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VIDEO ENCODINGAPPARATUS, VIDEO 
ENCODING METHOD, VIDEO ENCODING 
PROGRAM, VIDEO DECODINGAPPARATUS, 
VIDEO DECODING METHOD AND VIDEO 

DECODNG PROGRAM 

RELATED APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 10/810,792 filed on Mar. 26, 
2004, which claims priority to JP 2003-088618 filed on Mar. 
27, 2003, the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a video encoding 
apparatus, a video encoding method, a video encoding pro 
gram, a video decoding apparatus, a video decoding method, 
and a video decoding program. 
0004 2. Description of the Related Art 
0005 Generally, in a video encoding apparatus, a coding 
target frame is divided into a plurality of blocks of predeter 
mined size, and motion compensation prediction between 
each of the blocks and a prediction reference image of a 
predetermined region in a reference frame is performed so 
that motion vectors are detected, thus producing a predicted 
image of the coding target frame. In the video encoding 
apparatus, the coding target frame is expressed by motion 
vectors from the reference frame, so that the redundancy 
existing in the time direction is reduced. Furthermore, a pre 
diction residual image based on a difference between the 
coding target frame and the predicted image is converted by 
DCT (Discrete Cosine Transform), and is expressed as a set of 
DCT coefficients, so that the redundancy existing in the spa 
tial direction is reduced. 

0006. In the abovementioned video encoding apparatus, in 
order to achieve a further reduction of the redundancy exist 
ing in the time direction, the motion compensation prediction 
is performed with a high resolution by disposing interpolated 
pixels at the /2 pixel positions or 4 pixel positions between 
the integer pixels of the reference frame, so that the encoding 
efficiency is improved. A pixel value obtained by applying 
linear filter of (1 -5, 20, 20, -5, 1)/16 to 6 integer pixels that 
include 3 neighborhood integer pixels each on the left and 
right is given to the interpolated pixel that is located in the /2 
pixel position between the integer pixels that are lined up in 
the horizontal direction. A pixel value obtained by applying a 
linear filter of (1 -5, 20, 20, -5, 1)/16 to 6 integer pixels that 
include 3 neighborhood integer pixels each above and below 
is given to the interpolated pixel that is located in the /2 pixel 
positions between the integer pixels that are lined up in the 
vertical direction. A mean value of the pixel values of inter 
polated pixels in the /2 pixel positions which are adjacent in 
the horizontal direction is given to the interpolated pixel that 
is located at equal distances from four neighborhood integer 
pixels. Furthermore, a linearly interpolated value from two 
pixels among the neighborhood integer pixels or interpolated 
neighborhood pixels in the /2 pixel positions is given to the 
interpolated pixel that is in the 4 pixel position. Namely, 
pixel values obtained by applying filtering to neighborhood 
integer pixels are given to the interpolated pixels, so that even 
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in cases where the difference between the reference frame and 
the coding target frame is large. Thus the redundancy is effec 
tively reduced. 
0007 Here, a video encoding apparatus is known in which 
motion compensation prediction is performed by giving the 
means values of four neighborhood integerpixels to the pixels 
at the (3/4, 34) pixel positions in order to improve the filtering 
effect further (for example, see G. Bontegaard, "Clarification 
of “Funny Position”, ITU-T SG 16/Q15, doc. Q15-K-27, 
Portland, 2000.). In such a video encoding apparatus, the 
interpolated pixels are provided by using low-pass filters of 
which spectral band-pass in low frequency band is narrower 
than filter corresponding to linear interpolation, thereby 
improving the effect offiltering further. As a result, the redun 
dancy is reduced. The interpolated pixels to which low-pass 
filters of which spectral band-pass in low frequency band is 
narrow are applied are called “Funny Positions”. 

SUMMARY OF THE INVENTION 

0008. In the abovementioned video encoding apparatus, 
the following problem is encountered: namely, although the 
redundancy is reduced by providing the funny positions in the 
case of blocks of the coding target frame in which the varia 
tion from the reference frame is large, the provision of the 
funny positions increase the difference from the reference 
frames in the case of blocks of the coding target frame in 
which the variation from the reference frame is small, so that 
the effect of achieving high resolution of motion compensa 
tion prediction is lost. 
0009. The present invention was devised in order to solve 
the abovementioned problem; it is an object of the present 
invention to provide a video encoding apparatus, video 
encoding method, and video encoding program which allow 
the realization of an improvement in the encoding efficiency 
due to an increase in the resolution of motion compensation 
prediction and an improvement in the encoding efficiency due 
to filtering, and a video decoding apparatus, video decoding 
method, and video decoding program which restore a video 
from compressed data generated by the video encoding appa 
ratus of the present invention. 
0010. In order to solve the abovementioned problem, a 
Video encoding invention comprises motion compensation 
prediction means for generating a predicted image of a coding 
target frame by dividing the coding target frame into a plu 
rality of blocks, generating a prediction reference image that 
are formed by providing interpolated pixels which are pro 
duced by interpolation between integer pixels from integer 
neighborhood pixels in a predetermined region of a reference 
frame, and determining a motion vector for the prediction 
reference image for each of the plurality of blocks. The 
motion compensation prediction means has complexity 
extraction means for extracting complexity information 
which indicates a degree of complexity of movement from the 
reference frame for each of the plurality of blocks; and pre 
dicted image generating means for generating the predicted 
image by using the prediction reference image to which fil 
tering pixels are provided in accordance with the complexity 
information on the basis of a predetermined rule which 
increases the number of the filtering pixels which have pixel 
values produced by applying a low-pass filter of which spec 
tral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
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0011 A video encoding apparatus of another aspect of the 
present invention includes a motion compensation prediction 
step in which motion compensation prediction means gener 
ates a predicted image of a coding target frame by dividing the 
coding target frame into a plurality of blocks, generating a 
prediction reference image that is formed by providing inter 
polated pixels which are produced by interpolation between 
integer pixels from integer neighborhood pixels in a prede 
termined region of a reference frame, and determining a 
motion vector for the prediction reference image for each of 
the plurality of blocks. In the motion compensation prediction 
step, complexity extraction means extracts complexity infor 
mation which indicates a degree of complexity of movement 
from the reference frame for each of the plurality of blocks, 
and predicted image generating means generates the pre 
dicted image by using the prediction reference image to 
which filtering pixels are provided in accordance with the 
complexity information on the basis of a predetermined rule 
which increases the number of the filtering pixels which have 
pixel values produced by applying a low-pass filter of which 
spectral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
0012. A video encoding of still another aspect of the 
present invention causes a computer to function as motion 
compensation prediction means for generating a predicted 
image of a coding target frame by dividing the coding target 
frame into a plurality of blocks, generating a prediction ref 
erence image that is formed by providing interpolated pixels 
which are produced by interpolation between integer pixels 
from integer neighborhood pixels in a predetermined region 
of a reference frame, and determining a motion vector for the 
prediction reference image for each of the plurality of blocks. 
The motion compensation prediction means has: complexity 
extraction means for extracting complexity information 
which indicates a degree of complexity of movement from the 
reference frame for each of the plurality of blocks; and pre 
dicted image generating means for generating the predicted 
image by using the prediction reference image to which fil 
tering pixels are provided in accordance with the complexity 
information on the basis of a predetermined rule which 
increases the number of the filtering pixels which have pixel 
values produced by applying a low-pass filter of which spec 
tral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
0013. According to the abovementioned present inven 

tion, the complexity information indicating the degree of 
complexity of movement with respect to the reference frame 
is extracted for each of a plurality of blocks into which the 
coding target frame is divided. The number of filtering pixels 
which are given pixel values obtained by applying low-pass 
filters each of which spectral band-pass in low frequency 
band is narrow among a plurality of low-pass filters with 
different high-frequency cutoff characteristics in the predic 
tion reference image is increased in accordance with the 
degree of complexity specified by Such complexity informa 
tion. Namely, in the case of blocks in which the variation from 
the reference frame is Small, the predicted image is generated 
by using the prediction reference image with high resolution 
in which the number of filtering pixels is reduced, so that the 
precision of the motion compensation prediction is improved; 
accordingly, the redundancy is reduced. On the other hand, in 
the case of blocks in which the variation from the reference 
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frame is large, the predicted image are generated by using the 
prediction reference image in which the number of filter 
pixels is increased. Accordingly, the difference between the 
predicted image and the processing target block is reduced. 
As a result, the redundancy is reduced. As described above, 
since the number offiltering pixels is flexibly altered in accor 
dance with the variation from the reference frame for each 
block of the coding target frame, the encoding efficiency is 
improved. 
0014. In the present invention, the complexity extraction 
means can use an absolute value of a differential motion 
vector of a block surrounding the block for which the com 
plexity information is to be extracted as the complexity infor 
mation. 

0015. Furthermore, in the present invention, conversion 
means converts predicted residual difference image produced 
by calculating a difference between the coding target frame 
and the predicted image into a set of coefficients on the basis 
of a predetermined conversion rule. In this case, the complex 
ity extraction means can use the numbers of non-zero coeffi 
cients among the coefficients in a block Surrounding the 
blocks for which the complexity information is to be 
extracted as the complexity information. 
0016 Furthermore, in the present invention, the complex 
ity extraction means can use an absolute value of a differential 
motion vector of the blocks for which complexity information 
is to be extracted as the complexity information. 
0017. In addition, a video decoding apparatus of the 
present invention comprises motion compensation prediction 
means for generating a prediction reference image that is 
formed by providing interpolated pixels which are produced 
by interpolation between integer pixels from integer neigh 
borhood pixels in a predetermined region of a reference 
frame, and generating a predicted image by dividing the 
decoding target frame into a plurality of blocks, and perform 
ing motion compensation based on a motion vector included 
in compression data by using the prediction reference image. 
The motion compensation prediction means has: complexity 
extraction means for extracting complexity information 
which indicates a degree of complexity of movement from the 
reference frame for each of the plurality of blocks; and pre 
dicted image generating means for generating the predicted 
image by using the prediction reference image to which fil 
tering pixels are provided in accordance with the complexity 
information on the basis of a predetermined rule which 
increases the number of the filtering pixels which have pixel 
values produced by applying a low-pass filter of which spec 
tral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
0018. A video decoding method of another aspect of the 
present invention includes motion compensation prediction 
step in which motion compensation prediction means gener 
ates a prediction reference image that is formed by providing 
interpolated pixels which are produced by interpolation 
between integer pixels from integer neighborhood pixels in a 
predetermined region of a reference frame, and generates a 
predicted image by dividing the decoding target frame into a 
plurality of blocks and performing motion compensation 
based on a motion vector included in compression data by 
using the prediction reference image. In the motion compen 
sation prediction step, complexity extraction means extracts 
complexity information which indicates a degree of complex 
ity of movement from the reference frame for each of the 
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plurality of blocks, and predicted image generating means 
generates the predicted image by using the prediction refer 
ence image to which filtering pixels are provided in accor 
dance with the complexity information extracted by the com 
plexity extraction means on the basis of a predetermined rule 
which increases the number of the filtering pixels which have 
pixel values produced by applying a low-pass filter of which 
spectral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
0019. A video decoding program of still another aspect of 
the present invention causes a computer to function as motion 
compensation prediction means for generating a prediction 
reference image that are formed by providing interpolated 
pixels which are produced by interpolation between integer 
pixels from integer neighborhood pixels in a predetermined 
region of a reference frame, and generating a predicted image 
by dividing the decoding target frame into a plurality of 
blocks, and performing motion compensation based on a 
motion vector included in compression data by using the 
prediction reference image. The motion compensation pre 
diction means has: complexity extraction means for extract 
ing complexity information which indicates a degree of com 
plexity of movement from the reference frame for each of the 
plurality of blocks; and predicted image generating means for 
generating the predicted image by using the prediction refer 
ence image to which filtering pixels are provided in accor 
dance with the complexity information extracted by the com 
plexity extraction means on the basis of a predetermined rule 
which increases the number of the filtering pixels which have 
pixel values produced by applying a low-pass filter of which 
spectral band-pass in low frequency band is narrow among a 
plurality of low-pass filters with different high-frequency 
cutoff characteristics to neighborhood integer pixels. 
0020. According to the present invention, motion vectors 
are decoded from compressed data produced by the above 
mentioned video encoding apparatus or by a computer oper 
ated by the abovementioned video encoding program. Fur 
thermore, for each of the plurality of blocks of the decoding 
target frame, the complexity information indicating the 
degree of complexity of the movement from the reference 
frame is extracted. The prediction reference image in which 
the number of filtering pixels which have pixel values pro 
duced by applying low-pass filters each of which spectral 
band-pass in low frequency band is narrow among a plurality 
of low-pass filters with different high-frequency cutoff char 
acteristics are increased in accordance with the degree of 
complexity of the movement specified by Such complexity 
information are produced. The predicted image is produced 
from the prediction reference image using the abovemen 
tioned motion vectors. Accordingly, a video can be restored 
from the compressed data produced by the abovementioned 
Video encoding apparatus or by a computer operated by the 
abovementioned video encoding program. 
0021. In the abovementioned present invention, the com 
plexity extraction means can use an absolute value of a dif 
ferential motion vector of a block surrounding the block for 
which the complexity information is to be extracted as the 
complexity information. 
0022. Furthermore, in the abovementioned present inven 

tion, decoding means decodes compression data including 
compression codes. The compression code is generated by 
converting predicted residual difference image produced by 
calculating a difference between the decoding target frame 
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and the predicted image into a set of coefficients on the basis 
of a predetermined conversion rule and encoding the set of 
coefficients. In this case, the complexity extraction means can 
use the numbers of non-Zero coefficients among the coeffi 
cients in a block surrounding the blocks for which the com 
plexity information is to be extracted as the complexity infor 
mation. 
0023. Furthermore, in the abovementioned present inven 
tion, the complexity extraction means can use an absolute 
value of a differential motion vector of the blocks for which 
complexity information is to be extracted as the complexity 
information. 
0024. The present invention will be more fully understood 
from the detailed description given hereinbelow and the 
attached drawings, which are given by way of illustration 
only and are not to be considered as limiting the present 
invention. 
0025. Further scope of applicability of the present inven 
tion will become apparent from the detailed description given 
hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will be apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. In the course of the following detailed description, 
reference will be made to the attached drawings in which: 
0027 FIG. 1 is a block diagram which shows the func 
tional configuration of a video encoding apparatus of a first 
embodiment; 
0028 FIG. 2 is a block diagram which shows the configu 
ration of the motion compensation prediction unit provided in 
the video encoding apparatus of the first embodiment; 
0029 FIG. 3 is a schematic view of an example of a first 
prediction reference image generated by a first FP production 
unit provided in the video encoding apparatus of the first 
embodiment; 
0030 FIG. 4 is a schematic view of an example of a second 
prediction reference image produced by a second FP produc 
tion unit provided in the video encoding apparatus of the first 
embodiment; 
0031 FIG. 5 is a flow chart which shows a video encoding 
method of a first embodiment; 
0032 FIG. 6 is a flow chart relating to motion compensa 
tion prediction in the video encoding method of the first 
embodiment; 
0033 FIG. 7 is a block diagram which shows the configu 
ration of a video encoding program relating to a first embodi 
ment; 
0034 FIG. 8 is a block diagram which shows the configu 
ration of the motion compensation prediction module in the 
Video encoding program of the first embodiment; 
0035 FIG. 9 is a block diagram which shows the configu 
ration of an alternative motion compensation prediction unit 
in the video encoding apparatus of the first embodiment; 
0036 FIG. 10 is a flow chart relating to alternative motion 
compensation prediction in the video encoding method of the 
first embodiment; 
0037 FIG. 11 is a diagram which shows the configuration 
of an alternative motion compensation prediction module in 
the video encoding program of the first embodiment; 
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0038 FIG. 12 is a block diagram which shows the func 
tional configuration of a video encoding apparatus of a sec 
ond embodiment; 
0039 FIG. 13 is a block diagram which shows the func 
tional configuration of a video encoding apparatus constitut 
ing a third embodiment; 
0040 FIG. 14 is a block diagram which shows the con 
figuration of the motion compensation prediction unit of the 
Video encoding apparatus of the third embodiment; 
0041 FIG. 15 is a flow chart which shows the processing 
of the motion compensation prediction in the third embodi 
ment, 
0042 FIG. 16 is a diagram which shows the configuration 
of the motion compensation prediction module of a video 
encoding program relating to a third embodiment; 
0043 FIG. 17 is a block diagram which shows the func 
tional configuration of a video decoding apparatus relating to 
a fourth embodiment; 
0044 FIG. 18 is a block diagram which shows the con 
figuration of the motion compensation prediction unit of the 
Video decoding apparatus of the fourth embodiment; 
004.5 FIG. 19 is a flow chart of a video decoding method 
relating to a fourth embodiment; 
0046 FIG. 20 is a flow chart showing processing relating 
to the motion compensation prediction of the video decoding 
method of the fourth embodiment; 
0047 FIG. 21 is a diagram which shows the configuration 
ofa Video decoding program relating to a fourth embodiment; 
0048 FIG. 22 is a block diagram which shows the con 
figuration of an alternative motion compensation prediction 
unit in the video decoding apparatus of the fourth embodi 
ment, 
0049 FIG. 23 is a diagram which shows the configuration 
of an alternative motion compensation prediction module in 
the video decoding program of the fourth embodiment; 
0050 FIG. 24 is a block diagram which shows the func 
tional configuration of a video decoding apparatus relating to 
a fifth embodiment; 
0051 FIG. 25 is a block diagram which shows the func 
tional configuration of a video decoding apparatus constitut 
ing a sixth embodiment; 
0052 FIG. 26 is a block diagram which shows the con 
figuration of the motion compensation prediction unit of the 
Video decoding apparatus of the sixth embodiment; 
0053 FIG. 27 is a flow chart which shows the processing 
of motion compensation prediction in a video decoding 
method relating to a sixth embodiment; 
0054 FIG. 28 is a diagram which shows the configuration 
of a video decoding program relating to a sixth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0055 Embodiments of the present invention will be 
described below. Furthermore, in the description relating to 
the following embodiments, the same symbols are applied to 
the same or corresponding units in the respective figures in 
order to facilitate understanding of the description. 

First Embodiment 

0056. A video encoding apparatus 1 of a first embodiment 
of the present invention will be described. In physical terms, 
the video encoding apparatus 1 is a computer comprising a 
CPU (central processing unit), a memory apparatus called a 
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memory, a storage apparatus called a hard disk, and the like. 
Here, in addition to ordinary computers, such as personal 
computers or the like, the term “computer also includes 
portable information terminals such as mobile communica 
tions terminals, so that the concept of the present invention 
can be widely applied to apparatus that are capable of infor 
mation processing. 
0057 Next, the functional configuration of the video 
encoding apparatus 1 will be described. FIG. 1 is a block 
diagram which shows the functional configuration of the 
Video encoding apparatus 1. The video encoding apparatus 1 
functionally comprises a motion compensation prediction 
unit 2, a frame memory 4, a Subtraction unit 6, a conversion 
unit 8, a quantizing unit 10, an encoding unit 12, an inverse 
quantizing unit 14, an inverse conversion unit 16, an addition 
unit 18, and an MVD storage unit 20. 
0058. The motion compensation prediction unit 2 per 
forms motion compensation prediction using a reference 
frame that is stored in the frame memory 4, thereby determin 
ing differential motion vectors (hereafter, a differential 
motion vector is referred to as “MVD) and producing a 
predicted image of a coding target frame. The MVD is dif 
ferential vector formed by a motion vector of a processing 
target block and intermediate value of motion vectors in 
blocks Surrounding the processing target block. Details of the 
motion compensation prediction unit 2 will be described later. 
0059. The subtraction unit 6 calculates a difference 
between the predicted image produced by the motion com 
pensation prediction unit 2 and the coding target frame so that 
the subtraction unit 6 generates a predicted residual differ 
ence image. 
0060. The conversion unit 8 decomposes the predicted 
residual difference image into a set of coefficients on the basis 
of a predetermined conversion rule. For example, DCT (Dis 
crete Cosine Transform) can be used as the predetermined 
conversion rule. In the case where DCT is used, the predicted 
residual difference image is converted into a set of DCT 
coefficients. Furthermore, besides DCT, the matching pur 
suits method (hereafter referred to as the “MP method”) can 
be used as the predetermined conversion rule. The MP 
method is a method in which the predicted residual difference 
image is used as the initial residual component, and process 
ing in which the residual component is decomposed using a 
basis set on the basis of Equation (1) shown below is repeated. 
Here, in Equation (1), f indicates the predicted residual 
image, Rf indicates the residual component after the n-th 
repetitive operation, g, indicates the basis that maximizes the 
inner product with Rf, and R, findicates the residual com 
ponent after the m-th repetitive operation. That is, according 
to the MP method, the basis which maximizes an inner prod 
uct value with a residual component is selected from the basis 
set, and the residual component is decomposed into the 
selected basis and a largest inner product value which is a 
coefficient for multiplication with this basis. 

(1) 
f = X , (Rif, gin)gion + Rinf 

O 

0061 The quantizing unit 10 generates quantized coeffi 
cients by applying a quantizing operation to the coefficients 
generated by decomposing the predicted residual image by 
the conversion unit 8. 
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0062. The encoding unit 12 generates a compression code 
that is obtained by encoding the MVD produced by the 
motion compensation prediction unit 2. Furthermore, the 
encoding unit 12 generates a compression code that is 
obtained by encoding the quantized coefficients produced by 
the quantizing unit 10. The encoding unit 12 produces com 
pressed data that contains these compression codes. For 
example, entropy coding such as arithmetic coding can be 
used for this encoding processing. 
0063. The inverse quantizing unit 14, inverse conversion 
unit 16, and addition unit 18 are units that perform processing 
that is used to store the reference frame in the frame memory 
4. The inverse quantizing unit 14 inversely quantizes the 
quantized coefficients that have been obtained by the quan 
tizing unit 10. Using the coefficients generated by the inverse 
quantizing unit 14, the inverse conversion unit 16 performs 
conversion processing that is the inverse of the conversion 
processing performed by the conversion unit 8, thereby 
restoring the predicted residual image. The addition unit 18 
produces a reference frame by adding the predicted image of 
the reference frame and the predicted residual image restored 
by the inverse conversion unit 16. The reference frame is 
stored in the frame memory 4, as described above, and is used 
in the processing performed by the motion compensation 
prediction unit 2 that generates a predicted image of a next 
coding target frame. 
0064. The MVD storage unit 20 stores the MVDs that are 
generated by the motion compensation prediction unit 2. The 
MVDs stored in the MVD storage unit 20 are used in the 
processing performed by the motion compensation predic 
tion unit 2 (described later). 
0065. The motion compensation prediction unit 2 will be 
described in detail below. The motion compensation predic 
tion unit 2 divides the coding target frame into a plurality of 
blocks of a predetermined size. For each of the plurality of 
blocks, the motion compensation prediction unit 2 detects a 
motion vector to the reference frame, and uses the reference 
frame to generate the predicted image of the coding target 
frame. FIG. 2 is a block diagram which shows the configura 
tion of the motion compensation prediction unit 2. The 
motion 23 compensation prediction unit 2 comprises a pre 
diction reference region production unit 24, a first FP produc 
tion unit 26, a second FP production unit 28, a first prediction 
reference region storage unit 30, a second prediction refer 
ence region storage unit 32, a motion vector generation unit 
34, a reference region selector 36, a predicted image produc 
tion unit 38, and a prediction error decision unit 40. 
0066. The prediction reference region production unit 24 
generates the prediction reference image on the basis of the. 
reference frame RI stored in the frame memory 4. The pre 
diction reference region production unit 24 comprises a /2 
pixel interpolation region production unit 42 and a 4 pixel 
interpolation region production unit 44. 
0067. The /2 pixel interpolation region production unit 42 
provides interpolated pixels in the /2 pixel positions between 
the integer pixels of the reference frame, and thus converts the 
reference frame into image with a doubled resolution. Pixel 
values that are produced by applying a linear filter of (1 -5, 
20, 20, -5, 1)/16 to a total of 6 integer pixels (3 neighborhood 
integer pixels each on the left and right) are given to the 
interpolated pixels that are located in the /2 pixel positions 
sandwiched between integer pixels that are lined up in the 
horizontal direction. Pixel values that are produced by apply 
ing a linear filter of (1 -5, 20, 20, -5, 1)/16 to a total of 6 
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integer pixels (3 nearby integer pixels each above and below) 
are given to the interpolated pixels that are located in the /2 
pixel positions Sandwiched between integer pixels that are 
lined up in the vertical direction. The mean values of the pixel 
values of interpolated pixels in the /2 pixel positions that are 
adjacent in the horizontal direction are given as pixel values to 
the interpolated pixels that are located at equal distances from 
four neighborhood integer pixels. 
0068. The 4 pixel interpolation region production unit 44 
further provides interpolated pixels to the image with a 
doubled resolution produced by the 1/2 pixel interpolation 
region production unit 42, thus producing an image in which 
the resolution of the reference frame is quadrupled. Values 
that are linearly interpolated from 2 pixels among the neigh 
borhood integer pixels and interpolated pixels in the /2 pixel 
positions are given to these interpolated pixels as pixel values. 
The reference frame is converted into the image with a qua 
drupled resolution by the /2 pixel interpolation region pro 
duction unit 42 and 4 pixel interpolation region production 
unit 44, and the image is output to the first FP production unit 
26 and second FP production unit 28 as the prediction refer 
ence image. 
0069. The first FP production unit 26 produces a first pre 
diction reference image in which pixel values produced by 
applying a low-pass filter of which spectral band-pass in low 
frequency band is narrow to the prediction reference image 
are given to the (34, 34) pixel positions. The first FP produc 
tion unit 26 stores the first prediction reference image in the 
first prediction reference region storage unit 30. Hereafter, in 
the present specification, each of the interpolated pixels pro 
vided with pixel values obtained by applying low-pass filters 
each of which spectral band-pass in low frequency band is 
narrow to integer pixels will be referred to as “FP (funny 
position)”. Furthermore, low-pass filters each of which spec 
tral band-pass in low frequency band is narrow will be 
referred to as “low-pass filters”. 
0070 FIG. 3 is a schematic view of an example of a first 
prediction reference image generated by a first FP production 
unit provided in the video encoding apparatus of the first 
embodiment. The circles in FIG. 3 indicate pixels. In FIG. 3, 
the Solid black circles indicate integer pixels, and the empty 
circles indicate interpolated pixels. Furthermore, the circles 
with lattice-form hatching indicate the FPs. The first FP pro 
duction unit 26 provides a pixel value determined by adding 
values which are calculated by multiplying each of the pixel 
values of four neighborhood integer pixels which are located 
directly under the FP and lined up in the horizontal direction 
by a coefficient of /2 to each of the FPs. 
0071. The second FP production unit 28 produces a sec 
ond prediction reference image which is provided with a 
greater number of FPs than in the case of the first FP produc 
tion unit 26. The second FP production unit 28 stores the 
second prediction reference image in the second prediction 
reference region storage unit 32. FIG. 4 is a schematic view of 
an example of a second prediction reference image produced 
by a second FP production unit provided in the video encod 
ing apparatus of the first embodiment. In FIG. 4 as in FIG. 3, 
circles indicate pixels. In FIG. 4, the solid black circles indi 
cate integer pixels, the empty circles indicate interpolated 
pixels, and the circles shown with hatching indicate FPs. 
0072 The second FP production unit 28 gives pixel values 
produced as described below to the FPs. A pixel value 
obtained by applying a one-dimensional low-pass filter with 
coefficients of (%2, 2%2, /32) to three neighborhood integer 
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pixels, which are lined up in the horizontal and located in 
direction immediately above the FP is given to each of the FP 
at the (/4, 4) pixel positions shown with diagonal hatching in 
FIG. 4. A pixel value obtained by applying a one-dimensional 
low-pass filter with coefficients of (-2/32, /32, 1732, 1732, /32. 
-%2) to six neighborhood integer pixels, which are lined up in 
the horizontal direction and located immediately above the 
FP, is given to each of the FPs at the (3/4, 4) pixel positions 
shown with vertical hatching. A pixel values obtained by 
applying a one-dimensional low-pass filter with coefficients 
of (242.9/32, /32, /32, 2/32) to five neighborhood integer pixels, 
which are lined up in the horizontal direction and located 
immediately below the FP is given to each of the FPs at the 
(/4, 3/4) pixel positions shown with horizontal hatching. A 
pixel value obtained by applying a one-dimensional low-pass 
filter with coefficients of (3/32, 3/32, 3/32, 3/32) to four neigh 
borhood integer pixels, which are lined up in the horizontal 
direction and located immediately below the FP, is given to 
each of the FPs in the (3/4, 3/4) pixel positions shown with 
lattice-form hatching. 
0073. The motion vector generation unit 34 generates 
motion vectors from a processing target block of the coding 
target frame to positions where block matching for the motion 
compensation is performed in predetermined regions in the 
first or second prediction reference images, and outputs these 
motion vectors to the reference region selector 36 and pre 
dicted image production unit 38. For example, the motion 
vector generation unit 34 generates motion vectors from 
(-16, -16) to (16, 16) centered on the same position as the 
processing target block of the coding target frame. 
0074 The reference region selector 36 acquires MVDs in 
the blocks Surrounding the processing target block from the 
MVD storage unit 20, and uses the absolute values of these 
MVDs as complexity information that indicates the degree of 
complexity of the movement of the processing target block. 
Since the MVD is a differential vector between the motion 
vector for a certain block and the motion vectors for blocks 
surrounding the certain block, the absolute value of MVDs of 
blocks Surrounding the processing target block with complex 
movement is large. On the other hand, the absolute value of 
MVDs of blocks surrounding the processing target block with 
flat movement is Small. Accordingly, the complexity of the 
movement of the processing target block from the reference 
frame can be expressed by the absolute value of the MVDs of 
blocks Surrounding the processing target block. 
0075. In cases where the absolute values of the MVDs in 
blocks Surrounding the processing target blocks is Smaller 
than a predetermined value, the reference region selector 36 
decides that the movement of the processing target block is 
not complex, and then decides that the first prediction refer 
ence image stored in the first prediction reference region 
storage unit 30 should be selected as the prediction reference 
image used for motion compensation prediction. On the other 
hand, in cases where the absolute value of the MVDs in 
blocks Surrounding the processing target block is equal to or 
greater than the predetermined value, the reference region 
selector 36 decides that the movement of the processing target 
block is complex, and then decides that the second prediction 
reference image stored in the second prediction reference 
region storage unit 32 should be selected as the prediction 
reference image used for motion compensation prediction. 
The reference region selector 36 outputs the decision to the 
predicted image production unit 38. 
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0076. On the basis of the decision results from the refer 
ence region selector 36, the predicted image production unit 
38 selects either the first prediction reference image or second 
prediction reference image. The predicted image production 
unit 38 takes the images of blocks of portions specified by the 
motion vectors output by the motion vector generation unit 34 
from the selected image as predicted image candidates, and 
establishes a correspondence between these candidates and 
the abovementioned motion vectors. Such predicted image 
candidates are determined for all of a plurality of motion 
vectors generated by the motion vector generation unit 34. So 
that a plurality of sets, each of which is constituted by the 
predicted image candidate, and the motion vector corre 
sponding to the candidate are produced. 
(0077. The prediction error decision unit 40 selects the 
predicted image candidate that shows the least error with 
respect to the processing target block in the coding target 
frame EI among the predicted image candidates produced by 
the predicted image production unit 38, and takes the selected 
candidate as the predicted image PI of the processing target 
block. Furthermore, the prediction error decision unit 40 
takes the motion vector that has been associated with the 
selected candidate as the motion vector of the processing 
target block. The predicted images PI are determined for all of 
the blocks of the coding target frame EI. These predicted 
images are processed as described above by the Subtraction 
unit 6. Furthermore, motion vectors are also determined for 
all of the blocks of the coding target frame EI, and these 
motion vectors are converted into MVDs by the prediction 
error decision unit 40. Such MVDs are output to the encoding 
unit 12 by the prediction error decision unit 40. 
0078 Next, the operation of the video encoding apparatus 
1 will be described. At the same time, a video encoding 
method of a first embodiment of the present invention will be 
described. FIG. 5 is a flow chart which shows a video encod 
ing method of a first embodiment. Furthermore, FIG. 6 is a 
flow chart relating to motion compensation prediction in this 
Video encoding method. 
0079. In the video encoding method of the first embodi 
ment, as shown in FIG. 5, motion compensation prediction is 
first performed by the motion compensation prediction unit 2 
(step S01). In the motion compensation prediction, as shown 
in FIG. 6, prediction reference image is first produced by the 
prediction reference region production unit 24 (step S02). 
The prediction reference image is produced on the basis of the 
reference frame. The reference frame is converted into an 
image with a quadrupled resolution by the /2 pixel interpo 
lation region production unit 42 and "/4 pixel interpolation 
region production unit 44, and the resulting image with a 
quadrupled resolution is taken as prediction reference image. 
0080. As described above, the prediction reference image 

is converted into the first prediction reference image by the 
first FP production unit 26, and is stored in the first prediction 
reference region storage unit 30. Furthermore, the prediction 
reference image is converted into the second prediction ref 
erence image by the second FP production unit 28, and is 
stored in the second prediction reference region storage unit 
32 (step S03). 
I0081. Next, the degree of complexity of the processing 
target block is determined by the reference region selector 36 
using the MVDs of blocks Surrounding the processing target 
block. This degree of complexity is compared with the pre 
determined value by the reference region selector 36, and a 
decision that selects either the first prediction reference image 
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or second prediction reference image is made on the basis of 
the results of this comparison (step S04). 
0082 Next, the motion vector is generated by the motion 
vector generation unit 34, and the motion vector is output to 
the predicted image production unit 38 (step S05). Then, on 
the basis of the degree of complexity of the movement of the 
processing target block, the first prediction reference image 
or the second prediction reference image is selected by the 
reference region selector 36. Image of the region specified by 
the abovementioned motion vector in the image selected by 
the reference region selector 36 is extracted by the predicted 
image production unit 38, and is taken as predicted image 
candidate. The predicted image candidate is associated with 
the motion vector (step S06). 
0083. The processing of step S05 and step S06 is repeated 
for a region in the prediction reference image which is pre 
determined for the processing target block, and the candidate 
showing the least error with respect to the processing target 
block among the plurality of predicted image candidates is 
extracted by the prediction error decision unit 40 as the pre 
dicted image of the processing target block. Furthermore, the 
motion vector that is associated with the predicted image 
candidate thus extracted is extracted by the prediction error 
decision unit 40 as the motion vector of the processing target 
block (step S07). After the processing of steps S02 through 
S07 has been repeated for all of the blocks of the coding target 
frame, predicted images of the coding target frame are pro 
duced and output to the subtraction unit 6; furthermore, 
motion vectors of all of the blocks are converted into MVDs, 
and these MVDs are output to the encoding unit 12. 
0084. Returning to FIG. 5, calculation of the differences 
between the predicted images output by the motion compen 
sation prediction unit 2 and the coding target frame is per 
formed by the subtraction unit 6 so that predicted residual 
image is produced (step S08). The predicted residual image is 
decomposed into a set of coefficients by the conversion unit 8 
(step S09). The coefficients are respectively quantized by the 
quantizing unit 10, and are thus converted into quantized 
coefficients (step S10). Then, the abovementioned MVD and 
the quantized coefficients are encoded by the encoding unit 
12, so that compressed data is produced (step S11). 
0085 Next, a video encoding program 50 that causes a 
computer to function as the video encoding apparatus 1 will 
be described. FIG. 7 is a block diagram which illustrates the 
configuration of the video encoding program 50. The video 
encoding program 50 comprises a main module 51 that con 
trols the processing, a motion compensation prediction mod 
ule 52, a subtraction module 54, a conversion module 56, a 
quantizing module 58, an encoding module 60, an inverse 
quantizing module 62, an inverse conversion module 64, an 
addition module 66, and an MVD memory module 68. As is 
shown in FIG. 8, which is a diagram that illustrates the con 
figuration of the motion compensation prediction module 52, 
the motion compensation prediction module 52 comprises a 
prediction reference region production sub-module 70, a first 
FP production sub-module 72, a second FP production sub 
module 74, a motion vector generation sub-module 76, a 
reference region selection Sub-module 78, a predicted image 
production sub-module 80, and a prediction error decision 
module 82. The prediction reference region production sub 
module 70 comprises a /2 pixel interpolation region produc 
tion Sub-module 84 and a 4 pixel interpolation region pro 
duction sub-module 86. 
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I0086. The functions that are realized in a computer by the 
motion compensation prediction module 52, Subtraction 
module 54, conversion module 56, quantizing module 58, 
encoding module 60, inverse quantizing module 62, inverse 
conversion module 64, addition module 66, MVD memory 
module 68, prediction reference region production Sub-mod 
ule 70, first FP production sub-module 72, second FP produc 
tion Sub-module 74, motion vector generation Sub-module 
76, reference region selection sub-module 78, predicted 
image production Sub-module 80, prediction error decision 
module 82, /1:2 pixel interpolation region production Sub 
module 84, and 4 pixel interpolation region production Sub 
module 86 are respectively the same as the motion compen 
sation prediction unit 2. Subtraction unit 6, conversion unit 8. 
quantizing unit 10, encoding unit 12, inverse quantizing unit 
14, inverse conversion unit 16, addition unit 18, MVD storage 
unit 20, prediction reference region production unit 24, first 
FP production unit 26, second FP production unit 28, motion 
vector generation unit 34, reference region selector 36, pre 
dicted image production unit 38, prediction error decision 
unit 40, /2 pixel interpolation region production unit 42, and 
4 pixel interpolation region production unit 44. The video 
encoding program 50 is provided, for example, by recording 
media such as CD-ROM, DVD, ROM, or by semiconductor 
memories. The video encoding program 50 may be a program 
provided as computer data signals overa carrier wave through 
a network. 

I0087. The action and effect of the video encoding appara 
tus 1 of the first embodiment will be described below. In the 
video encoding apparatus 1, the absolute values of MVDs 
Surrounding blocks are extracted for each of a plurality of 
blocks into which the coding target frame is divided. The 
absolute values of these MVD express the degree of complex 
ity of the movement from the reference frame for the process 
ing target block. In the video encoding apparatus 1, in cases 
where the absolute values of the MVDs in blocks surrounding 
the processing target block are Smaller than a predetermined 
value, the predicted image is produced using the first predic 
tion reference image produced by the first FP production unit 
26. Namely, in cases where the movement of the processing 
target block from the reference frame is not complex, the 
predicted image is extracted from the first prediction refer 
ence image in which the number of FPS is Small. Accordingly, 
for the processing target block in which the movement from 
the reference frame is not complex, the encoding efficiency is 
improved by increasing the resolution. On the other hand, in 
cases where the absolute values of the MVDs in blocks sur 
rounding the processing target are equal to or greater than the 
predetermined value, the predicted image is produced using 
the second prediction reference image produced by the sec 
ond FP production unit 28. Namely, in cases where the move 
ment of the processing target block is complex, the predicted 
image is extracted from the second prediction reference 
image in which the number of FPS is large. Accordingly, for 
the processing target block in which the movement from the 
reference frame is complex, since the difference between the 
predicted image and the image of the processing target block 
is Small as a result of the predicted image being extracted 
from second prediction reference image in which the number 
of FPs is large, the redundancy is reduced. Thus, as a result of 
predicted images being produced from first prediction refer 
ence image and second prediction reference image in a flex 
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ible manner in accordance with variation of the processing 
target block from the reference frame, the encoding efficiency 
is improved. 
0088. Note that, in the abovementioned motion compen 
sation prediction unit 2, the prediction reference image for the 
reference frame as a whole is produced when motion com 
pensation prediction is performed. However, it would also be 
possible to produce prediction reference image only for a 
predetermined region in the reference frame in accordance 
with the positions of the processing target blocks, i.e., region 
in which block matching is to be performed in order to detect 
motion vector. In this case, the prediction reference image is 
newly produced each time that the processing target block is 
switched. FIG. 9 is a diagram which shows the configuration 
of an alternative motion compensation prediction unit in the 
Video encoding apparatus of the first embodiment. This 
motion compensation prediction unit 88 can be substituted 
for the motion compensation prediction unit 2 of the video 
encoding apparatus 1. 
0089. As is shown in FIG. 9, the motion compensation 
prediction unit 88 comprises a prediction reference region 
production unit 90, an adaptive FP production unit 92, a 
prediction reference region storage unit 94, a motion vector 
generation unit 96, a predicted image production unit 98, and 
a prediction error decision unit 100. 
0090 The prediction reference region production unit 90 
produces a prediction reference image on the basis of image 
of a predetermined region in the reference frame correspond 
ing to the processing target block in which motion compen 
sation prediction is to be performed. Such a predetermined 
region is a region in which block matching is to be performed 
in order to detect the motion vector of the processing target 
block. 
0091. The prediction reference region production unit 90 
comprises a /2 pixel interpolation region production unit 102 
and a 4 pixel interpolation region production unit 104. The /2 
pixel interpolation region production unit 102 converts the 
image of the abovementioned predetermined region in the 
reference frame into an image with a doubled resolution. 
Furthermore, the 4 pixel interpolation region production unit 
produces a prediction reference image in which the image 
with a doubled resolution is further converted into an image 
with a quadrupled resolution. The abovementioned increase 
in resolution is realized by processing that is the same as the 
processing performed by the above-mentioned /2 pixel inter 
polation region production unit 42 and 4 pixel interpolation 
region production unit 44. 
0092. The adaptive FP production unit 92 acquires MVDs 
in blocks Surrounding the processing target block from the 
MVD storage unit 20. In cases where the absolute values of 
the MVD are smaller thana predetermined value, the adaptive 
FP production unit 92 converts the (3/4, 3/4) pixel positions of 
the prediction reference image as FPs. The production pro 
cessing of Such FPS is the same as the processing performed 
by the first FP production unit 26. On the other hand, in cases 
where the absolute values of the abovementioned MVD are 
equal to or greater than the predetermined value, the adaptive 
FP production unit 92 provides FP to the prediction reference 
image by the same processing as that of the second FP pro 
duction unit 28. The prediction reference image provided 
with FPs by the adaptive FP production unit 92 is stored in the 
prediction reference region storage unit 94. 
0093. The motion vector generation unit 96 generates 
motion vectors from the processing target block to the posi 
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tions of the prediction reference image for which matching is 
to be performed, and outputs these motion vectors to the 
predicted image production unit 98. The motion vectors are 
generated to realize block matching with the entire region of 
prediction reference image. 
0094. The predicted image production unit 98 extracts an 
image of a region which is specified by the motion vector 
output by the motion vector generation unit 96 among the 
prediction reference images stored in the prediction reference 
region storage unit 94, as a candidate for the predicted image, 
and establishes a correspondence between the predicted 
image candidate and the motion vector. Such a predicted 
image candidate is produced in correspondence with each of 
the motion vectors generated by the motion vector generation 
unit 96. 
(0095. The prediction error decision unit 100 selects the 
predicted image candidate that shows the least error with 
respect to the processing target block among the predicted 
images candidates produced by the predicted image produc 
tion unit 98, and takes the selected candidates as the predicted 
image PI of the processing target block. Furthermore, the 
prediction error decision unit 100 takes the motion vector that 
is associated with the selected predicted image candidate as 
the motion vector of the processing target block. The pre 
dicted images are determined for all of the blocks of the 
coding target frame EI, and these predicted images PI are then 
output to the subtraction unit 6. Furthermore, motion vectors 
are also determined for all of the blocks of the coding target 
frame EI. These motion vectors are converted into MVDs, 
and then the MVDs output to the encoding unit 12 by the 
prediction error decision unit 100. 
0096. The operation of the video encoding apparatus 1 in 
a case where the motion compensation prediction unit 88 is 
used, and the video encoding method performed by this video 
encoding apparatus 1, will be described below. Here, only the 
processing performed by the motion compensation predic 
tion unit 88 that differs from the processing performed by the 
Video encoding apparatus 1 using the motion compensation 
prediction unit 2 will be described. FIG. 10 is a flow chart 
relating to alternative motion compensation prediction in the 
video encoding method of the first embodiment. 
0097. In this video encoding method, an image of a pre 
determined region of the reference frame is first extracted in 
accordance with the positions of the processing target block. 
The extracted image is converted into an image with a qua 
drupled resolution by the prediction reference region produc 
tion unit 90. The image with a quadrupled resolution is taken 
as the prediction reference image (step S20). 
(0098 Next, FPs are provided in the prediction reference 
image by the adaptive FP production unit 92 (step S21). The 
adaptive FP production unit 92 changes the number of FP 
provided in the prediction reference image as described above 
on the basis of the results of a comparison of the absolute 
values of the MVDs of the blocks surrounding the processing 
target block with a predetermined value. The prediction ref 
erence image thus provided with FPs is stored in the predic 
tion reference region storage unit 94. 
0099 Next, the motion vector generated by the motion 
vector generation unit 96 is output to the predicted image 
production unit 98 (step S22). Furthermore, an image of the 
block specified by the motion vector is extracted from the 
prediction reference image by the predicted image production 
unit 98, and the extracted image is taken as a predicted image 
candidate and associated with the motion vector (step S23). 
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The processing of steps S22 and S23 is repeated while the 
motion vectors are changed, so that a plurality of predicted 
image candidates are produced. Furthermore, the candidate 
showing the least error with respect to the processing target 
block, among the plurality of predicted image candidates, is 
selected by the prediction error decision unit 40 as the pre 
dicted image of the processing target block. Moreover, the 
motion vector associated with the selected candidate is 
extracted as the motion vector of the processing target block 
by the prediction error decision unit 100 (step S24). The 
processing of steps S20 through S24 is repeated for all of the 
blocks of the coding target frame so that predicted images of 
the coding target frame are produced, and these predicted 
images are output to the Subtraction unit 6. Furthermore, 
motion vectors relating to all of the blocks are converted into 
MVDs by the prediction error decision unit 100, and the 
MVDs are then output to the encoding unit 12. 
0100 Next, a video encoding program which is used to 
cause a computer to function as the video encoding apparatus 
1, comprising the motion compensation prediction unit 88, 
will be described. This video encoding program is con 
structed by replacing the motion compensation prediction 
module 52 in the video encoding program 50 with the motion 
compensation prediction module 106 described below. FIG. 
11 is a diagram which shows the configuration of an alterna 
tive motion compensation prediction module in the video 
encoding program of the first embodiment. 
0101 The motion compensation prediction module 106 
comprises a prediction reference region production Sub-mod 
ule 108, an adaptive FP production sub-module 110, a motion 
vector generation Sub-module 112, a predicted image produc 
tion sub-module 114, and a prediction error decision sub 
module 116. Furthermore, the prediction reference region 
production sub-module 108 comprises a /2 pixel interpola 
tion region production sub-module 118 and a 4 pixel inter 
polation region production sub-module 120. The functions 
that are realized in a computer by the prediction reference 
region production sub-module 108, adaptive production sub 
module 110, motion vector generation sub-module 112, pre 
dicted image production Sub-module 114, prediction error 
decision Sub-module 116, /2 pixel interpolation region pro 
duction sub-module 118, and 4 pixel interpolation region 
production sub-module 120 are respectively the same as the 
prediction reference production unit 90, adaptive FP produc 
tion unit 92, motion vector generation unit 96, predicted 
image production unit 98, prediction error decision unit 100, 
/2 pixel interpolation region production unit 102, and 4 pixel 
interpolation region production unit 104. 
0102. In the case of processing that thus produces the 
prediction reference image for a predetermined region in the 
reference frame for which block matching is to be performed, 
the memory capacity required at one time is reduced com 
pared to processing that produces the prediction reference 
image for the reference frames as a whole. 

Second Embodiment 

0103) Next, a video encoding apparatus 130 of a second 
embodiment of the present invention will be described. The 
video encoding apparatus 130 differs from the video encod 
ing apparatus 1 of the first embodiment in that the numbers of 
non-zero DCT coefficients in the blocks surrounding the pro 
cessing target block are used to express the degree of com 
plexity of the movement of the processing target block from 
the reference frame. Since the DCT coefficients are coeffi 
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cients into which the prediction residual difference image is 
decomposed, the number of non-zero DCT coefficients 
increases with an increase in the difference between the pro 
cessing target block and the predicted image, i.e., with an 
increase in the degree of complexity of the movement of the 
processing target block from the reference frame. 
0104. In physical terms, the video encoding apparatus 130 
has a configuration similar to that of the video encoding 
apparatus 1 of the first embodiment. FIG. 12 is a block dia 
gram which shows the functional configuration of a video 
encoding apparatus of a second embodiment. In functional 
terms, as is shown in FIG. 12, the video encoding apparatus 
130 comprises a motion compensation prediction unit 132, a 
frame memory 134, a 20 subtraction unit 136, a conversion 
unit 138, a quantizing unit 140, an encoding unit 142, an 
inverse quantizing unit 144, an inverse conversion unit 146. 
an addition unit 148, and a coefficient number storage unit 
150. Among these constituent elements, the motion compen 
sation prediction unit 132, conversion unit 138, and coeffi 
cient number storage unit 150 are units with 47 functions that 
differ from those in the video encoding apparatus 1. The 
motion compensation prediction unit 132, conversion unit 
138, and coefficient number storage unit 150 will be 
described below, and a description of the other units will be 
omitted. 

0105. The conversion unit 138 divides the prediction 
residual difference image output from the Subtraction unit 
136 into a plurality of blocks of a predetermined size, and 
performs a DCT on the prediction residual difference image 
in each of the plurality of blocks. The DCT coefficients are 
quantized by the quantizing unit 140 and are thus converted 
into quantized DCT coefficients, and the number of non-zero 
quantized DCT coefficients is recorded in the coefficient 
number storage unit for each block. These numbers of non 
Zero DCT coefficients stored in the coefficient number stor 
age unit 150 are used by the motion compensation prediction 
unit 132. 
0106 The motion compensation prediction unit 132 has a 
configuration similar to that of the motion compensation pre 
diction unit 2 of the first embodiment shown in FIG. 2, but 
uses the numbers of non-zero quantized DCT coefficients in 
the blocks Surrounding the processing target block instead of 
using the absolute values of the MVDs in the blocks sur 
rounding the processing target block when the reference 
region selector 36 determines the degree of complexity of the 
movement in the processing target block in the first embodi 
ment. Furthermore, since the remaining processing of the 
motion compensation prediction unit 132 is similar to that of 
the motion compensation prediction unit 2, a description of 
this processing is omitted. 
0107 The operation of the video encoding apparatus 130 
and the video encoding method performed by the video 
encoding apparatus 130 also differ from the first embodiment 
only in that the numbers of non-zero quantized DCT coeffi 
cients in the blocks Surrounding the processing target block 
are used to express the degree of complexity of the movement 
of the processing target block from the reference frame. 
Accordingly, a description of this operation and method is 
omitted. Furthermore, the video encoding program that is 
used to cause a computer to operate as the video encoding 
apparatus 130 similarly differs from the video encoding pro 
gram 50 of the first embodiment only in that the numbers of 
non-Zero quantized DCT coefficients in the Surrounding 
blocks are used to express the degree of complexity of the 
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movement of the processing target block from the reference 
frame. Accordingly, a description of this program is omitted. 
0108 Furthermore, in the video encoding apparatus 130 
as in the video encoding apparatus 1 of the first embodiment, 
the prediction reference image may be produced for the ref 
erence frame as a whole when motion compensation predic 
tion is performed, or the prediction reference image may be 
produced only for a predetermined region in the reference 
frame for which block matching is to be performed in accor 
dance with the position of the processing target block. 
0109 As explained above, the concept of the present 
invention can also be realized by using the numbers of non 
Zero quantized DCT coefficients in the blocks surrounding 
the processing target block as the degree of complexity of the 
movement of the processing target block from the reference 
frames as described above. 

Third Embodiment 

0110. Next, a video encoding apparatus 160 of a third 
embodiment of the present invention will be described. The 
video encoding apparatus 160 differs from the video encod 
ing apparatus 1 of the first embodiment in that the absolute 
value of the MVD in the processing target block is used to 
express the degree of complexity of the movement of the 
processing target block from the reference frame. 
0111. In physical terms, the video encoding apparatus 160 
has a configuration similar to that of the video encoding 
apparatus 1 of the first embodiment. FIG. 13 is a block dia 
gram which shows the functional configuration of a video 
encoding apparatus constituting a third embodiment. In func 
tional terms, as is shown FIG. 13, the video encoding appa 
ratus 160 comprises a motion compensation prediction unit 
162, a frame memory 164, a subtraction unit 166, a conver 
sion unit 168, a quantizing unit 170, an encoding unit 172, an 
inverse quantizing unit 174, an inverse conversion unit 176, 
and an addition unit 178. Among these constituent elements, 
in the video encoding apparatus 160, the motion compensa 
tion prediction unit 162 performs processing that differs from 
that of the constituent elements provided in the video encod 
ing apparatus 1. Accordingly, the motion compensation pre 
diction unit 162 will be described below, and a description 
relating to the other constituent elements will be omitted. 
0112 FIG. 14 is a block diagram which shows the con 
figuration of the motion compensation prediction unit of the 
Video encoding apparatus of the third embodiment. As shown 
in FIG. 14, the motion compensation prediction unit 162 
comprises a prediction reference region production unit 180, 
a prediction reference region storage unit 182, a motion vec 
tor generation unit 184, and adaptive FP production unit 186, 
a predicted image production unit 188, and a prediction error 
decision unit 190. 
0113. The prediction reference region production unit 180 
comprises a /2 pixel interpolation region production unit 192 
and a 4 pixel interpolation region production unit 194. The 
prediction reference region production unit 180 produces a 
prediction reference image in which an image of predeter 
mined region of the reference frame corresponding to the 
processing target block is converted into an image with a 
quadrupled resolution by the same processing as that of the 
prediction reference region production unit 90 of the first 
embodiment. The prediction reference region production unit 
180 stores the prediction reference image in the prediction 
reference region storage unit 182. 
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0114. The motion vector generation unit 184 produces 
motion vectors to the positions in the prediction reference 
image in which block matching is to be performed for the 
processing target block, and outputs these motion vectors to 
the adaptive FP production unit 186 and predicted image 
production unit 188. 
0115 The adaptive FP production unit 186 produces 
MVD by calculating a difference between median value of 
the motion vectors in the blocks Surrounding the processing 
target block and a motion vector output by the motion vector 
generation unit 184. In cases where the absolute value of the 
MVD is smaller than a predetermined value, the adaptive FP 
production unit 186 converts the (3/4, 34) position pixels of the 
prediction reference image into the FPs. The processing that 
produces these FPs is similar to the processing performed by 
the first FP production unit 26 of the first embodiment. On the 
other hand, in cases where the absolute value of the MVD is 
equal to or greater than the predetermined value. FP are 
provided in the prediction reference image by processing 
similar to that of the second FP production unit of the first 
embodiment. The prediction reference image provided with 
FP by the adaptive FP production unit 186 is output to the 
predicted image production unit 188. 
0116. The predicted image production unit 188 takes the 
image of a region specified by the motion vector output by the 
motion vector generation unit 184 from the prediction refer 
ence image output by the adaptive FP production unit 186 as 
a predicted image candidate, and establishes a correspon 
dence between the predicted image candidate and the motion 
vector. The motion vector generation unit 184 produces a 
plurality of motion vectors so that block matching is per 
formed for the entire region of the prediction reference image, 
and the predicted image candidates for the plurality of motion 
vectors are produced by the predicted image production unit 
188. 

0117. The prediction error decision unit 190 selects the 
candidate that shows the least error with respect to the pro 
cessing target block, among the plurality of predicted image 
candidates produced by the predicted image production unit 
188, as a predicted image. The prediction error decision unit 
190 extracts the motion vector associated with the selected 
candidate as the motion vector of the processing target block. 
Predicted images are determined for all of the blocks of the 
coding target frame, and are output to the Subtraction unit 
166. Motion vectors are also determined for all of the blocks 
of the coding target frame. These motion vectors are con 
verted into MVDs, and the MVDs are then output to the 
encoding unit 172 by the prediction error decision unit 190. 
0118. Next, the operation of the video encoding apparatus 
160 and the video encoding method of the third embodiment 
will be described. Here, only the processing relating to the 
motion compensation prediction that differs from the video 
encoding method of the first embodiment will be described. 
FIG. 15 is a flow chart which shows the processing of the 
motion compensation prediction in the third embodiment. 
0119. In the motion compensation prediction of the third 
embodiment, as shown in FIG. 15, an image of a region which 
is predetermined in accordance with the processing target 
block, among the reference frame, is first converted into an 
image with a quadrupled resolution by the prediction refer 
ence region production unit 180, and the image with a qua 
drupled resolution is stored as a prediction reference image in 
the prediction reference region storage unit 182 (step S30). 
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0120 Next, a motion vector to a position of the prediction 
reference image in which block matching is to be performed 
is generated by the motion vector generation unit 184, and the 
motion vectors is output to the adaptive FP production unit 
186 and predicted image production unit 188 (step S31). 
0121 Next, a differential motion vector (MVD) is pro 
duced by the adaptive FP production unit 186 on the basis of 
the motion vector output by the motion vector generation unit 
184 and vectors formed by the median value of motion vec 
tors of the blocks Surrounding the processing target block. 
The adaptive FP production unit 186 varies the number of FP 
provided in the prediction reference image as described above 
on the basis of the result of a comparison of the absolute value 
of the MVD and a predetermined value (step S33). 
0122) The image of the block in positions corresponding 
to the motion vector output by the motion vector generation 
unit 184 is extracted by the predicted image production unit 
188 from the prediction reference image output by the adap 
tive FP production unit 186, and the image is taken as a 
predicted image candidate, caused to correspond to the 
abovementioned motion vector and output to the prediction 
error decision unit 190 (step S34). The processing from step 
S31 to step S34 is repeated until block matching has been 
performed for all of the entire region of the prediction refer 
ence image, so that a plurality of predicted image candidates 
is produced. 
0123. The prediction error decision unit 190 selects the 
candidate that shows the least error with respect to the pro 
cessing target block, among the plurality of predicted image 
candidates, as a predicted image, and outputs the predicted 
image to the subtraction unit 166. Furthermore, the prediction 
error decision unit 190 extracts the motion vector that is 
associated with the predicted image. The prediction error 
decision unit 190 converts the motion vectors into MVD, and 
outputs the MVD to the encoding unit 172 (step S35) 
0124. The video encoding program that causes a computer 

to function as the video encoding apparatus 160 will be 
described below. Since this video encoding program differs 
from the video encoding program 50 of the first embodiment 
only interms of the configuration of the motion compensation 
prediction module, only the configuration of the motion com 
pensation prediction module 200 will be described here. 
0.125 FIG. 16 is a diagram which shows the configuration 
of the motion compensation prediction module of a video 
encoding program relating to a third embodiment. The 
motion compensation prediction module 200 comprises a 
prediction reference region production Sub-module 202, a 
motion vector generation Sub-module 204, an adaptive pro 
duction Sub-module 206, a predicted image production Sub 
module 208, and a prediction error decision sub-module 210. 
The prediction reference region production sub-module 202 
comprises a /2 pixel interpolation region production Sub 
module 212 and a 4 pixel interpolation region production 
sub-module 214. The functions that are realized in a computer 
by the prediction reference region production Sub-module 
202, motion vector generation sub-module 204, adaptive pro 
duction sub-module 206, predicted image production sub 
module 208, prediction error decision sub-module 210, /2 
pixel interpolation region production Sub-module 212, and 4 
pixel interpolation region production Sub-module 214 are 
respectively the same as the prediction reference region pro 
duction unit 180, motion vector generation unit 184, adaptive 
FP production unit 186, predicted image production unit 188, 
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prediction error decision unit 190, /2 pixel interpolation 
region production unit 192, and 4 pixel interpolation region 
production unit 194. 
I0126. As explained above, the concept of the present 
invention can also be realized by means of a video encoding 
apparatus with a configuration that uses the MVD of the 
processing target block themselves for expressing the degree 
of complexity of the movement of the processing target block. 

Fourth Embodiment 

I0127 Next, a video decoding apparatus 220 of a fourth 
embodiment of the present invention will be described. The 
Video decoding apparatus 220 is an apparatus that produces 
Video by decoding compressed data produced by the video 
encoding apparatus 1 of the first embodiment. In physical 
terms, the video decoding apparatus 220 is a computer com 
prising a CPU (central processing unit), a memory apparatus 
called a memory, a storage apparatus called a hard disk, and 
the like. Here, in addition to ordinary computers. Such as 
personal computers or the like, the term “computer also 
includes portable information terminals, such as mobile com 
munications terminals, so that the concept of the present 
invention can be widely applied to apparatus that is capable of 
information processing. 
I0128. The functional configuration of the video decoding 
apparatus 220 will be described below. FIG. 17 is a block 
diagram which shows the functional configuration of a video 
decoding apparatus relating to a fourth embodiment. In func 
tional terms, the video decoding apparatus 220 comprises a 
decoding unit 222, an inverse quantizing unit 224, an inverse 
conversion unit 226, an MVD storage unit 228, a motion 
compensation prediction unit 230, a frame memory 232, and 
an addition unit 234. 
I0129. The decoding unit 222 is a unit that decodes com 
pressed data produced by the video encoding apparatus 1. The 
decoding unit outputs the MVDs obtained by decoding the 
compressed data to the MVD storage unit 228 and the motion 
compensation prediction unit 230. Furthermore, the decoding 
unit 222 outputs the quantized coefficients decoded from the 
compressed data to the inverse quantizing unit 224. 
0.130. The inverse quantizing unit 224 produces coeffi 
cients by performing an inverse quantizing operation on the 
quantized coefficients, and outputs these coefficients to the 
inverse conversion unit 226. Using the coefficients output by 
the inverse quantizing unit 224, the inverse conversion unit 
226 produces a predicted residual difference image by per 
forming an inverse conversion on the basis of a predetermined 
inverse conversion rule. The inverse conversion unit 226 out 
puts the predicted residual image to the addition unit 234. 
Here, in cases where the DCT is used by the conversion unit 
8 of the video encoding apparatus 1, the inverse DCT can be 
used as the specified inverse conversion rule. Furthermore, in 
cases where the MP method is used by the conversion unit 8 
of the video encoding apparatus 1, the inverse operation of the 
MP method can be used as the predetermined inverse conver 
sion rule. 
I0131 The MVD storage unit 228 stores the MVDs that are 
output by the decoding unit 222. The MVDs stored by the 
MVD storage unit are utilized by the motion compensation 
prediction unit 230. 
0.132. Using the MVDs output by the decoding unit 222, 
the motion compensation prediction unit 230 produces a pre 
dicted image of the decoding target frame from the reference 
frame stored in the frame memory 232. The details of this 
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processing will be described later. The motion compensation 
prediction unit 230 outputs the predicted image that is pro 
duced to the addition unit 234. 
0133. The addition unit 234 adds the predicted image out 
put by the motion compensation prediction unit 230 and the 
predicted residual difference image output by the inverse 
conversion unit 226, and thus produces the decoding target 
frame. The addition unit 234 outputs the frame to the frame 
memory 232, and the frame that is output to the frame 
memory 232 is utilized by the motion compensation predic 
tion unit 230 as a reference frame. 
0134) Next, the details of the motion compensation pre 
diction unit 230 will be described. FIG. 18 is a block diagram 
which shows the configuration of the motion compensation 
prediction unit of the video decoding apparatus of the fourth 
embodiment. The motion compensation prediction unit 230 
comprises a prediction reference region production unit 236. 
a first FP production unit 238, a second FP production unit 
240, a first prediction reference region storage unit 242, a 
second prediction reference region storage unit 244, a refer 
ence region selector 246, and a predicted image production 
unit 248. 
0135 The prediction reference region production unit 236 
produces a prediction reference image on the basis of the 
reference frame RI stored in the frame memory 232. The 
prediction reference region production unit 24 has a /2 pixel 
interpolation region production unit 250 and a 4 pixel inter 
polation region production unit 252. The /2 pixel interpola 
tion region production unit 250 and 4 pixel interpolation 
region production unit 252 respectively perform the same 
processing as the /2 pixel interpolation region production unit 
42 and/4 pixel interpolation region production unit 44 of the 
Video encoding apparatus 1. 
0136. The first FP production unit 238 performs the same 
processing as the first FP production unit 26 of the video 
encoding apparatus 1; this unit produces a first prediction 
reference image, and stores the image in the first prediction 
reference region storage unit 242. The second FP production 
unit 240 performs the same processing as the second FP 
production unit 28 of the video encoding apparatus 1; this unit 
produces a second prediction reference image, and stores the 
image in the second prediction reference region storage unit 
244. 

0.137 The reference region selector 246 performs the 
same processing as the reference region selector 36 of the 
Video encoding apparatus 1; this selector acquires MVDs in 
the blocks Surrounding the processing target block from the 
MVD storage unit 228, compares the absolute values of the 
acquired MVDs with a predetermined value, and outputs the 
decision that selects either the first prediction reference image 
or the second prediction reference image on the basis of the 
result of the comparison. 
0.138. The predicted image production unit 248 calculates 
the motion vector of the processing target block from the 
MVD output by the decoding unit 222. Furthermore, the 
predicted image production unit 248 selects either the first 
prediction reference image or the second prediction reference 
images on the basis of the decision produced by the reference 
region selector 246, and extracts an image of a region speci 
fied by the motion vector of the processing target block, 
among the selected image, as a predicted image of the pro 
cessing target block. 
0.139. The operation of the video decoding apparatus 220 
will be described below, and the video decoding method of 
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the fourth embodiment will also be described. FIG. 19 is a 
flow chart of a video decoding method relating to a fourth 
embodiment. Furthermore, FIG. 20 is a flow chart showing 
processing relating to the motion compensation prediction of 
the video decoding method of the fourth embodiment. 
0140. In the video decoding method of the fourth embodi 
ment, as shown in FIG. 19, the MVDs and quantized coeffi 
cients for each of the plurality of blocks of the decoding target 
frame are first decoded by the decoding unit 222 from the 
compressed data produced by the video encoding apparatus 1 
(step S40). The quantized coefficients are converted into coef 
ficients produced by the performance of an inverse quantizing 
operation by the inverse quantizing unit 224 (step S41). These 
coefficients are used for the inverse conversion performed by 
the inverse conversion unit 226, and as a result of this inverse 
conversion, the predicted residual difference image is 
restored (step S42). 
0.141. The MVDs decoded by the decoding unit 222 are 
stored by the MVD storage unit 208. Furthermore, the MVDs 
decoded by the decoding unit 222 are output to the motion 
compensation prediction unit 230, and motion compensation 
prediction is performed by the motion compensation predic 
tion unit 230 using these MVDs (step S43). 
0142. In the motion compensation prediction unit 230, as 
shown in FIG. 20, a prediction reference image, which is 
formed as an image in which the resolution of the reference 
frame is quadrupled is produced by the prediction reference 
region production unit 236 (step S44). The prediction refer 
ence image is output to the first FP production unit and second 
FP production unit 240. The prediction reference image is 
converted into a first prediction reference image by the first 
FP production unit 238, or is converted into a second predic 
tion reference image by the second FP production unit 240 
(step S45). 
0.143 Next, the degree of complexity of the movement of 
the processing target block is determined by the reference 
region selector 246 using the MVDs in the blocks surround 
ing the processing target block. This degree of complexity is 
compared with a predetermined value by the reference region 
selector 246, and a decision that selects either the first pre 
diction reference image or the second prediction reference 
image is made on the basis of the results of the comparison 
(step S46). Furthermore, a motion vector of the processing 
target block is generated on the basis of the MVD by the 
predicted image production unit 248. Moreover, an image of 
a region specified by the motion vector of the processing 
target block is extracted by the predicted image production 
unit 248 from the image selected by the reference region 
selector 246, among the first prediction reference images and 
second prediction reference images (step S47). The image 
extracted by the predicted image production unit 248 is taken 
as the predicted image of the processing target block. 
0144. The processing of steps S52 and S53 is performed 
for all of the blocks of the decoding target frame, so that the 
predicted images of the decoding target frame are produced. 
Returning to FIG. 19, the predicted images of the decoding 
target frame and the predicted residual difference image are 
added by the adding unit 234, so that the decoding target 
frame is restored (step S48). 
0145 The video decoding program that causes a computer 
to operate as the video decoding apparatus 220 will be 
described below. FIG. 21 is a diagram which shows the con 
figuration of a video decoding program relating to a fourth 
embodiment. The video decoding program 260 comprises 
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260 a main module 261 that controls the processing, a decod 
ing module 262, an inverse quantizing module 264, an inverse 
conversion module 266, an MVD memory module 268, a 
motion compensation prediction module 270, and an addition 
module 272. The motion compensation prediction module 
270 comprises a prediction reference region production sub 
module 274, a first FP production sub-module 276, a second 
FP production sub-module 278, a reference region selection 
Sub-module 280, and a predicted image production Sub-mod 
ule 282. The prediction reference region production sub 
module 274 comprises a /2 pixel interpolation region produc 
tion Sub-module 284 and a 4 pixel interpolation region 
production sub-module 286. 
0146 The functions that are realized in a computer by the 
decoding module 262, inverse quantizing module 264. 
inverse conversion module 266, MVD storage module 268, 
motion compensation prediction module 270, addition mod 
ule 272, prediction reference region production sub-module 
274, first FP production sub-module 276, second FP produc 
tion sub-module 278, reference region selection sub-module 
280, predicted image production module 282, /3 pixel inter 
polation region production Sub-module 284, and 4 pixel 
interpolation region production Sub-module 286 are respec 
tively the same as the decoding unit 222, inverse quantizing 
unit 224, inverse conversion unit 226, MVD storage unit 228, 
motion compensation prediction unit 230, addition unit 234, 
prediction reference region production unit 236, first FP pro 
duction unit 238, second FP production unit 240, reference 
region selector 246, predicted image production unit 248, /2 
pixel interpolation region production unit 250, and 4 pixel 
interpolation region production unit 252. The video decoding 
program 260 comprises 260 is provided, for example, by 
recording media such as CD-ROM, DVD, ROM, or by semi 
conductor memories. The video decoding program 260 com 
prises 260 may be a program provided as computer data 
signals over a carrier wave through a network. 
0147 The action and effect of the video decoding appara 
tus 220 of the fourth embodiment will be described below. In 
the video decoding apparatus 220, the absolute values of 
MVDs in the blocks surrounding the processing target block 
are extracted. The absolute values of these MVD express the 
degree of complexity of the movement of the processing 
target block from the reference frame. In the video decoding 
apparatus 220, in cases where the absolute values of the 
MVDS in the areas Surrounding the processing target block 
are smaller than a predetermined value, a predicted image is 
extracted from the first prediction reference image produced 
by the first FP production unit 238. Namely, the predicted 
image is produced by using the first prediction reference 
image, in which the number of FP is small. On the other hand, 
in cases where the absolute values of the MVDs in the areas 
Surrounding the processing target block are equal to or greater 
than the predetermined value, the predicted image is 
extracted from the second prediction reference image pro 
duced by the second FP production unit 240. Namely, the 
predicted image is produced by using the second prediction 
reference image, in which the number of FP is large. Thus, the 
video decoding apparatus 220 can restore the video by faith 
fully performing the processing that is the inverse processing 
with respect to the processing of the video encoding appara 
tus 1. 

0148. Note that, in the motion compensation prediction 
unit 230, the prediction reference image is produced for the 
reference frame as a whole when motion compensation pre 
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diction is performed. However, the motion compensation pre 
diction unit 230 may also be constructed so that the prediction 
reference image is produced only for a predetermined region 
of the reference frame with respect to the processing target 
block, i.e., for the region that is required in order to extract the 
predicted image using the motion vector. In this case, the 
prediction reference image is produced each time that the 
processing target block is switched. FIG. 22 is a block dia 
gram which shows the configuration of an alternative motion 
compensation prediction unit in the video decoding apparatus 
of the fourth embodiment. Such a motion compensation pre 
diction unit 290 can be substituted for the motion compensa 
tion prediction unit 230 of the video decoding apparatus 220. 
014.9 The motion compensation prediction unit 290 com 
prises a prediction reference region production unit 292, an 
adaptive FP production unit 294, a prediction reference 
region storage unit 296, and a predicted image production 
unit 298. 
0150. The prediction reference region production unit 292 
produces a prediction reference image on the basis of a pre 
determined region of the reference frame corresponding to 
the processing target block. The prediction reference region 
production unit 292 comprises a /2 pixel interpolation region 
production unit 302 and a /4 pixel interpolation region pro 
duction unit 304. The /2 pixel interpolation region production 
unit 302 converts an image of the above-mentioned predeter 
mined region into an image with a doubled resolution. Fur 
thermore, the 4 pixel interpolation region production unit 
304 produces a prediction reference image in which the 
image with a doubled resolution is further converted into an 
image with a quadrupled resolution. Such an increase in 
resolution can be realized by processing similar to that per 
formed by the /2 pixel interpolation region production unit 42 
and 4 pixel interpolation region production unit 44 of the 
Video encoding apparatus 1. 
0151. The adaptive FP production unit 294 acquires 
MVDs in the blocks surrounding the processing target block 
from the MVD storage unit 208, and in cases where the 
absolute values of these MVDs are smaller than a predeter 
mined value, the adaptive FP production unit 294 converts the 
(3/4, 3/4) pixel positions of the prediction reference image into 
FPs. The processing that produces these FPs is similar to the 
processing performed by the first FP production unit 238. On 
the other hand, in cases where the absolute values of the 
abovementioned MVDs are equal to or greater than the pre 
determined value, the adaptive FP production unit 294 pro 
vides FP to the prediction reference image by processing 
similar to that of the second FP production unit 240. The 
prediction reference image provided with FP by the adaptive 
FP production unit 294 is stored in the prediction reference 
region storage unit 296. 
0152 The predicted image production unit 298 generates 
a motion vector for the processing target block from the MVD 
decoded by the decoding unit 222. The predicted image pro 
duction unit 298 extracts an image specified by the motion 
vector of the processing target block from the prediction 
reference image stored in the prediction reference region 
storage unit 94, and outputs the resulting image as a predicted 
image. 
0153. Next, the motion compensation prediction module 
310 that is used to cause a computer to operate in the same 
manner as the motion compensation prediction unit 290 will 
be described. The motion compensation prediction module 
310 is used instead of the motion compensation prediction 
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module 270 of the video decoding program 260. FIG. 23 is a 
diagram which shows the configuration of an alternative 
motion compensation prediction module in the video decod 
ing program of the fourth embodiment. 
0154 The motion compensation prediction module com 
prises a prediction reference region production Sub-module 
312, an adaptive production sub-module 314, and a predicted 
image production sub-module 316. The prediction reference 
region production Sub-module 312 comprises a /2 pixel inter 
polation region production sub-module 318 and a 4 pixel 
interpolation region production sub-module 320. The func 
tions that are realized in a computer by the prediction refer 
ence region production Sub-module 312, adaptive production 
Sub-module 314, predicted image production Sub-module 
316, /2 pixel interpolation region production sub-module 
318, and 4 pixel interpolation region production sub-module 
320 are respectively the same as the prediction reference 
region production unit 292, adaptive FP production unit 294, 
predicted image production unit 298, /2 pixel interpolation 
region production unit 302, and 4 pixel interpolation region 
production unit 3.04. 
0155. In the case of the motion compensation prediction 
unit 290, the prediction reference image can be produced for 
only the region that is required in order to extract the predicted 
image for the processing target block; accordingly, the 
memory capacity that is required in order to produce the 
prediction reference image for the reference frame as a whole 
can be reduced. 

Fifth Embodiment 

0156 A video decoding apparatus 330 constituting a fifth 
embodiment of the present invention will be described. The 
Video decoding apparatus 330 is an apparatus that restores 
video from the compressed data produced by the video 
encoding apparatus 130 of the second embodiment. The 
video decoding apparatus 330 differs from the video decod 
ing apparatus 220 of the fourth embodiment in that the num 
bers of quantized CDT coefficients in the blocks surrounding 
the processing target block are used to express the degree of 
complexity of the movement of the processing target block in 
the decoding target frame from the reference frame. 
0157. In physical terms, the video decoding apparatus 330 
has a configuration similar to that of the video decoding 
apparatus 220 of the fourth embodiment. FIG. 24 is a block 
diagram which shows the functional configuration of a video 
decoding apparatus relating to a fifth embodiment. In func 
tional terms, the video decoding apparatus 330 comprises a 
decoding unit 332, an inverse quantizing unit 334, an inverse 
conversion unit 336, a coefficient number storage unit 338, a 
motion compensation prediction unit 340, a frame memory 
342, and an addition unit 344. Among these constituent ele 
ments, the inverse conversion unit 336, coefficient number 
storage unit 338, and motion compensation prediction unit 
340 are units with functions that differ from those of the video 
decoding apparatus 220; accordingly, the inverse conversion 
unit 336, coefficient number storage unit 338 and motion 
compensation prediction unit 340 will be described below, 
and a description of the other units will be omitted. 
0158. The inverse conversion unit 336 restores the pre 
dicted residual difference image by applying an inverse DCT 
to the DCT coefficients produced by the performance of an 
inverse quantizing operation by the inverse quantizing unit 
334. 
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0159. The coefficient number storage unit 338 stores the 
number of quantized DCT coefficients decoded by the decod 
ing unit 332 for each block of the decoding target frame. The 
numbers of non-zero quantized DCT coefficients are utilized 
by the motion compensation prediction unit 340. 
0160. In the motion compensation prediction unit 340, the 
numbers of the non-zero quantized DCT coefficients in the 
blocks Surrounding the processing target block are used by 
the reference region selector as the degree of complexity of 
movement relating to the processing target block. In other 
respects relating to the configuration of the motion compen 
sation prediction unit 340, the configuration is the same as 
that of the motion compensation prediction unit 230 of the 
Video decoding apparatus 220; accordingly, a description is 
omitted. The motion compensation prediction unit 340 pro 
duces a predicted image in which the numbers of FP are 
altered on the basis of this degree of complexity of movement. 
0.161 Furthermore, the video decoding method of the fifth 
embodiment is the same as the video decoding method of the 
fourth embodiment, except for the fact that the numbers of 
non-zero quantized DCT coefficients in the blocks surround 
ing the processing target block are used as the degree of 
complexity of the movement of the processing target block; 
accordingly, a description is omitted. Furthermore, the video 
decoding program that is used to cause a computer to operate 
as the video decoding apparatus 330 can also be constructed 
by changing the motion compensation prediction module 270 
of the video decoding program 260 to a module that causes 
the computer to realize the function of the motion compen 
sation prediction unit 340. 
0162 Thus, the video decoding apparatus 330 of the fifth 
embodiment can restore the video by faithfully performing 
processing that is the inverse processing with respect to the 
processing of the video encoding apparatus 130. 

Sixth Embodiment 

0163 A video decoding apparatus 350 of a sixth embodi 
ment of the present invention will be described. The video 
decoding apparatus 350 is an apparatus that decodes video 
from the compressed data produced by the video encoding 
apparatus 160 of the third embodiment. The video decoding 
apparatus 350 differs from the video decoding apparatus 220 
of the fourth embodiment in that the absolute value of the 
MVD in the processing target block is utilized in order to 
express the complexity of the movement of the processing 
target block in the decoding target frame from the reference 
frame. 

0164. In physical terms, the video decoding apparatus 350 
has a configuration similar to that of the video decoding 
apparatus 220 of the fourth embodiment. FIG. 25 is a block 
diagram which shows the functional configuration of a video 
decoding apparatus constituting a sixth embodiment. In func 
tional terms, as is shown in FIG. 25, the video decoding 
apparatus 350 comprises a decoding unit 352, an inverse 
quantizing unit 354, an inverse conversion unit 356, a motion 
compensation prediction unit 358, a frame memory 360, and 
an addition unit 362. In the video decoding apparatus 350, 
among these constituent elements, the motion compensation 
prediction unit 358 performs processing that differs from that 
of the constituent elements provided in the video decoding 
apparatus 220; accordingly, the motion compensation predic 
tion unit 358 will be described below, and a description relat 
ing to the other constituent elements will be omitted. 
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0.165 FIG. 26 is a block diagram which shows the con 
figuration of the motion compensation prediction unit of the 
Video decoding apparatus of the sixth embodiment. As is 
shown in FIG. 26, the motion compensation prediction unit 
358 comprises a prediction reference region production unit 
370, an adaptive FP production unit 372, a prediction refer 
ence region storage unit 374, and a predicted image produc 
tion unit 376. The prediction reference region production unit 
370 comprises a /2 pixel interpolation region production unit 
380 and a 4 pixel interpolation region production unit 382. 
The prediction reference region production unit 370 produces 
a prediction reference image in which an image of a prede 
termined region of the reference frame corresponding to the 
processing target block are converted into an image with a 
quadrupled resolution by processing similar to that of the 
prediction reference region production 292 in the fourth 
embodiment. 

(0166 In cases where the absolute value of the MVD of the 
processing target block, which is decoded by the decoding 
unit 352, is smaller than a predetermined value, the adaptive 
FP production unit 372 converts the (34,34) pixel positions of 
the prediction reference image as FPs. The processing that 
produces these FPs is similar to the processing performed by 
the first FP production unit 238 of the fourth embodiment. On 
the other hand, in cases where the absolute value of the 
abovementioned MVD is equal to or greater than the prede 
termined value, the adaptive FP production unit 372 provides 
FPS to the prediction reference image by processing similar to 
that of the second FP production unit 240 of the fourth 
embodiment. The prediction reference image provided by the 
adaptive FP production unit 372 are stored in the prediction 
reference region storage unit 374. 
0167. The predicted image production unit 376 generates 
a motion vector from the MVD of the processing target block, 
which is decoded by the decoding unit 352. The predicted 
image production unit 376 takes an image of a region speci 
fied by the motion vector of the processing target block, 
among the prediction reference image produced by the adap 
tive FP production unit 372, as a predicted image. The pre 
dicted images are determined for all of the blocks of the 
decoding target frame, and are output to the addition unit 362. 
0168 The video decoding method of the sixth embodi 
ment will be described below. In regard to this video decoding 
method, the motion compensation prediction processing that 
differs from that of the video decoding method of the fourth 
embodiment will be described. FIG. 27 is a flow chart which 
shows the processing of motion compensation prediction in a 
Video decoding method relating to a sixth embodiment. In this 
motion compensation prediction processing, as is shown in 
FIG. 27, the prediction reference image is first produced by 
the prediction reference region production unit 370 (step 
S50). The prediction reference image is produced on the basis 
of a predetermined region in the reference frame that is 
required for producing the predicted image. Next, the abso 
lute value of the MVD of the processing target block is 
compared with a predetermined value, and the prediction 
reference image provided with the number of FPs corre 
sponding to the results of this comparison are produced (step 
S51). Next, a motion vector is produced by the predicted 
image production unit 376 from the MVD of the processing 
target block. Then, an image of a region specified by the 
motion vector of the processing target block is extracted by 
the predicted image production unit 376, and the image is 
output as a predicted image (step S52). The processing of 
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steps S50 through S52 is performed for all of the blocks of the 
decoding target frame, so that the decoding target frames are 
restored. 

0169. The video decoding program 390 that is used to 
cause a computer to operate as the video decoding apparatus 
350 will be described below. FIG. 28 is a diagram which 
shows the configuration of a video decoding program relating 
to a sixth embodiment. The video decoding program 390 
comprises a main module 391 that generalizes the processing, 
a decoding module 392, an inverse quantizing module 394, an 
inverse conversion module 396, a motion compensation pre 
diction module 398, and an addition module 400. The motion 
compensation prediction module 398 comprises a prediction 
reference region production Sub-module 402, an adaptive 
production Sub-module 404, and a predicted image produc 
tion sub-module 406. The prediction reference region pro 
duction sub-module 402 comprises a /2 pixel interpolation 
region production sub-module 408 and a 4 pixel interpola 
tion region production sub-module 410. 
0170 The functions that are realized in a computer by the 
decoding module 392, inverse quantizing module 394, 
inverse conversion module 396, motion compensation pre 
diction module 398, addition module 400, prediction refer 
ence region production Sub-module 402, adaptive production 
Sub-module 404, predicted image production Sub-module 
406, /2 pixel interpolation region production sub-module 
408, and 4 pixel interpolation region production sub-module 
410 are respectively the same as the decoding unit 352, 
inverse quantizing unit 354, inverse conversion unit 356, 
motion compensation prediction unit 358, addition unit 362, 
prediction reference region production unit 370, adaptive FP 
production unit 372, predicted image production unit 376, /2 
pixel interpolation region production unit 380, and 4 pixel 
interpolation region production unit 382. The video decoding 
program 390 is provided, for example, by recording media 
such as CD-ROM, DVD, ROM, or by semiconductor memo 
ries. The video decoding program 390 may be a program 
provided as computer data signals overa carrier wave through 
a network. 

0171 Thus, the video decoding apparatus 350 of the sixth 
embodiment can restore the video by faithfully performing 
the processing that is the inverse processing with respect to 
the processing of the video encoding apparatus 160. 
0172. The principles of the present invention have been 
illustrated and described in the preferred embodiments, but it 
is apparent to a person skilled in the art that the present 
invention can be modified in arrangement and detail without 
departing from Such principles. We, therefore, claim rights to 
all variations and modifications coming with the spirit and the 
Scope of claims. 

What is claimed is: 

1. A video encoding apparatus comprising motion com 
pensation prediction means for generating a predicted image 
of a coding target frame by dividing the coding target frame 
into a plurality of blocks, generating a prediction reference 
image that are formed by providing interpolated pixels which 
are produced by interpolation between integer pixels from 
integer neighborhood pixels in a predetermined region of 
reference frame, and determining a motion vector for the 
prediction reference images for each of the plurality of 
blocks, 
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the motion compensation prediction means having: 
complexity extraction means for extracting complexity 

information which indicates a degree of complexity of 
movement from the reference frame for each of the 
plurality of blocks; and 

predicted image generating means for generating the pre 
dicted image by using the prediction reference image to 
which filtering pixels are provided in accordance with 
the complexity information on the basis of a predeter 
mined rule which increases the number of the filtering 
pixels which have pixel values produced by applying a 
low-pass filter of which spectral band-pass in low fre 
quency band is narrow among a plurality of low-pass 
filters with different high-frequency cutoff characteris 
tics to neighborhood integer pixels. 

2. A video encoding method including a motion compen 
sation prediction step in which motion compensation predic 
tion means generates a predicted image of a coding target 
frame by dividing the coding target frame into a plurality of 
blocks, generating a prediction reference image that are 
formed by providing interpolated pixels which are produced 
by interpolation between integer pixels from integer neigh 
borhood pixels in a predetermined region of a reference 
frame, and determining a motion vector for the prediction 
reference image for each of the plurality of blocks, 

wherein, in the motion compensation prediction step com 
plexity extraction means extracts complexity informa 
tion which indicates a degree of complexity of move 
ment from the reference frame for each of the plurality of 
blocks, and 

predicted image generating means generates the predicted 
image by using the prediction reference image to which 
filtering pixels are provided in accordance with the com 
plexity information extracted by the complexity extrac 
tion means on the basis of a predetermined rule which 
increases the number of the filtering pixels which have 
pixel values produced by applying a low-pass filter of 
which spectral band-pass in low frequency band is nar 
row among a plurality of low-pass filters with different 
high-frequency cutoff characteristics to neighborhood 
integer pixels. 

3. The video encoding method according to claim 2, 
wherein the complexity extraction means uses an absolute 
value of a differential motion vector of a block surrounding 
the block for which the complexity information is to be 
extracted as the complexity information. 

4. The video encoding method according to claim 2 further 
comprising conversion step in which conversion means con 
verts predicted residual difference image produced by calcu 
lating a difference between the coding target frame and the 
predicted image into a set of coefficients on the basis of a 
predetermined conversion rule, 

wherein the complexity extraction means use the numbers 
of non-Zero coefficients among the coefficients in a 
block surrounding the blocks for which the complexity 
information is to be extracted as the complexity infor 
mation. 

5. The video encoding method according to claim 2, 
wherein the complexity extraction means uses an absolute 
value of a differential motion vector of the blocks for which 
complexity information is to be extracted as the complexity 
information. 

6. A video encoding program which causes a computer to 
function as motion compensation prediction means for gen 
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erating a predicted image of a coding target frame by dividing 
the coding target frame into a plurality of blocks, generating 
a prediction reference image that are formed by providing 
interpolated pixels which are produced by interpolation 
between integer pixels from integer neighborhood pixels in a 
predetermined region of a reference frame, and determining a 
motion vector for the prediction reference images for each of 
the plurality of blocks, 

the motion compensation prediction means having: 
complexity extraction means for extracting complexity 

information which indicates a degree of complexity of 
movement from the reference frame for each of the 
plurality of blocks; and 

predicted image generating means for generating the pre 
dicted image by using the prediction reference image to 
which filtering pixels are provided in accordance with 
the complexity information extracted by the complexity 
extraction means on the basis of a predetermined rule 
which increases the number of the filtering pixels which 
have pixel values produced by applying a low-pass filter 
of which spectral band-pass in low frequency band is 
narrow among a plurality of low-pass filters with differ 
ent high-frequency cutoff characteristics to neighbor 
hood integer pixels. 

7. A video decoding apparatus comprising motion com 
pensation prediction means for generating a prediction refer 
ence image that are formed by providing interpolated pixels 
which are produced by interpolation between integer pixels 
from integer neighborhood pixels in a predetermined region 
of a reference frame, and generating a predicted image by 
dividing the decoding target frame into a plurality of blocks 
and performing motion compensation based on a motion 
vector included in compression data by using the prediction 
reference image, 

the motion compensation prediction means having: 
complexity extraction means for extracting complexity 

information which indicates a degree of complexity of 
movement from the reference frame for each of the 
plurality of blocks; and 

predicted image generating means for generating the pre 
dicted image by using the prediction reference image to 
which filtering pixels are provided in accordance with 
the complexity information on the basis of a predeter 
mined rule which increases the number of the filtering 
pixels which have pixel values produced by applying a 
low-pass filter of which spectral band-pass in low fre 
quency band is narrow among a plurality of low-pass 
filters with different high-frequency cutoff characteris 
tics to neighborhood integer pixels. 

8. A video decoding method including motion compensa 
tion prediction step in which motion compensation prediction 
means generates a prediction reference image that are formed 
by providing interpolated pixels which are produced by inter 
polation between integer pixels from integer neighborhood 
pixels in a predetermined region of a reference frame, and 
generates a predicted image by dividing the decoding target 
frame into a plurality of blocks and performing motion com 
pensation based on a motion vector included in compression 
data by using the prediction reference image, 

wherein, in the motion compensation prediction step, com 
plexity extraction means extracts complexity informa 
tion which indicates a degree of complexity of move 
ment from the reference frame for each of the plurality of 
blocks, and 
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predicted image generating means generates the predicted 
image by using the prediction reference image to which 
filtering pixels are provided in accordance with the com 
plexity information extracted by the complexity extrac 
tion means on the basis of a predetermined rule which 
increases the number of the filtering pixels which have 
pixel values produced by applying a low-pass filter of 
which spectral band-pass in low frequency band is nar 
row among a plurality of low-pass filters with different 
high-frequency cutoff characteristics to neighborhood 
integer pixels. 

9. The video decoding method according to claim 8. 
wherein the complexity extraction means uses an absolute 
value of a differential motion vector of a block surrounding 
the block for which the complexity information is to be 
extracted as the complexity information. 

10. The video decoding method according to claim 8 fur 
ther including decoding step in which decoding means 
decodes compression data including compression codes 
which are generated by converting predicted residual differ 
ence image produced by calculating a difference between the 
decoding target frame and the predicted image into a set of 
coefficients on the basis of a predetermined conversion rule 
and encoding the set of coefficients, 

wherein the complexity extraction means uses the numbers 
of non-Zero coefficients among the coefficients in a 
block surrounding the blocks for which the complexity 
information is to be extracted as the complexity infor 
mation. 

11. The video decoding method according to claim 8, 
wherein the complexity extraction means uses an absolute 
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value of a differential motion vector of the blocks for which 
complexity information is to be extracted as the complexity 
information. 

12. The video decoding program which causes a computer 
to function as motion compensation prediction means for 
generating a prediction reference image that are formed by 
providing interpolated pixels which are produced by interpo 
lation between integer pixels from integer neighborhood pix 
els in a predetermined region of a reference frame, and gen 
erating a predicted image by dividing the decoding target 
frame into a plurality of blocks and performing motion com 
pensation based on a motion vector included in compression 
data by using the prediction reference image, 

the motion compensation prediction means having: 
complexity extraction means for extracting complexity 

information which indicates a degree of complexity of 
movement from the reference frame for each of the 
plurality of blocks; and 

predicted image generating means for generating the pre 
dicted image by using the prediction reference image to 
which filtering pixels are provided in accordance with 
the complexity information extracted by the complexity 
extraction means on the basis of a predetermined rule 
which increases the number of the filtering pixels which 
have pixel values produced by applying a low-pass filter 
of which spectral band-pass in low frequency band is 
narrow among a plurality of low-pass filters with differ 
ent high-frequency cutoff characteristics to neighbor 
hood integer pixels. 

c c c c c 


