pixel 
q is an extrapolation block is determined (a step S1005). 
When a determination result at the step S1005 is Yes, the 
filtering strength at the corresponding target block boundary 
is set to “medium' (BS22) (a step S1008). On the other hand, 
when the determination result at the step S1005 is No, the 
filtering strength at the corresponding target block boundary 
is set to “low” (BS21) (a step S1009). 
0286 On the other hand, when the result of the determi 
nation upon whether the target pixel p or the adjacent pixel q 
is the inverse raster block prediction is No, whether the target 
pixel p or the adjacent pixel q is the bidirectional prediction is 
determined (a step S1006). When a determination result at the 
step S1006 is Yes, the filtering strength at the corresponding 
target block boundary is set to “low” (BS21) (a step S1010). 
When the determination result at the step S1006 is No. 
whether the target pixel p or the adjacent pixel q is a macro 
block boundary is determined (a step S1007). When a deter 
mination result at the step S1007 is Yes, the filtering strength 
at the corresponding target block boundary is set to "high 
(BS23) (a step S1011). When the determination result at the 
step S1007 is No, the filtering strength at the corresponding 
target block is set to “medium' (BS22) (a step S1012). 
0287. The thus calculated filtering strength information 
530 is supplied to a filtering strength changeover switch 505, 
and the decoded image signal 526 is subjected to the deblock 
ing filter processing by using a pixel filter selected by the 
Switch 505. 
0288 (Second Specific Example of Filtering Strength 
Determination Method) 
0289. A second specific example of the filtering strength 
determination method in the fourth embodiment, especially a 
determination technique when determining the filtering 
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strength will now be described with reference to FIG. 31. In 
FIG. 31, like reference numeral denotes each step at which 
similar processing as that in FIG. 30 is executed, thereby 
omitting an explanation. 
0290. When the determination result at the step S1002, 

i.e., the result of the determination upon whether the pixels p 
and q at the target block boundaries have been intra-coded is 
Yes, whether the target pixel p or the adjacent pixel q is the 
bidirectional prediction is determined (a step S1101). When a 
determination result at the step S1101 is No, whether the 
target pixel p or the adjacent pixel q is a macro block bound 
ary is determined (a step S1102). When a determination result 
at the step S1102 is Yes, the filtering strength at the corre 
sponding target block boundary is set to “high” (BS23) (a 
step S1105). On the other hand, when the determination result 
at the step S1101 is No, the filtering strength at the corre 
sponding target block boundary is setto “medium' (BS22) (a 
step S1106). 
0291. On the other hand, when the determination result at 
the step S1001, i.e., the result of the determination upon 
whether the target pixel p or the adjacent pixel q is the bidi 
rectional prediction is Yes, whether the target pixel p or the 
adjacent pixel q is the inverse raster block prediction is deter 
mined (a step S1103). When a determination result at the step 
S1103 is No, the filtering strength at the corresponding target 
block boundary is set to “low” (BS21) (a step S1107). When 
the determination result at the step S1103 is Yes, whether the 
target pixel p or the adjacent pixel q is an extrapolation block 
is determined (a step S1104). 
0292. When a determination result at the step S1104 is 
Yes, the filtering strength at the corresponding target block 
boundary is set to “medium' (BS22) (a step S1109). When 
the determination result at the step S1104 is No, the filtering 
strength at the corresponding target block boundary is set to 
“low” (BS21) (a step S1108). 
0293. The thus calculated filtering strength information 
530 is supplied to the filtering strength changeover switch 
505, and the decoded image signal 526 is subjected to the 
deblocking filter processing by a pixel filter selected by the 
Switch 505. 

0294 As explained above, in the third and fourth embodi 
ments, when the filtering strength of the deblocking filter 
processing is determined in accordance with the prediction 
complexity, an increase in image quality difference between 
an original image and a decoded image at a block boundary 
due to the excessive filter processing can be avoided, and an 
effect of improving a coding efficiency and also improving a 
Subjective image quality can be successful. 
0295. It is to be noted that, at the time of decoding in a 
selected mode, generating a decoded image signal in the 
selected mode alone can Suffice, and this generation does not 
have to be performed in a loop for determining a prediction 
mode. 

0296. It is to be noted that the present invention is not 
restricted to the foregoing embodiments as it is, and constitu 
ent elements can be modified and embodied without depart 
ing from the scope on the embodying stage. Further, appro 
priately combining a plurality of constituent elements 
disclosed in the foregoing embodiments enables forming 
various kinds of inventions. For example, Some of all con 
stituent elements disclosed in the embodiments can be 
deleted. Furthermore, constituent elements in the different 
embodiments can be appropriately combined. 
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What is claimed is: 
1. An image encoding method comprising: 
performing prediction processing by using a reference 

image signal in accordance with a selected prediction 
mode in units of block obtained by dividing an image 
frame in order to generate a predicted image signal in 
units of prediction block; 

performing transform and quantization with respect to a 
prediction error signal indicative of a difference value 
between the predicted image signal and an input image 
signal in order to generate a quantized transform coeffi 
cient; 

performing entropy encoding with respect to the quantized 
transform coefficient in order to generate encoded data; 

performing inverse quantization and inverse transform 
with respect to the quantized transform coefficient in 
order to generate a decoded prediction error signal; 
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adding the predicted image signal to the decoded predic 
tion error signal in order to generate a locally decoded 
image signal; 

deriving prediction complexity indicative of a degree of 
complication of the prediction processing: 

determining filtering strength for the locally decoded 
image signal to become low as the prediction complexity 
increases; 

performing deblocking filter processing with respect to the 
locally decoded image signal in accordance with the 
filtering strength; and 

storing the locally decoded image signal after deblocking 
filterprocessing to be used as the reference image signal. 
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