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An image decoding apparatus has a video data decoder for
receiving and decoding encoded video data to acquire a
plurality of reconstructed images; a subsidiary data decoder
for receiving and decoding subsidiary data to acquire sub-
sidiary motion information; and a resolution enhancer for
generating motion vectors representing time-space corre-
spondences between the plurality of reconstructed images,
based on the subsidiary motion information acquired by the
subsidiary data decoder, and for generating a high-resolution
image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
motion vectors and the plurality of reconstructed images
acquired by the video data decoder.
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IMAGE DECODING APPARATUS, IMAGE
DECODING PROGRAM, IMAGE DECODING
METHOD, IMAGE ENCODING APPARATUS,
IMAGE ENCODING PROGRAM, AND IMAGE

ENCODING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to image decoding
apparatus, image decoding program, image decoding
method, image encoding apparatus, image encoding pro-
gram, and image encoding method.

[0003] 2. Related Background Art

[0004] A well-known technology is a super resolution
technique (the term “super resolution” will be referred to
hereinafter as SR) of generating a high-resolution image (the
term “high resolution” will be referred to hereinafter as HR)
from a plurality of low-resolution images (the term “low
resolution” will be referred to hereinafter as LR) recon-
structed through decoding of encoded video data (e.g., “C.
A. Segall et al., “High-Resolution Images from Low-Reso-
Iution Compressed Video,” IEEE Signal Processing Maga-
zine, May 2003, pp. 37-48,” which will be referred to
hereinafter as “Non-patent Document 17).

[0005] The SR technique permits us to generate an HR
image from a plurality of LR images by modeling relations
between a plurality of LR images and one HR image and
statistically processing known information and estimated
information. FIG. 1 shows a model between LR images and
an HR image. This model assumes that original LR images
104 of multiple frames (L. frames) are generated from an
original HR image 101. In this assumption, motion models
201-1, 201-2, . . ., 201-L are applied to the original HR
image 101 to generate the original LR images 104-1, 104-2,

., 104-L.. On this occasion, a sampling process is
performed on the HR image using sampling model 202
based on low-pass filtering and down-sampling to generate
the original LR images 104-1, 104-2, . . . , 104-L. Assuming
that quantization noises 103-1, 103-2, . . . , 103-L represent
differences between reconstructed LR images 102-1, 102-2,
. .., 102-L, generated through decoding of encoded video
data, and the original LR images 104-1, 104-2, . . ., 104-L,
the relationship between the original HR image f k(x,z) of
frame k, where 1=x=2M and 1=z=2N, and the recon-
structed LR image y_l(m,n) of frame 1, where 1=m=M and
1=n=N can be modeled by Eq. 1 below.

y_I=AHC(d_lxf_k+e_1 (Eq. 1)

In this equation, 1 represents an integer from 1 to L, C(d_lk)
a matrix of a motion model between HR images of frame k
and frame 1, AH a matrix of a sampling model (where H
indicates a 4MNx4MN matrix representing a filtering pro-
cess of HR image and A an MNx4MN down-sampling
matrix), and e_l the quantization noise of the reconstructed
LR image of frame 1.

[0006] In this manner, a certain reconstructed LR image
generated from encoded video data and an HR image can be
modeled by the motion model indicating the time-space
correspondence between the LR and HR images, and the
signal model of noise generated in the process of degrada-
tion from HR image to LR image. Therefore, an HR image
can be generated from a plurality of reconstructed LR
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images by defining a cost function to evaluate estimates of
the motion model and signal model by statistical means and
by solving a nonlinear optimization process. Solutions to be
obtained in this optimization process are motion information
(SR motion information) representing a time-space corre-
spondence between LR and HR images for each of the
plurality of LR images, and the HR image.

[0007] One of methods of the optimization process is, for
example, the coordinate-descent method (“H. He, and L. P.
Kondi, “MAP Based Resolution Enhancement of Video
Sequences Using a Huber-Markov Random Field Image
Prior Model,” Proc. of IEEE International Conference on
Image Processing Vol. II, (Spain), September 2003, pp.
933-936,” which will be referred to hereinafter as “Non-
patent Document 27). In this method, first, a virtual HR
image (a provisional HR image in the optimization using
iterations) is generated by interpolation from a reconstructed
LR image. While the HR image is not changed, motion
information representing time-space correspondences
between the virtual HR image and a plurality of LR images
is then determined by use of the cost function. Next, while
the motion information thus determined is not changed, the
virtual HR image is updated by use of the cost function.
Furthermore, while the virtual HR image is not changed, the
motion information is updated. This process is iterated
before convergence is reached to a solution.

SUMMARY OF THE INVENTION

[0008] In the conventional super resolution technology, it
is difficult to accurately perform the motion detection
between the LR images and HR image because of influence
of coding noise and sampling blur of the LR images,
uncertainty of the assumption model, etc. in the resolution
enhancement process of generating the HR image from a
plurality of images. In addition, the resolution enhancement
process requires enormous computational complexity for the
motion detection between images and for the optimization
process.

[0009] The present invention has been accomplished in
order to solve the above problem and an object of the
invention is to provide image decoding apparatus, image
decoding program, image decoding method, image encoding
apparatus, image encoding program, and image encoding
method capable of improving the accuracy of the motion
detection between images, while reducing the computational
complexity for the image resolution enhancement process.

[0010] An image decoding apparatus according to the
present invention is an image decoding apparatus compris-
ing: video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; subsidiary data decoding means for receiving and
decoding subsidiary data to acquire subsidiary motion infor-
mation; and resolution enhancing means for generating
motion vectors representing time-space correspondences
between the plurality of reconstructed images, based on the
subsidiary motion information acquired by the subsidiary
data decoding means, and for generating a high-resolution
image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
motion vectors and the plurality of reconstructed images
acquired by the video data decoding means.

[0011] The foregoing image decoding apparatus generates
the motion vectors on the basis of the subsidiary motion
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information and generates the high-resolution image with
the spatial resolution higher than that of the plurality of
reconstructed images, using the generated motion vectors
and the plurality of reconstructed images.

[0012] The above image decoding apparatus preferably
adopts one of the following modes. Specifically, the image
decoding apparatus is preferably constructed in a configu-
ration wherein the subsidiary motion information contains
subsidiary motion vectors and wherein the resolution
enhancing means uses the subsidiary motion vectors as the
motion vectors.

[0013] The image decoding apparatus is preferably con-
structed in another configuration wherein the subsidiary
motion information contains subsidiary motion vectors and
wherein the resolution enhancing means detects intermedi-
ate motion vectors, using the plurality of reconstructed
images, and generates the motion vectors by addition of the
intermediate motion vectors and the subsidiary motion vec-
tors.

[0014] The image decoding apparatus is preferably con-
structed in another configuration wherein the subsidiary
motion information contains subsidiary motion vectors and
wherein the resolution enhancing means defines the subsid-
iary motion vectors as initial motion vectors of the motion
vectors, and updates the initial motion vectors by use of the
plurality of reconstructed images to generate the motion
vectors.

[0015] Furthermore, the image decoding apparatus is pref-
erably constructed in another configuration wherein the
subsidiary motion information contains a motion vector
generation condition as a necessary condition for generation
of the motion vectors and wherein the resolution enhancing
means generates the motion vectors based on the plurality of
reconstructed images on the basis of the motion vector
generation condition.

[0016] An image encoding apparatus according to the
present invention is an image encoding apparatus compris-
ing: image sampling means for converting a high-resolution
image into low-resolution images; video data encoding
means for encoding the plurality of low-resolution images
generated by the image sampling means, to generate
encoded video data; video data decoding means for decod-
ing the encoded video data generated by the video data
encoding means, to acquire reconstructed low-resolution
images; subsidiary motion information generating means for
generating subsidiary motion information necessary for gen-
eration of motion vectors, using the high-resolution image or
the low-resolution images; resolution enhancing means for
generating the motion vectors representing time-space cor-
respondences between the plurality of reconstructed low-
resolution images acquired by the video data decoding
means, based on the subsidiary motion information gener-
ated by the subsidiary motion information generating means,
and for generating a reconstructed high-resolution image,
using the generated motion vectors and the plurality of
reconstructed low-resolution images; and subsidiary data
encoding means for encoding the subsidiary motion infor-
mation generated by the subsidiary motion information
generating means, as subsidiary data.

[0017] The foregoing image encoding apparatus generates
the subsidiary motion information necessary for generation
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of the motion vectors, using the high-resolution image or
low-resolution images, generates the motion vectors on the
basis of the generated subsidiary motion. information, gen-
erates the reconstructed high-resolution image by use of the
generated motion vectors and the plurality of reconstructed
low-resolution images, and encodes the subsidiary motion
information as subsidiary data.

[0018] Another image decoding apparatus according to
the present invention is an image decoding apparatus com-
prising: coded data decoding means for receiving and
entropy-decoding coded data to acquire a motion vector
generation condition as a necessary condition for generation
of motion vectors, and coding information indicating pre-
diction error image signals; an image memory for storing
decoded image signals; motion vector generating means for
generating the motion vectors based on the decoded image
signals stored in the image memory, on the basis of the
motion vector generation condition acquired by the coded
data decoding means; predicted image signal generating
means for generating predicted image signals, using the
decoded image signals and the motion vectors generated by
the motion vector generating means; decoding means for
decoding the coding information acquired by the coded data
decoding means, to acquire the prediction error image
signals; and storing means for adding the predicted image
signals generated by the predicted image signal generating
means, to the prediction error image signals acquired by the
decoding means, to reconstruct the decoded image signals,
and for storing the decoded image signals into the image
memory.

[0019] The foregoing image decoding apparatus generates
the motion vectors based on the decoded image signals
stored in the image memory, on the basis of the motion
vector generation condition as the necessary condition for
generation of the motion vectors, and generates the predicted
image signals by use of the generated motion vectors and the
decoded image signals. On the other hand, the apparatus
decodes the coding information indicating the prediction
error image signals, to acquire the prediction error image
signals, thereafter adds the prediction error image signals to
the generated predicted image signals to reconstruct the
decoded image signals, and stores the decoded image signals
into the image memory.

[0020] Another image encoding apparatus according to
the present invention is an image encoding apparatus com-
prising: inputting means for inputting input image signals;
an image memory for storing decoded image signals; motion
vector generation condition determining means for deter-
mining a motion vector generation condition as a necessary
condition for generation of motion vectors, based on the
input image signals inputted by the inputting means; motion
vector generating means for generating the motion vectors
based on the decoded image signals stored in the image
memory, on the basis of the motion vector generation
condition determined by the motion vector generation con-
dition determining means; predicted image signal generating
means for generating predicted image signals, using the
motion vectors generated by the motion vector generating
means and the decoded image signals; prediction error
image signal generating means for generating prediction
error image signals based on the input image signals input-
ted by the inputting means and the predicted image signals
generated by the predicted image signal generating means;
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coding information acquiring means for encoding the pre-
diction error image signals generated by the prediction error
image signal generating means, to acquire coding informa-
tion; local decoding means for decoding the coding infor-
mation acquired by the coding information acquiring means,
to acquire decoded prediction error image signals; storing
means for restoring the decoded image signals based on the
predicted image signals generated by the predicted image
signal generating means and the decoded prediction error
image signals acquired by the local decoding means, and for
storing the decoded image signals into the image memory;
and coded data generating means for entropy-encoding the
motion vector generation condition determined by the
motion vector generation condition determining means and
the coding information acquired by the coding information
acquiring means, to generate coded data.

[0021] The forging image encoding apparatus determines
the motion vector generation condition as the necessary
condition for generation of the motion vectors, based on the
input image signals, generates the motion vectors based on
the decoded image signals stored in the image memory, on
the basis of the motion vector generation condition thus
determined, and generates the predicted image signals, using
the generated motion vectors and the decoded image signals.
On the other hand, the apparatus generates the prediction
error image signals based on the input image signals and the
predicted image signals generated, encodes the prediction
error image signals thus generated, to acquire the coding
information, and decodes the resultant coding information to
obtain the decoded prediction error image signals. Then the
apparatus reconstructs the decoded image signals based on
the predicted image signals generated and the decoded
prediction error image signals obtained, stores the decoded
image signals into the image memory, and entropy-encodes
the motion vector generation condition and the coding
information to generate the coded data.

[0022] The image decoding apparatus according. to the
present invention can adopt the following modes.

[0023] An image decoding apparatus according to the
present invention can adopt a configuration comprising:
video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; subsidiary data decoding means for receiving and
decoding subsidiary data to acquire subsidiary motion infor-
mation; and resolution enhancing means for generating
motion vectors representing time-space correspondences
between the plurality of reconstructed images acquired by
the video data decoding means and a high-resolution image,
and for generating the high-resolution image with a spatial
resolution higher than that of the plurality of reconstructed
images, using the generated motion vectors and the plurality
of reconstructed images, wherein the resolution enhancing
means iteratively carries out a motion vector generating
process of generating the motion vectors on the basis of the
subsidiary motion information acquired by the subsidiary
data decoding means and a previously generated high-
resolution image, and a high-resolution image generating
process of generating a high-resolution image based on the
generated motion vectors and the plurality of reconstructed
images.

[0024] The above apparatus may adopt a configuration
wherein the resolution enhancing means carries out the
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motion vector generating process based on the subsidiary
motion information in each of iterations of the motion vector
generating process and the high-resolution image generating
process, or may adopt a configuration wherein the subsidiary
motion information contains specific cycle information rep-
resenting a specific cycle in iterations of the motion vector
generating process and the high-resolution image generating
process and wherein the resolution enhancing means carries
out the motion vector generating process based on the
subsidiary motion information, in the motion vector gener-
ating process in the specific cycle represented by the specific
cycle information.

[0025] An image decoding apparatus according to the
present invention can adopt a configuration comprising:
video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; an image memory for storing a high-resolution
image resulting from resolution enhancement; resolution
enhancing means for generating motion vectors representing
time-space correspondences between the plurality of recon-
structed images, for generating a first high-resolution image
with a spatial resolution higher than that of the plurality of
reconstructed images, using the generated motion vectors
and the plurality of reconstructed images acquired by the
video data decoding means, and for generating a second
high-resolution image, using the generated first high-reso-
Iution image and the high-resolution image stored in the
image memory; and image storing means for storing the first
or second high-resolution image generated by the resolution
enhancing means, into the image memory.

[0026] Another image decoding apparatus according to
the present invention can adopt a configuration comprising:
video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; subsidiary data decoding means for receiving and
decoding subsidiary data to acquire subsidiary motion infor-
mation; an image memory for storing a high-resolution
image resulting from resolution enhancement; resolution
enhancing means for generating motion vectors representing
time-space correspondences between the plurality of recon-
structed images, for generating a first high-resolution image
with a spatial resolution higher than that of the plurality of
reconstructed images, using the generated motion vectors
and the plurality of reconstructed images acquired by the
video data decoding means, and for generating a second
high-resolution image by use of the generated first high-
resolution image and the high-resolution image stored in the
image memory, based on the subsidiary motion information
acquired by the subsidiary data decoding means; and image
storing means for storing the first or second high-resolution
image generated by the resolution enhancing means, into the
image memory.

[0027] Another image decoding apparatus according to
the present invention can adopt a configuration comprising:
video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images and reconstructed motion vectors; subsidiary data
decoding means for receiving and decoding subsidiary data
to acquire subsidiary motion information necessary for
modification of the reconstructed motion vectors; and reso-
Iution enhancing means for generating motion vectors rep-
resenting time-space correspondences between the plurality
of reconstructed images and for generating a high-resolution
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image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
motion vectors and the plurality of reconstructed images
acquired by the video data decoding means, wherein the
resolution enhancing means defines reconstructed motion
vectors modified based on the subsidiary motion informa-
tion acquired by the subsidiary data decoding means, as
initial motion vectors of the motion vectors, and updates the
initial motion vectors by use of the plurality of reconstructed
images to generate the motion vectors.

[0028] The present invention can be described as the
invention of the image decoding apparatus and image encod-
ing apparatus as described above, and can also be described
as the invention of the image decoding method, image
decoding program, image encoding method, and image
encoding program as described below. These are different
only in embodied forms and product forms, while achieving
the same action and effect.

[0029] An image decoding method according to the
present invention is an image decoding method comprising:
a video data decoding step of receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; a subsidiary data decoding step of receiving and
decoding subsidiary data to acquire subsidiary motion infor-
mation; and a resolution enhancing step of generating
motion vectors representing time-space correspondences
between the plurality of reconstructed images, based on the
subsidiary motion information acquired in the subsidiary
data decoding step, and generating a high-resolution image
with a spatial resolution higher than that of the plurality of
reconstructed images, using the generated motion vectors
and the plurality of reconstructed images acquired in the
video data decoding step.

[0030] An image encoding method according to the
present invention is an image encoding method comprising:
an image sampling step of converting a high-resolution
image into low-resolution images; a video data encoding
step of encoding the plurality of low-resolution images
generated in the image sampling step, to generate encoded
video data; a video data decoding step of decoding the
encoded video data generated in the video data encoding
step, to acquire reconstructed low-resolution images; a sub-
sidiary motion information generating step of generating
subsidiary motion information necessary for generation of
motion vectors, using the high-resolution image or the
low-resolution images; a resolution enhancing step of gen-
erating the motion vectors representing time-space corre-
spondences between the plurality of reconstructed low-
resolution images acquired in the video data decoding step,
based on the subsidiary motion information generated in the
subsidiary motion information generating step, and gener-
ating a reconstructed high-resolution image, using the gen-
erated motion vectors and the plurality of reconstructed
low-resolution images; and a subsidiary data encoding step
of encoding the subsidiary motion information generated in
the subsidiary motion information generating step, as sub-
sidiary data.

[0031] Another image decoding method according to the
present invention is an image decoding method comprising:
a coded data decoding step of receiving and entropy-decod-
ing coded data to acquire a motion vector generation con-
dition as a necessary condition for generation of motion
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vectors, and to acquire coding information indicating pre-
diction error image signals; a motion vector generating step
of generating the motion vectors based on decoded image
signals stored in an image memory, on the basis of the
motion vector generation condition acquired in the coded
data decoding step; a predicted image signal generating step
of generating predicted image signals, using the motion
vectors generated in the motion vector generating step and
the decoded image signals; a decoding step of decoding the
coding information acquired in the coded data decoding
step, to acquire the prediction error image signals; and a
storing step of adding the predicted image signals generated
in the predicted image signal generating step, to the predic-
tion error image signals acquired in the decoding step, to
reconstruct the decoded image signals, and storing the
decoded image signals into the image memory.

[0032] Another image encoding method according to the
present invention is an image encoding method comprising:
an inputting step of inputting input image signals; a motion
vector generation condition determining step of determining
a motion vector generation condition as a necessary condi-
tion for generation of motion vectors, based on the input
image signals inputted in the inputting step; a motion vector
generating step of generating the motion vectors based on
decoded image signals stored in an image memory, on the
basis of the motion vector generation condition determined
in the motion vector generation condition determining step;
a predicted image signal generating step of generating
predicted image signals, using the motion vectors generated
in the motion vector generating step and the decoded image
signals; a prediction error image signal generating step of
generating prediction error image signals based on the input
image signals inputted in the inputting step and the predicted
image signals generated in the predicted image signal gen-
erating step; a coding information acquiring step of encod-
ing the prediction error image signals generated in the
prediction error image signal generating step, to acquire
coding information; a local decoding step of decoding the
coding information acquired in the coding information
acquiring step, to acquire decoded prediction error image
signals; a storing step of restoring the decoded image signals
based on the predicted image signals generated in the
predicted image signal generating step and the decoded
prediction error image signals acquired in the local decoding
step, and storing the decoded image signals into the image
memory; and a coded data generating step of entropy-
encoding the motion vector generation condition determined
in the motion vector generation condition determining step
and the coding information acquired in the coding informa-
tion acquiring step, to generate coded data.

[0033] An image decoding program according to the
present invention is an image decoding program for letting
a computer in an image decoding apparatus function as:
video data decoding means for receiving and decoding
encoded video data to acquire a plurality of reconstructed
images; subsidiary data decoding means for receiving and
decoding subsidiary data to acquire subsidiary motion infor-
mation; and resolution enhancing means for generating
motion vectors representing time-space correspondences
between the plurality of reconstructed images, based on the
subsidiary motion information acquired by the subsidiary
data decoding means, and for generating a high-resolution
image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
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motion vectors and the plurality of reconstructed images
acquired by the video data decoding means.

[0034] An image encoding program according to the
present invention is an image encoding program for letting
a computer in an image encoding apparatus function as:
image sampling means for converting a high-resolution
image into low-resolution images; video data encoding
means for encoding the plurality of low-resolution images
generated by the image sampling means, to generate
encoded video data; video data decoding means for decod-
ing the encoded video data generated by the video data
encoding means, to acquire reconstructed low-resolution
images; subsidiary motion information generating means for
generating subsidiary motion information necessary for gen-
eration of motion vectors, using the high-resolution image or
the low-resolution images; resolution enhancing means for
generating the motion vectors representing time-space cor-
respondences between the plurality of reconstructed low-
resolution images acquired by the video data decoding
means, based on the subsidiary motion information gener-
ated by the subsidiary motion information generating means,
and for generating a reconstructed high-resolution image,
using the generated motion vectors and the plurality of
reconstructed low-resolution images; and subsidiary data
encoding means for encoding the subsidiary motion infor-
mation generated by the subsidiary motion information
generating means, as subsidiary data.

[0035] Another image decoding program according to the
present invention is an image decoding program for letting
a computer in an image decoding apparatus function as:
coded data decoding means for receiving and entropy-
decoding coded data to acquire a motion vector generation
condition as a necessary condition for generation of motion
vectors, and coding information indicating prediction error
image signals; an image memory for storing decoded image
signals; motion vector generating means for generating the
motion vectors based on the decoded image signals stored in
the image memory, on the basis of the motion vector
generation condition acquired by the coded data decoding
means; predicted image signal generating means for gener-
ating predicted image signals, using the motion vectors
generated by the motion vector generating means and the
decoded image signals; decoding means for decoding the
coding information acquired by the coded data decoding
means, to acquire the prediction error image signals; and
storing means for adding the predicted image signals gen-
erated by the predicted image signal generating means, to
the prediction error image signals acquired by the decoding
means, to reconstruct the decoded image signals, and for
storing the decoded image signals into the image memory.

[0036] Another image encoding program according to the
present invention is an image encoding program for letting
a computer in an image encoding apparatus function as:
inputting means for inputting input image signals; an image
memory for storing decoded image signals; motion vector
generation condition determining means for determining a
motion vector generation condition as a necessary condition
for generation of motion vectors, based on the input image
signals inputted by the inputting means; motion vector
generating means for generating the motion vectors based on
the decoded image signals stored in the image memory, on
the basis of the motion vector generation condition deter-
mined by the motion vector generation condition determin-
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ing means; predicted image signal generating means for
generating predicted image signals, using the motion vectors
generated by the motion vector generating means and the
decoded image signals; prediction error image signal gen-
erating means for generating prediction error image signals
based on the input image signals inputted by the inputting
means and the predicted image signals generated by the
predicted image signal generating means; coding informa-
tion acquiring means for encoding the prediction error image
signals generated by the prediction error image signal gen-
erating means, to acquire coding information; local decod-
ing means for decoding the coding information acquired by
the coding information acquiring means, to acquire decoded
prediction error image signals; storing means for restoring
the decoded image signals based on the predicted image
signals generated by the predicted image signal generating
means and the decoded prediction error image signals
acquired by the local decoding means, and for storing the
decoded image signals into the image memory; and coded
data generating means for entropy-encoding the motion
vector generation condition determined by the motion vector
generation condition determining means and the coding
information acquired by the coding information acquiring
means, to generate coded data.

[0037] The present invention described above improves
the accuracy of the motion detection between images and
improves the image quality of the reconstructed high-reso-
Iution image. Since the processing load of the motion search
is reduced, the computational complexity is reduced for the
image resolution enhancement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is an illustration showing the relationship
between a plurality of reconstructed low-resolution images
and a high-resolution image.

[0039] FIG. 2 is an illustration to illustrate types of motion
information associated with subsidiary data of the present
invention.

[0040] FIG. 3 is an illustration to illustrate an overall
configuration of an encoding apparatus according to the
present invention.

[0041] FIG. 4 is an illustration to illustrate a configuration
of an encoding process according to the present invention.

[0042] FIG. 5 is an illustration to illustrate a resolution
enhancement process using the encoding process according
to the present invention.

[0043] FIG. 6 is an illustration to illustrate an overall
configuration of a decoding apparatus according to the
present invention.

[0044] FIG. 7 is an illustration to illustrate a resolution
enhancement process using a decoding process according to
the present invention.

[0045] FIG. 8 is an illustration to show a data configura-
tion of subsidiary data according to the present invention.

[0046] FIG. 9 is an illustration to illustrate an encoding
process flow according to the present invention.

[0047] FIG. 10 is an illustration to illustrate a resolution
enhancement process flow using subsidiary data according
to the present invention.

28



US 2006/0126952 Al

[0048] FIG. 11 is an illustration to illustrate a decoding
process flow according to the present invention.

[0049] FIG. 12 is an illustration to illustrate a data storage
medium for storing a program for implementing an image
encoding process or image decoding process according to an
embodiment of the present invention by a computer system.

[0050] FIG. 13 is an illustration to illustrate another
example of a configuration of an encoding process according
to the present invention.

[0051] FIG. 14 is an illustration to illustrate another
example of the resolution enhancement process using an
encoding process according to the present invention.

[0052] FIG. 15 is an illustration to illustrate another
example of the resolution enhancement process using a
decoding process according to the present invention.

[0053] FIG. 16 is an illustration to illustrate a block
matching method.

[0054] FIG. 17 is an illustration to illustrate a motion
search in a decoding process.

[0055] FIG. 18 is an illustration to illustrate a configura-
tion of a video encoding process using an encoding process
according to the present invention.

[0056] FIG. 19 is an illustration to illustrate a configura-
tion of a video decoding process using a decoding process
according to the present invention.

[0057] FIG. 20 is an illustration to illustrate a configura-
tion of encoded video data.

[0058] FIG. 21 is an illustration to illustrate another
example of the encoding process flow according to the
present invention.

[0059] FIG. 22 is an illustration to illustrate another
example of the decoding process flow according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0060] Embodiments of the present invention will be
described with reference to FIGS. 2 to 12.

[0061] FIG. 2 is an illustration to illustrate motion vectors,
among data contained in some kinds of motion information.
FIGS. 3 to 5 are illustrations to illustrate configurations of an
encoding apparatus according to the present invention, and
FIGS. 6 and 7 illustrations to illustrate configurations of a
decoding apparatus according to the present invention. FIG.
8 is an illustration to illustrate a data format configuration of
subsidiary data in the present invention. FIGS. 9 to 11 are
illustrations to illustrate a processing flow of encoding, a
processing flow of super-resolution image generation, and a
processing flow of decoding, respectively. FIG. 12 is an
illustration to illustrate a data storage medium storing a
program for implementing an image encoding process or
image decoding process by a computer system.

[0062] The subsidiary data in the present invention has
subsidiary motion information, and, as described later, the
subsidiary motion information includes low-resolution
motion information (LR motion information), modified
super-resolution motion information (modified SR motion
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information), and high-resolution motion information (HR
motion information). The term “low resolution” will be
abbreviated to LR, “high resolution” to HR, and “super
resolution” to SR as occasion may demand. An image with
a resolution higher than that of a “low-resolution image (LR
image)” will be described as a “high-resolution image (HR
image).”

[0063] First, an encoding apparatus 10 according to an
embodiment of the present invention will be described.

[0064] FIG. 3 shows the overall configuration of the
encoding apparatus 10 according to an embodiment of the
present invention. The encoding apparatus 10 has image
sampler 302, block divider 303, encoding processor 304,
decoding processor 305, data memory 308, frame memory
307, data memory 309, and resolution conversion-encoding
part 306.

[0065] The image sampler 302 having a low-pass filter and
a down-sampling processor converts original HR image 101
into original LR image 104 with a resolution lower than that
of the original HR image. The block divider 303 divides the
converted original LR image 104 into coding blocks and, for
example, the coding blocks are inputted into the encoding
processor 304 in the raster scan order from upper left to
lower right of the image. The encoding processor 304
performs motion picture coding of each input block to
compress it into encoded video data 120. The encoding
processor 304 outputs the encoded video data 120 to the
decoding processor 305. The decoding processor 305
decodes the encoded video data 120 to generate recon-
structed LR image 102 and decoded motion information
(hereinafter referred to as “DEC motion information™) 108.
Since the encoding processor 304 internally has a local
decoding processor, the local decoding processor in the
encoding processor 304 can be used as a substitute for the
decoding processor 305.

[0066] The encoding processor 304 and the decoding
processor 305 output the reconstructed LR image 102,
motion information (DEC motion information) 108, and
quantization parameter 114 generated thereby, to frame
memory 307, to data memory 308, and to data memory 309,
respectively. The frame memory 307, data memory 308, and
data memory 309 store the reconstructed LR image 102,
DEC motion information 108, and quantization parameter
114, respectively, and output them to the resolution conver-
sion-encoding part 306. The details of the block division,
coding process, and (local) decoding process are described,
for example, in “MPEG-4 Video Verification Model version
18.0,” Output document of MPEG Pisa Meeting, January
2001 (hereinafter referred to as Reference Document 1).

[0067] The DEC motion information 108 consists of a
prediction type and a motion vector (the motion vector in.
the DEC motion information will be referred to hereinafter
as “DECMV”), is determined for each coding block, and is
then coded.

[0068] The prediction type and DECMV in the DEC
motion information will be described using FIG. 2(a). The
prediction types are classified in an inter mode in which a
motion prediction is carried out using a motion vector, and
an intra mode in which a spatial prediction is carried out
using coded pixels in a current frame without use of a
motion vector. Furthermore, the inter mode includes: a
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forward motion prediction to perform a temporal prediction
using an LR image 920a of a coded frame in the past in
terms of a display time with respect to an LR image 910 of
the current frame as a reference image; a backward motion
prediction to perform a temporal prediction using an LR
image 9205 of a coded frame in the future in terms of a
display time with respect to an LR image 910 of the current
frame as a reference image; and a bidirectional prediction to
perform temporal predictions using the both images as
respective reference images and to synthesize a predicted
image by interpolation. In FIG. 2(a), 922a indicates a
predicted block in the forward prediction, 921a a forward
DECMYV, 9225 a predicted block in the backward prediction,
9215 a backward DECMYV, 9244 and 92454 predicted blocks
before interpolation in the bidirectional prediction, and 9234
and 9235 a forward DECMV and a backward DECMV in
the bidirectional prediction.

[0069] The resolution conversion-encoding part 306 will
be described using FIGS. 4 and 5. The resolution conver-
sion-encoding part 306 has resolution enhancement proces-
sor 310, subsidiary data generator 351, subsidiary data
encoding-rate controller 311, and frame memory 315. The
subsidiary data generator 351 has low-resolution motion
compensator 312, super-resolution motion compensator
313, and high-resolution motion compensator 314. The
low-resolution motion compensator 312 generates LR
motion information 109 (described later) as subsidiary data,
the super-resolution motion compensator 313 generates
modified SR motion information 111 (described later) as
subsidiary data, and the high-resolution motion compensator
314 generates HR motion information 112 (described later)
as subsidiary data.

[0070] The resolution conversion-encoding part 306 per-
forms a local resolution enhancement process using input
data of a plurality of reconstructed LR images, DEC motion
information (including DECMV), and quantization param-
eters generated by the encoding processor 304 and the
decoding processor 305. In the resolution conversion-en-
coding part 306, the resolution enhancement processor 310
generates reconstructed HR image 106 by the local resolu-
tion enhancement process, and the original HR image 101
and original LR image 104 are inputted thereto from the
outside. Using these images and information, the resolution
conversion-encoding part 306 generates subsidiary data to
assist the resolution enhancement process, and the subsid-
iary data encoding-rate controller 311 carries out a coding
process of the subsidiary data (i.e., generation of subsidiary
data 113).

[0071] In the present embodiment, the subsidiary data 113
is generated using the reconstructed HR image 106, SR
motion information (super resolution motion information)
110, quantization parameter 114, original HR image 101,
and original LR image 104. The super resolution motion
information refers to motion information representing time-
space correspondences between the reconstructed HR image
and a plurality of LR images.

[0072] The internal configuration of resolution conver-
sion-encoding part 306 will be described with reference to
FIG. 4. The processing of the resolution conversion-encod-
ing part 306 is carried out using information about a total of
seven frames consisting of a frame on which the resolution
enhancement is performed, and three frames each before and
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after its display time. Namely, the resolution enhancement
process is executed after decoding of a frame located three
frames ahead.

[0073] The resolution enhancement process and the sub-
sidiary data coding process in the encoding apparatus 10
according to the embodiment of the present invention can be
separated into seven steps. The operation will be described
below according to its processing order.

[0074] In the first step, the low-resolution motion com-
pensator 312 modifies the DEC motion information 108 into
high-accuracy LR motion information 109, using the origi-
nal LR image 104. The LR motion information consists of
block location information on an LR image and a subsidiary
motion vector (the motion vector in the LR motion infor-
mation will be referred to hereinafter as an “LRMV”). The
low-resolution motion compensator 312 receives input of a
total of three reconstructed LR images 102 consisting of a
reconstructed LR image on which the resolution enhance-
ment is performed, and reconstructed LR images both before
and after it (reference images for motion prediction in video
coding), three original LR images 104 corresponding to
three reconstructed LR images 102, and DEC motion infor-
mation 108 and outputs the LR motion information 109 to
the subsidiary data encoding-rate controller 311 and to the
resolution enhancement processor 310.

[0075] The LR motion information will be described using
FIG. 2(b). The LR motion information is classified under a
type of newly adding a subsidiary motion vector (LRMV) to
a block without a DECMYV, and a type of handling a block
with a DECMV and changing its value into a subsidiary
motion vector (LRMV) which differs from DECMV.

[0076] In the type of adding an LRMYV, a motion search is
performed on a block 9154 without a DECMV between an
original LR image 910 being a frame on which the resolution
enhancement is performed and a reconstructed LR image
920a being a reference image of a previous frame. Then a
motion vector to minimize an evaluated value (e.g., the sum
of squared errors of pixels in a block) is detected as an
LRMYV. In FIG. 2(b), block 9264 on the reconstructed LR
image 920a of the previous frame provides the minimum
evaluated value and a corresponding motion vector LRMV
9254 is detected. If the minimum evaluated value is larger
than a preset threshold, it is determined that the motion
vector of the block is not valid, and the addition of LR
motion information is not conducted. If the minimum evalu-
ated value is smaller than the threshold, the. LR motion
information 109 with the detected motion vector as an
LRMYV is outputted to the subsidiary data encoding-rate
controller 311 and to the resolution enhancement processor
310.

[0077] On the other hand, in the type of change into an
LRMY, a motion search is performed on block 9155 with a
DECMYV between the original LR image 910 being the
frame on which the resolution enhancement is performed
and an original LR image 9205 which is an original version
of the reference image. Then a motion vector to minimize
the evaluated value (e.g., the sum of squared errors of pixels
in a block) is detected. In FIG. 2(b), block 9265 on the LR
image 92056 of a subsequent frame provides the minimum
evaluated value and a corresponding motion vector 9255 is
detected. This motion vector is compared with the DECMYV,
and when the difference between them is larger than a preset
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threshold, the LR motion information 109 with the detected
motion vector as an LRMV is outputted to the subsidiary
data encoding-rate controller 311 and to the resolution
enhancement processor 310.

[0078] As described hereinafter, the DECMV is used as
initial data of motion information (SR motion information)
indicating the time-space correspondences between a plu-
rality of LR images and an HR image detected by the SR
technology. The closer this initial data to an actual motion,
the more the time for the detection of SR motion information
can be reduced. Therefore, an operation time for the reso-
Iution enhancement process can be reduced by using the
low-resolution motion information generated by the modi-
fication of the decoded motion information.

[0079] In the second step, the resolution enhancement
processor 310 carries out a process of generating recon-
structed HR image 106 and SR motion information 110. The
resolution enhancement processor 310 inputs a total of seven
reconstructed LR images consisting of a reconstructed LR
image 102 on which the resolution enhancement is per-
formed and three reconstructed LR images 102 (reference
reconstructed LR images) each before and after it, DEC
motion information 108 used for encoding of them, and LR
motion information 109 to generate reconstructed HR image
106 and SR motion information 110.

[0080] FIG. 5 shows the internal configuration of the
resolution enhancement processor 310. First, initial data
generator 405 generates initial data for the resolution
enhancement process. Specifically, the initial data generator
405 inputs the DEC motion information 108 and LR motion
information 109 and calculates the initial data for motion
vectors in SR motion information 110 to be detected by the
resolution enhancement processor 310.

[0081] The SR motion information will be described
below. The SR motion information consists of a frame
number of a reconstructed LR image and motion vectors (a
motion vector in the SR motion information will be referred
to hereinafter as an “SRMV™). As described in the Back-
ground Art, in order to carry out the resolution enhancement
process using the SR technology, it is necessary to detect the
motion vector (SRMV), using the reconstructed HR image
as a reference image, for each pixel on the six reference
reconstructed LR images. One pixel on an original LR image
can be generated by performing low-pass filtering and
down-sampling on several pixels on an original HR image.

[0082] The SRMV will be described using FIG. 2(c).
Each square represents a pixel. Let us focus attention on a
pixel 927 on one reconstructed LR image 920 out of the six
reference reconstructed LR images. The pixel 927 is
assumed to correspond to a pixel block 942 consisting of a
pixel 941 corresponding to the pixel 927, and eight pixels
around it, on reconstructed HR image 940. In this case, a
predicted pixel 945 for the pixel 927 can be calculated by
applying the low-pass filtering and down-sampling to a pixel
block 944 consisting of nine pixels detected with nine
motion vectors from the pixel block 942 on the recon-
structed HR image. Therefore, SRMVs 943 of the pixel 927
are nine motion vectors to minimize the error between pixel
927 and predicted pixel 945.

[0083] Inthe present embodiment the initial data generator
405 calculates initial values of nine SRMVs necessary for a
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prediction of one pixel on the reconstructed LR image, for
all the pixels on the six reference reconstructed LR images.
As shown in FIG. 1, LR images are generated by performing
the low-pass filtering and the down-sampling on an HR
image. For this reason, correspondences between all the
pixels on one reference reconstructed LR image and the
reconstructed HR image can be determined by detecting
corresponding points to the reconstructed HR image as
initial values of SRMVs, for pixels on an image (reference
HR image) resulting from enhancement of the reference
reconstructed LR image into the HR image size. Namely,
among the initial SRMVs of nine-pixel block 944 necessary
for a prediction of one pixel on the reconstructed LR image,
each MV overlapping with an initial SRMV of an adjacent
pixel on the reconstructed LR image has the same value.

[0084] Supposing the reconstructed LR image 920 in FIG.
2(c) is a frame immediately before the reconstructed HR
image 940, the reconstructed LR image 920a in FIG. 2(a)
and (b) corresponds to the 20 image 920, and the recon-
structed LR image 910 to the LR image before the resolution
enhancement of the reconstructed HR image 940. Corre-
sponding points between pixels on the image 920a and the
image 910 are determined by tracing the DECMVs or
LRMVs of the reconstructed LR image 910 with use of the
reconstructed LR image 920a as a reference image in the
reverse direction (direction from image 920a to image 910).
On this occasion, a corresponding point is calculated by
spatial interpolation of a motion vector, for each pixel
without a coincident corresponding point. Furthermore, the
motion vectors in LR image units corresponding to the
corresponding points are extended to motion vectors in HR
image units.

[0085] Next, corresponding points between pixels on a
reconstructed LR image of a frame immediately before the
image 9204, and the image 920a are determined by tracing
the DECMVs or LRMVs of the reconstructed LR image
920qa with use of the reconstructed LR image of the frame
immediately before the image 920a, as a reference image, in
the reverse direction. On this occasion, for each pixel
without coincident correspondence, a corresponding point is
determined by spatial interpolation of a motion vector.
Furthermore, corresponding points between the pixels on the
reconstructed LR image of the frame immediately before the
image 920a, and the image 910 are calculated from the
corresponding points between image 910 and image 920a
and the corresponding points between image 920a and the
frame immediately before the image 920a, and the motion
vectors in LR image units corresponding to the correspond-
ing points are extended to motion vectors in HR image units.
This process is continuously carried out in the direction
away from the reconstructed HR image 940, for all the six
reference reconstructed LR images, thereby generating the
initial data of the SRMV search.

[0086] Next, super-resolution image synthesizer 410 gen-
erates a reconstructed HR image 106. The super-resolution
image synthesizer 410 inputs seven reconstructed LR
images 102, the initial data for the SRMV search generated
by the initial data generator 405, and quantization parameter
114, carries out a process of iterating optimization of SR
motion information 110 by motion searcher 411 and opti-
mization of reconstructed HR image 106 by coding noise
estimator 412, and outputs the SR motion information 110
and reconstructed HR image 106 (for the details of the
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optimization using the iterating process, reference is made,
for example, to Non-patent Document 1).

[0087] In the third step, the super-resolution motion com-
pensator 313 modifies the SR motion information 110 into
high-accuracy modified SR motion information 111, using
original images. The super-resolution motion compensator
313 inputs six original LR images 104 which are the original
version of six reference reconstructed LR images, seven
original HR images 101 which are original version of six
reference reconstructed LR images and one reconstructed
LR image on which the resolution enhancement is per-
formed, and the SR motion information 110, and outputs the
modified SR motion information 111 to the resolution
enhancement processor 310 and to the subsidiary data
encoding-rate controller 311.

[0088] The modified SR motion information consists of
block location information on a reconstructed LR image, a
reference frame number, a block size, and subsidiary motion
vectors (the motion vectors in the modified SR motion
information will be referred to hereinafter as “modified
SRMVs”). The block size is used for a purpose of reducing
the number of codes of subsidiary data by joint coding of
several pixels. The number of modified SRMVs belonging
to the modified SR motion information is 9 in the case where
the block size is 1x1 pixel, and (2xN+1)x(2xN+1) in the
case where the block size is NxN pixels.

[0089] The super-resolution motion compensator 313 uses
the six original LR images and the original HR image to
detect SRMVs between pixels on the six reference recon-
structed LR images and the original HR image. Furthermore,
if a difference between a target pixel on an original LR
image and a predicted pixel thereof is larger than a preset
threshold, SRMVs are detected between original HR
images, without performing the sampling process based on
the low-pass filtering and down-sampling. Differences
between the detected SRMVs and the input SRMVs are
compared by average in each unit of several types of divided
blocks specified, and when a difference is larger than a
threshold, an average of detected SRMVs and constituent
data are outputted as the modified SR motion information
111. Even if the difference of SRMVs is smaller than the
threshold and if the sum of the block squared error of
differences between predicted pixels in application of the
detected SRMVs and the input SRMVs and pixels on the
original LR image is larger than a threshold, the average of
detected SRMVs and constituent data are outputted as the
modified SR motion information 111. The modified SRMVs
improve the estimation accuracy of corresponding points
between the reconstructed LR images and the HR image
which is the enhanced by the resolution enhancement, and
thus improve the image quality of the reconstructed HR
image. In addition, the time is reduced for the detection of
SRMVs, whereby the operation time is reduced for genera-
tion of the super-resolution image.

[0090] In the fourth step, the resolution enhancement
processor 310 readjusts the reconstructed HR image 106 and
SR motion information 110. The resolution enhancement
processor 310 inputs a reconstructed LR image 102 on
which the resolution enhancement is performed, recon-
structed LR images 102 consisting of three frames before it
and three frames after it, and modified SR motion informa-
tion 111, updates the reconstructed HR image 106 and SR
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motion information 110, and outputs the updated data.
Specifically, the super-resolution image synthesizer 410
replaces SRMVs with modified SRMVs, and thereafter
performs a process of iterating the optimization of SR
motion information 110 by the motion searcher 411 and the
optimization of reconstructed HR image 106 by the coding
noise estimator 412, to update the SR motion information
110 and reconstructed HR image 106 (for the details of the
optimization using the iterating process, reference is made,
for example, to Non-patent Document 1).

[0091] In the fifth step, the high-resolution motion com-
pensator 314 generates motion information for further
improvement in the image quality of the reconstructed HR
image, using reconstructed HR images (reference HR
images) of three preceding frames already generated, and the
original HR image. The high-resolution motion compensator
314 inputs a plurality of reference HR images 107, a
reconstructed HR image 106, and an original HR image 101
being an original image of the reconstructed HR image, and
outputs HR motion information 112 between the reference
HR images 107 and the reconstructed HR image 106 to the
resolution enhancement processor 310 and to the subsidiary
data encoding-rate controller 311.

[0092] The HR motion information consists of block loca-
tion information on a reference HR image, a reference frame
number, a block size, and a subsidiary motion vector (the
“motion vector” in the HR motion information will be
referred to hereinafter as an HRMV).

[0093] The HRMV will be described using FIG. 2(d).
FIG. 2(d) shows a case where a block 946 on a reconstructed
HR image 940 is updated by a block 952 on a reference HR
image 950 of a frame immediately before it, and shows that
a spatial motion vector between a block 951 at the same
spatial position as the block 946, on the reference HR image
950, and the update block 952 becomes HRMV 954. The
block size is used for the purpose of reducing the number of
coding bits for subsidiary data by joint coding of multiple
pixels.

[0094] The high-resolution motion compensator 314 first
compares the original HR image with the reconstructed HR
images as to several types of divided blocks preliminarily
specified, to detect a block in which the sum of the squared
error of differences of pixels is larger than a preset threshold.
Next, the high-resolution motion compensator 314 extracts
a block at a detected position from the original HR image,
and searches the plurality of reference HR images for
finding a block position where the sum of the squared error
of differences from the extracted block is minimum. If the
sum of the squared error of differences between the block
obtained as a result of the search and the extracted block is
smaller than the threshold, the high-resolution motion com-
pensator 314 outputs corresponding HR motion information
112. This HR motion information using the information of
the original high-resolution image enables the image quality
of the reconstructed high-resolution image to be modified
using the reference high-resolution images with high quality
enhanced in resolution in the past, whereby the image
quality of the reconstructed HR image is improved.

[0095] In the sixth step, the resolution enhancement pro-
cessor 310 carries out a quality improving process of the
reconstructed HR image 106. The resolution enhancement
processor 310 inputs the reference HR image 107 and HR
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motion information 112, updates the reconstructed HR
image 106, and outputs the updated data. Specifically,
motion compensator 421 of quality sharpener 420 in FIG. 5
extracts a block image one by one from the reference HR
image 107 on the basis of the HR motion information 112,
and quality improver 422 synthesizes a reconstructed HR
image from extracted block images. This is carried out for
every HR motion information and an updated reconstructed
HR image 106 is outputted. The synthesis method applied
herein is weighted interpolation with a corresponding block
on the old reconstructed HR image.

[0096] In the seventh step, the subsidiary data encoding-
rate controller 311 encodes the LR motion information 109
being subsidiary information generated by the subsidiary
data generator 351, the modified SR motion information 111,
and the HR motion information 112 to generate subsidiary
data 113, and outputs the subsidiary data 113 to decoding
apparatus 20.

[0097] FIG. 8 shows a data format of the subsidiary data
associated with one reconstructed HR image. The subsidiary
data 113 as a target for coding by the subsidiary data
encoding-rate controller 311 starts from start code 701 for a
search for a head of subsidiary data of one frame. The start
code is a unique word whose data pattern does not appear in
the subsidiary data. Synchronization code 707 is a unique
word for discriminating the subsidiary data of one frame in
each of data types described hereinafter, and is omitted
immediately after the start code. Information from data type
702 to motion vector 705 is encoded by variable-length
coding (for the variable-length coding, reference is made to
Reference Document 1).

[0098] Block location information 703 indicates a refer-
ence frame number and a pixel position on an image (an LR
image for the LR motion information and modified SR
motion information, or an HR image for the HR motion
information). Where the data type is the LR motion infor-
mation, the reference frame number is determined from the
DEC motion information, and thus only the information of
the pixel position is encoded.

[0099] Block size information 704 indicates a size of a
block having the aforementioned pixel position at the upper-
left. Motion vector density information 708 indicates a pixel
interval of a subsidiary motion vector to be encoded, for the
foregoing block range. Therefore, a plurality of subsidiary
motion vectors are encoded through iterative loop 712,
except for the case where the pixel interval is 0, i.e., where
there is one subsidiary motion vector to be encoded in the
block. Each motion vector is encoded in order of a horizon-
tal component and a vertical component of vector values of
an LRMYV, modified SRMYV, or HRMV. Each motion vector
encoded in fact is a difference vector from a predicted
motion vector.

[0100] For each LRMYV, predicted values for a block
without a DECMV are median values of motion vector
components of three adjacent blocks (for the intermediate
value prediction of motion vector, reference is made to
Reference Document 1); predicted values for a block with a
DECMYV are vector values of the DECMV. For each modi-
fied SRMV or HRMYV, predicted values are intermediate
values of motion vector components of three adjacent blocks
with respect to motion vectors of the same data type.

[0101] If the volume of information to be coded is high,
the subsidiary data encoding-rate controller 311 reduces the
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information volume according to priority levels. If the first
priority is speed, the priority levels are determined in an
order of the LR motion information, modified SR motion
information, and HR motion information. If the first priority
is the image quality of the reconstructed HR image, the
priority levels are determined in an order of the HR motion
information, modified SR motion information, and LR
motion information. In the same data type, a higher priority
is given to a block with a large evaluated value (LR motion
information: difference from DECMYV; modified SR motion
information: difference from SRMV; HR motion informa-
tion: sum of squared error of pixel units between an
extracted block from a reference SR image and a corre-
sponding block on a reconstructed HR image).

[0102] Subsequently, the decoding apparatus 20 according
to an embodiment of the present invention will be described.

[0103] FIG. 6 shows an overall configuration of the
decoding apparatus 20 according to an embodiment of the
present invention. The decoding apparatus 20 has decoding
processor 501, resolution enhancement processor 502, frame
memory 503, data memory 504, data memory 505, frame
memory 508, and subsidiary data decoding-separating part
531.

[0104] First, the decoding processor 501 decodes encoded
video data 120 into reconstructed LR image 102. The
reconstructed LR image 102 thus decoded is stored into
frame memory 503, decoded motion information (DEC
motion information) 108 into data memory 504, and
decoded quantization parameter 114 into data memory 505,
and each data is outputted according to a request from the
resolution enhancement processor 502. The details of the
decoding process are described, for example, in “Text of
ISO/IEC 14496-2 Third Edition,” March 2003 (hereinafter
referred to as Reference Document 2). The resolution
enhancement processor 502 inputs reconstructed LR image
102, DEC motion information 108, quantization parameter
114, subsidiary information obtained by decoding subsidiary
data 113 (LR motion information 109, modified SR motion
information 111, and HR motion information 112 decoded
and separated by the subsidiary data decoding-separating
part 531), and reference HR image 107 (previously gener-
ated, reconstructed HR image outputted from the frame
memory 508), and generates reconstructed HR image 106.

[0105] FIG. 7 shows the internal configuration of the
resolution enhancement processor 502 and the subsidiary
data decoding-separating part 531. The resolution enhance-
ment processor 502 requests input of reconstructed LR
image 102, DEC motion information 108, quantization
parameter 114, decoded subsidiary data 113, and reference
HR image 107 (reconstructed HR image already generated).
On this occasion, the reconstructed LR image and DEC
motion information needed are information about a total of
seven frames consisting of a frame on which is the resolution
enhancement is performed, and three frames each before and
after it in terms of the display time, and the reference HR
image needed is information about three preceding frames.
Namely, the resolution enhancement process is carried out
after a reconstructed LR image of a third frame ahead from
the current frame is decoded.

[0106] The resolution enhancement process in the decod-
ing apparatus 20 according to the embodiment of the present
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invention can be decomposed into three steps. The operation
will be described below according to the processing
sequence.

[0107] The first step is to perform decoding of LR motion
information 109 and to generate initial data for SRMV
search. First, the subsidiary data decoding-separating part
531 separates data of LR motion information 109 from the
subsidiary data 113 of a target frame for resolution enhance-
ment and decodes it by variable-length decoding. Next,
initial data generator 405 inputs the decoded LR motion
information 109 and DEC motion information 108 of seven
frames, and generates the initial data for SRMV search. The
operation of the initial data generator 405 was already
described with FIG. 5 and thus the description thereof is
omitted herein.

[0108] The second step is to decode the modified SR
motion information 111 and to generate the reconstructed
HR image 106. First, the subsidiary data decoding-separat-
ing part 531 separates the data of modified SR motion
information 111 from the subsidiary data 113 of the target
frame for resolution enhancement, and decodes it by vari-
able-length decoding. Next, super-resolution image synthe-
sizer 510 inputs the decoded modified SR motion informa-
tion 111, seven reconstructed LR images 102, the initial data
for SRMV search, and quantization parameter 114, and
generates reconstructed HR image 106. Specifically, motion
searcher 511 modifies the initial data for SRMV search by
the modified SR motion information 111, and thereafter
carries out a process of iterating the optimization of SRMV
by motion searcher 511 and the optimization of recon-
structed HR image 106 by coding noise estimator 512, to
converge the reconstructed HR image 106 (for the details
about the optimization using the iterating process, reference
is made, for example, to Non-patent Document 1). It is,
however, estimated that an SRMV modified by the modified
SR motion information has highly accurate values, and thus
only fine adjustment is carried out in a limited range of real
numbers of not more than integer pixels.

[0109] The third step is to perform decoding of HR motion
information 112 and a quality improving process of recon-
structed HR image 106. First, the subsidiary data decoding-
separating part 531 separates the data of HR motion infor-
mation 112 from the subsidiary data 113 of the target frame
for resolution enhancement, and decodes it by variable-
length decoding. Next, image sharpener 520 carries out the
quality improving process using the HR motion information
112 and reference HR image 107. Specifically, motion
compensator 521 extracts a block image one by one from the
reference HR image 107 on the basis of the HR motion
information 112, and quality improver 522 combines each
extracted block image with the reconstructed HR image 123
generated by the super-resolution image synthesis processor
510 to update the reconstructed HR image 106. This is
carried out for every HR motion information and the recon-
structed HR image 106 thus updated is outputted. The
synthesis method applied herein is the weighted interpola-
tion with a corresponding block on the old reconstructed HR
image.

[0110] FIG. 9 shows an encoding process flow to carry out
the present invention. Since the details of each step in FIG.
9 are redundant with the descriptions with FIGS. 3, 4, and
5, only the flow of processing will be described below. After
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encoding process start 601, process 602 is to convert an
original HR image into original LR images by the sampling
process based on the low-pass filtering and down-sampling.
Process 603 is to perform video coding of each converted
original LR image and to generate a reconstructed LR image
and DEC motion information by the local decoding process.
Process 604 is to modify at least part of the DEC motion
information into high-accuracy LR motion information,
using the original LR image. Process 605 is to generate the
initial data for SRMV search, using the DEC motion infor-
mation and LR motion information of multiple frames.
Process 606 is to generate the reconstructed HR image and
SR motion information from a plurality of reconstructed LR
images by the resolution enhancement process. Process 607
is to modify part of the SR motion information generated in
process 606, into high-accuracy modified SR motion infor-
mation, using the original HR image and original LR image.
Process 608 is to replace SRMV's with the modified SRMVs
generated in process 607 and to again carry out the resolu-
tion enhancement process to update the reconstructed HR
image and SR motion information. Process 609 is to detect
the motion information (HR motion information) between a
reference HR image and a reconstructed HR image for
improvement in the image quality of the target reconstructed
HR image with the reference HR image, using the reference
HR image. Process 610 is to improve the image quality of
the reconstructed HR image, using the HR motion informa-
tion detected in process 609, and the reference HR image.
Process 611 is to encode the LR motion information gener-
ated in process 604, the modified SR motion information
generated in process 607, and the HR motion information
generated in process 609, to generate subsidiary data. After
completion of process 611, the encoding process ends (pro-
cess 612).

[0111] FIG. 10 shows a super-resolution image generating
process flow in the decoding process to carry out the present
invention. Since the details of each step in FIG. 10 are
redundant with the description of FIG. 7, only the flow of
processing will be described below. After super-resolution
image generating process start 801, process 802 is to decode
the LR motion information. Process 803 is to generate the
initial data for SRMV search, using the LR motion infor-
mation decoded in process 802 and the DEC motion infor-
mation of multiple frames. Process 804 is to decode the
modified SR motion information. Process 805 is to set the
modified SR motion information decoded in process 804, as
initial data for SRMV search and to perform a search for
SRMYV under a condition that the update of the modified SR
motion information is limited in the range of not more than
integer pixels, to generate the reconstructed HR image from
reconstructed LR images of multiple frames. Process 806 is
to decode the HR motion information. Process 807 is to
improve the image quality of the reconstructed HR image
from the reference HR image, based on the HR motion
information decoded in process 806. After completion of
process 807, the super-resolution image generating process
ends (process 808).

[0112] FIG. 11 shows a decoding process flow to carry out
the present invention. Since the details of each step in FIG.
11 are redundant with the descriptions of FIGS. 6 and 7,
only the flow of processing will be described below. After
decoding process start 901, process 902 is to decode
encoded video data to generate the reconstructed low-
resolution image, DEC motion information, and quantiza-
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tion parameter. Next, process 903 is to carry out decoding of
subsidiary data coded, to generate the LR motion informa-
tion, modified SR motion information, and HR motion
information. Thereafter, process 904 is to generate the initial
data for SRMV search, using the LR motion information
decoded in process 903 and the DEC motion information of
multiple frames. Process 905 is to set the modified SR
motion information decoded in process 903, as initial data
for SRMV search and to perform a search for SRMV under
a condition that an update of modified SR motion informa-
tion is limited in the range of not more than integer pixels,
to generate a reconstructed HR image from reconstructed
LR images of multiple frames. Process 906 is to improve the
image quality of the reconstructed HR image from the
reference HR image, based on the HR motion information
decoded in process 903. After completion of process 906,
the decoding process ends (process 907).

[0113] FIG. 12 is an illustration for explaining a case
where a computer system carries out a program of the image
encoding process or image decoding process of the above
embodiment, using a storage medium such as a flexible disk
storing the program.

[0114] FIG. 12(b) shows the appearance from the front of
a flexible disk, a sectional structure thereof, and a flexible
disk, and FIG. 12(a) shows an example of a physical format
of a flexible disk which is a main body of a recording
medium. The flexible disk FD is built in case F, a plurality
of tracks Tr are formed concentrically from outer periphery
toward inner periphery on a surface of the disk, and each
track is circumferentially divided into sixteen sectors Se.
Therefore, in the case of the flexible disk storing the above
program, data as the program is recorded in an allocated
region on the flexible disk FD.

[0115] FIG. 12(c) shows a configuration for carrying out
recording/reproduction of the above program on the flexible
disk FD. For recording the program onto the flexible disk
FD, the data as the program is written from a computer
system Cs through a flexible disk drive. In a case where the
encoding or decoding apparatus is constructed based on the
program in the flexible disk in the computer system, the
program is read out of the flexible disk by the flexible disk
drive and is transferred to the computer system.

[0116] The above described the use of the flexible disk as
a data recording medium, but the same also applies to use of
an optical disk. The recording media do not have to be
limited to this, but the invention can also be carried out in
the same manner, using any recording medium capable of
recording the program, such as an IC card or a ROM
cassette. The computer encompasses a DVD player, a set-top
box, a cell phone, etc. with a CPU configured to perform
processing and control based on software.

[0117] The above described the embodiments of the
present invention, but it is noted that the following modifi-
cations are also available and all the modes described below
are also included in the present invention.

(1) Modification Example Concerning Partial Use
of Function

[0118] The LR motion information, the modified SR
motion information, the HR motion information, which is
the subsidiary motion information forming the subsidiary
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data of the present invention, does not have to be present all
together, but the same effect can also be achieved even if the
high-resolution image is generated from low-resolution
images, using only part of the subsidiary motion informa-
tion.

[0119] Specifically, even if the subsidiary data of the
present invention is generated using both or one of the
original HR image with the resolution higher than that of the
original LR images, and the original LR images, the image
decoding apparatus and the image encoding apparatus are
able to improve the accuracy of motion detection between
images and to improve the image quality of the recon-
structed high-resolution image. Since it reduces the process-
ing load of the motion search in the image decoding appa-
ratus and the image encoding apparatus, the computational
complexity can be reduced for the image resolution
enhancement process.

[0120] Specifically, the image decoding apparatus and the
image encoding apparatus of the present invention realize
the improvement in the image quality and the reduction in
the computational complexity as described above, in any
one of a case where the subsidiary data consists of only the
modified SR motion information, a case where the subsid-
iary data consists of the modified SR motion information
and the HR motion information, and a case where the
subsidiary data consists of the modified SR motion infor-
mation, the HR motion information, and the LR motion
information. The configurations not using part of the sub-
sidiary motion information can be realized in such a manner
that the subsidiary data generator 351 of the image encoding
apparatus 10 does not carry out the generation of the motion
information corresponding to the associated subsidiary
motion information.

[0121] The super-resolution image synthesis process in
FIGS. 5 and 7 can be carried out without the initial data for
SRMYV search. Therefore, the modified SR motion informa-
tion and the HR motion information of the present invention
are also effective in cases where the initial data generation
and the coding of LR motion information are not carried out.

[0122] Furthermore, the reconstructed HR image gener-
ated by the super-resolution image synthesis process in
FIGS. 5 and 7 can also be implemented without the quality
improving process of the reconstructed HR image based on
the image sharpening process. Therefore, the LR motion
information and the modified SR motion information of the
present invention is also effective in cases where the image
sharpening process and the coding of HR motion informa-
tion are not carried out.

[0123] In addition, the subsidiary data of the present
invention is also effective even in cases where a super-
resolution image with a higher resolution is generated from
a plurality of images acquired through a means such as a
camera or from a plurality of images preliminarily stored in
a device such as a hard disk, instead of the decoded images
from the encoded video data. In such cases, the DEC motion
information does not exist, but the modified SR motion
information and the HR motion information is effective.

(2) Modification Example Concerning Change in
Definition of Function

[0124] The method of combining a block on a reference
HR image extracted in the image sharpening process, with
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the reconstructed HR image is not limited to the weighted
synthesis process. The HR motion information of the present
invention is also effective in cases where a portion of the
reconstructed HR image is replaced with an extracted block.

[0125] There are no restrictions on the type of the low-
pass filter for the conversion from HR image to LR image.
In the description of FIG. 2(c), the number of taps of the
filter is three both horizontal and vertical, but it is also
effective to use a filter with the greater number of taps or
with different coefficients. In addition, it is described that
nine pixels on the HR image correspond to one pixel on the
LR image, but there are no restrictions on this correspon-
dence. Specifically, since one pixel on the LR image can be
generated from at least one corresponding pixel on the HR
image, the operation can be achieved without some of the
pixels in the region affected by the filter. Furthermore, FIG.
2(c) shows the example wherein the pixels discarded by
down-sampling are pixels on even columns and even lines in
the HR image after the filtering process, but the discarded
pixels are not limited to this example. The present invention
is also effective in cases where samples at fractional posi-
tions on the HR image are adopted as pixel samples on the
LR image in the low-pass filtering process.

[0126] Furthermore, the initial data generating method for
SRMYV search is not limited to the method described with
FIG. 5. Instead of the tracing method in the direction away
from the reconstructed HR image, another effective method
is to perform scaling of the motion vector according to the
frame interval.

(3) Modification Example Concerning Encoding
Method of Subsidiary Data

[0127] The data format of subsidiary data as an object for
coding of the present invention is not limited to that in FIG.
8. The motion vector predicting method is not limited to the
method described with FIG. 8, either.

[0128] In the data format of FIG. 8, instead of the method
of using the reference frame number information as the
block location information and encoding the pixel positions,
it is also effective to adopt a method of dividing an image
into blocks and encoding the information indicating whether
subsidiary motion information in a block is encoded or not
in the raster scan order from upper-left block. At this time,
the block size information is not always necessary.

[0129] Furthermore, in the data format of FIG. 8, it is also
effective to replace the block location information with the
reference number information in the block location infor-
mation, and to adopt a method of dividing an image into
blocks and encoding the information indicating whether the
motion vector in a block is encoded or not in the raster scan
order from upper-left block, instead of the method of encod-
ing the pixel position information in the block location
information, block size information, and motion vector
density information.

[0130] In the data format of FIG. 8, the data type infor-
mation is encoded for each frame, but another conceivable
case is to delete the iterative loop 713 and to encode a data
type for each block in the subsidiary data information. Since
this format is to add a synchronization code for each
subsidiary motion information of one block, it is effective in
cases where a search is desired for the subsidiary motion
information of a specific pixel from the subsidiary data.
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[0131] Furthermore, there are no restrictions on the accu-
racy of coding of the motion vector. For example, it is also
effective to adopt the high-accuracy motion vector
described, for example, in Reference Document 2 or in “Text
of ISO/IEC 14496-10 Advanced Video Coding 3rd Edition,”
September 2004 (hereinafter referred to as Reference Docu-
ment 3).

[0132] The description of FIG. 8 provided the operation in
which the components of subsidiary data were encoded by
the variable-length coding, but the method for coding of it
is not limited to this. It is also effective to adopt the
arithmetic coding method or the like described in Reference
Document 3.

(4) Modification Example Concerning Components
of Subsidiary Data

[0133] The components of subsidiary data are not limited
to those in the aforementioned embodiment.

[0134] The subsidiary motion vector information of FIG.
8 also includes an information which indicates no corre-
sponding motion vector between two images exits. A situ-
ation wherein pixels in two any images in a video sequence
are perfectly in one-to-one correspondence is an extremely
rare case, and thus information indicating no corresponding
point is effective.

[0135] Furthermore, the subsidiary motion vector infor-
mation of FIG. 8 also can include information which
indicates motion search range for the area defined by block
size information, instead of vector values. In this case, the
motion vector density information is omitted. This search
range information can reduce the detection time of the
motion vector.

[0136] The subsidiary motion vector information of FIG.
8 is also effective in the case of motion parameters indicating
rotation, expansion, deformation, etc., instead of the vector
values. The details of the motion parameters (affine trans-
formation parameters and projective transformation param-
eters) are described in Reference Document 1.

[0137] Furthermore, FIG. 2(b) shows the configuration
wherein the prediction type of LR motion information is
limited to the prediction type of DEC motion information or
default value, but the prediction type is not limited to those.
In this case, the LR motion information can include a
prediction type (forward prediction/backward prediction/
bidirectional prediction or the like). In the case of the
encoding and decoding methods to which the motion pre-
diction using multiple reference frames is applied as
described in Reference Document 3, the DEC motion infor-
mation can include reference frame numbers. Furthermore,
in the case of the encoding and decoding methods in which
a block size for execution of the motion prediction can be
selected from plural types, as described in Reference Docu-
ment 3, the DEC motion information also can include the
block size. In this case, similarly, the LR motion information
also can include the reference frame numbers and the block
size.

[0138] The SRMV does not have to be obtained for all the
pixels on a reconstructed LR image. If it cannot be detected
from a pixel on the reconstructed HR image by virtue of
influence of occlusion or the like, a more effective recon-
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structed HR image can be generated by the optimization
process without use of the pixel.

[0139] Furthermore, as to the block location information
in the modified SR motion information, it is also effective to
use values on the basis of the reconstructed HR image,
instead of the values on the basis of the reconstructed LR
image. In this case, where the motion density information is
1 (i.e., where the motion vector is encoded for all the pixels
in a block), the number of pixels in the block is same as the
number of modified SRMVs in pixel units.

[0140] The shape of the block of the subsidiary motion
information may be arbitrary. In this case, shape information
may be coded. One of the coding methods of the shape
information is, for example, the method using the arithmetic
coding described in Reference Document 2.

(5) Modification Example Concerning Motion
Estimation Method

[0141] Inthe above embodiment the detection of modified
SRMYV is carried out between a plurality of original LR
images and an original HR image, but another method of
carrying out the detection using an HR image instead of the
original LR image is also highly effective because it
improves the accuracy of SRMV. In this case, the pixel
position in the block location information is values on the
HR image.

[0142] Inthe above embodiment the detection of SRMV is
carried out between a plurality of reconstructed LR images
and a reconstructed HR image, but another method of
carrying out the detection using reference HR images
instead of the reconstructed LR images is also highly
effective because it improves the accuracy of SRMV.

(6) Modification Example Concerning Overall
Configuration

[0143] The above embodiment employed the encoding
and decoding methods of video sequence as described in
Reference Document 1 and Reference Document 2, but the
methods are not limited to those.

[0144] The above described the resolution enhancement
method and estimation model based on Non-patent Docu-
ment 1 and Non-patent Document 2, but the present inven-
tion is not limited to this method because the subsidiary
motion information coding and the high quality achieving
process using it according to the present invention can be
applied to the technology of generating the high-resolution
image from the plurality of low-resolution images.

[0145] Furthermore, the above described that the number
of reconstructed LR images used in the resolution enhance-
ment process was 7, but the present invention is not limited
to it because the present invention can be carried out with
another number. There are no restrictions on the number of
reference HR images, either.

[0146] The resolution enhancement process introduced in
the present specification is the technology of formulating the
relationship between one unknown high-resolution image
and a plurality of known low-resolution images and esti-
mating an optimal high-resolution image and motion infor-
mation satisfying those formulae, and Non-patent Document
1 and Non-patent Document 2 are examples of the technol-
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ogy for estimating an optimal higher-order vector satisfying
an evaluation function by statistical techniques. There are
various methods of resolution enhancement, as described in
Document “Sung Cheol Park et al., “Super-Resolution
Image Reconstruction: A Technical Overview,” IEEE Signal
Processing Magazine, May 2003 (hereinafter referred to as
Reference Document 4), and the subsidiary data in the
present specification can be applied all to cases where the
relationship between the high-resolution image and the
plurality of low-resolution images is expressed using the
motion information. The other methods than Non-patent
Documents 1 and 2 include a method of solving a system of
simultaneous equations, a method using projections onto
convex sets (e.g., “A. M. Tekalp, M. K. Ozkan and M. 1.
Sezan, “High-resolution image reconstruction from lower-
resolution image sequences and space varying image resto-
ration,” in Proc. IEEE Int. Conf. Acoustics, Speech and
Signal Processing (ICASSP), San Francisco, Calif., vol. 3,
March 1992, pp. 169-172,” (hereinafter referred to as Ref-
erence Document 5)), and so on. The high-resolution image
generated is characterized in that the spatial resolution is
higher than that of the plurality of known low-resolution
images and in that high-frequency components not appear-
ing through alignment between the plurality of low-resolu-
tion images and the synthesis process (e.g., mosaicing) are
generated on the image.

[0147] The above described the configuration wherein the
quantization parameter 114 was the input in the process of
coding noise estimator 412 in FIGS. 5 and 7, but the present
invention can also be carried out in the coding noise esti-
mating processes without need for the quantization param-
eter. For this reason, implementation of the present invention
is not affected by the existence of the quantization parameter
in the resolution enhancement process.

[0148] The above described the configuration wherein the
DEC motion information 108 consisted of the prediction
type and motion vector (DECMYV), but the present invention
is not limited to these components. For example, in a method
wherein a plurality of reconstructed LR images are used as
reference images as in Reference Document 3, the DEC
motion information also includes a reference frame number
because it is necessary to select a reference frame number
for each predicted block.

(7) Generation Method of Subsidiary Data

[0149] The above described the super-resolution motion
compensator 313 in FIG. 4 in the configuration wherein if
the difference between a target pixel on an original LR
image and a predicted pixel thereof was larger than the
preset threshold, the reference image to be used in the
detection of modified SRMV was switched from the original
LR image to the original HR image, but the use of the
original HR image is not limited to this method. For
example, the original HR image may be used for all the
pixels, without use of the original LR image. Concerning the
output condition of modified SR motion information 111, it
was defined as follows in the description of FIG. 4: the
difference between the detected SRMV and the SRMYV in the
SR motion information 110 is compared by average for each
of'several types of divided blocks specified and the modified
SR motion information 111 is outputted if the difference is
larger than the threshold. However, the output condition is
not limited to this method. For example, instead of the
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difference between MVs, the output condition may also be
defined so as to use the detected SRMV and the difference
between the predicted value in application of SRMV and the
pixel on the original image. The size selecting method of
divided blocks is not limited to one method, either. Further-
more, the modified SRMV to be outputted in the description
of FIG. 4 was the block average of detected SRMVs, but is
not limited to this. For example, a fixed value of SRMV is
determined for pixels in a block, instead of the average of
detected M Vs, and the detection is performed in block units.

[0150] Similarly, the subsidiary data selecting method in
the low-resolution motion compensator and in the high-
resolution motion compensator is not limited to one tech-
nique, either.

[0151] Furthermore, the priority levels and evaluation
method associated with the selection of subsidiary motion
information in the subsidiary data encoding-rate controller
are not limited to the method shown in the description of
FIG. 4, cither. For example, the resolution enhancement
process using the subsidiary data of the present invention is
also effective in cases using the evaluation method with
consideration to the number of coding bits.

(8) Embodiment of Modification Example (5)

[0152] The super-resolution image synthesizer 410 gener-
ates the SR motion information 110 between reconstructed
HR image 106 and a plurality of reconstructed LR images by
use of the plurality of reconstructed LR images 102, and an
improvement in the estimation accuracy of the SR motion
information and the modified SR motion information can be
expected by use of the motion estimation between HR
images, as in Modification Examples (4) and (5). Therefore,
an embodiment of the motion estimation between HR
images will be described below in detail with reference to
FIGS. 13, 14, and 15. An example will be described below
using a case where the resolution enhancement process
requires only the SR motion information, concerning Modi-
fication Example (1).

[0153] FIG. 13 shows an internal configuration of reso-
Iution conversion-encoding part 306, i.e., a modification
example of FIG. 4. The resolution enhancement processor
310 is a processing part for generating reconstructed HR
image 106 and SR motion information 110 from a plurality
of reconstructed LR images 102, and an internal configura-
tion thereof is shown in FIG. 14.

[0154] FIG. 14 shows a modification example of FIG. 5.
As seen from the inputs and outputs in the drawing, the
configurations of the resolution enhancement processor 310
and the super-resolution motion compensator 313 are dif-
ferent from those in FIGS. 4 and 5. Namely, in the present
invention, the method of the resolution enhancement process
using the SR motion information is not limited to FIG. 5 and
the method of generating the modified SR motion informa-
tion is not limited to FIG. 4, either. In the description of
FIG. 2(c), the SR motion information was the motion
information representing the time-space correspondences
between the reconstructed HR image and the plurality of LR
images. For this reason, in the example of FIG. 2(c), the
number of SRMVs (modified SRMVs) corresponding to one
pixel on the LR image is determined by the number of taps
of the low-pass filter used in the conversion from the HR
image to the LR image (nine taps in FIG. 2(c)). However,
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the configuration of SRMVs is not limited to the configu-
ration of FIG. 2(c), as described in Modification Examples
(4) and (5), and in the present example the SR information
is information representing the time-space correspondence
between a reconstructed HR image and a plurality of HR
images. Therefore, one SRMV (modified SRMV) corre-
sponds to one pixel on the HR image as described in
Modification Example (4).

[0155] Considering the difference between the two
examples from the viewpoint of the motion models, the
SRMYV in FIG. 2(c) represents the time-space correspon-
dences between the original HR image 101 and the plurality
of original LR images 102, including the motion model 201
and sampling model 202 in FIG. 1, whereas the SRMV in
the present example represents the motion vector of motion
model 201, i.e., the time-space correspondences between the
original HR image 101 and the plurality of original HR
images. Since the original HR image and original LR images
are unknown, the SR information is generated from the
virtual HR image hypothetically produced, and the recon-
structed LR image in FIG. 2(c). In contrast to it, the present
example is to generate virtual HR images corresponding to
the plurality of reconstructed LR images, in addition to the
virtual HR image, and to generate the SR motion informa-
tion by the motion estimation between HR images. There-
fore, the two examples are different in the method of
generating the SR motion information, and, therefore, pro-
vide different results though they are based on the same
motion model. The present example is considered to
improve the quality of the reconstructed HR image and the
processing speed if the virtual HR images are appropriately
selected. Since the motion vector between the original HR
images is utilized as the modified SRMV, the introducing
effect of subsidiary data is considered to be higher than that
in FIG. 2(c).

[0156] In the present example, the local resolution
enhancement processor 310 in FIG. 13 corresponds to the
super-resolution image synthesizer 410 in FIG. 5. The local
resolution enhancement processor 310 inputs a plurality of
reconstructed LR images 102 as in FIG. 5, but before
inputted to the motion searcher 411, they are converted into
enlarged images 118 by image enlargement processor 406.
There are no restrictions on the processing of the image
enlargement processor 406 in the present invention, but
conceivable methods include a simple linear interpolation
process, a spline interpolation process using the B-spline
function, a technique of improving the image quality using
the image improving model as described in Non-patent
Document 1 for the images enlarged by interpolation, and so
on.

[0157] The resolution enhancement process is often
arranged to iterate the processing of the resolution enhance-
ment processor 310, thereby improving the quality of the
reconstructed HR image. In this case, for a reconstructed LR
image as a target for resolution enhancement, at the first step
(first iterating process) an enlarged image 118 generated by
the image enlargement processor 406 is inputted into the
motion searcher 411 as virtual HR image 119. In the second
and subsequent iterating processes after generation of the
virtual reconstructed HR image, the reference HR image 107
(virtual reconstructed HR image) is selected as virtual HR
image 119 through switch 407, instead of the enlarged image
118, and it is inputted into the motion searcher 411. Con-
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cerning the reference reconstructed LR image, there is a case
where the reconstructed HR image (reference HR image
107) has already been generated by the resolution enhance-
ment process, prior to the first iterating process. In this case,
the reference HR image 107 is selected as virtual HR image
119 through switch 407. As the reference HR image 107 is
utilized in this manner, we can expect such effects as an
improvement in the estimation accuracy of SR motion
information 110 generated by the motion searcher 411, and
a reduction in the operation time of processing.

[0158] The motion searcher 411 generates the SR motion
information 110 through the motion estimation between two
HR images. The SR motion information 110 thus generated
is inputted into the super-resolution motion compensator
313, and the super-resolution motion compensator 313
modifies the SR motion information 110 into high-accuracy
modified SR motion information 111, using the original
images. In the present example, the super-resolution motion
compensator 313 receives input of a total of (L+1) original
HR images 101 consisting of original HR images corre-
sponding to the plurality of (L) reference reconstructed LR
images, and a reconstructed HR image as a target for the
resolution enhancement process, and the SR motion infor-
mation 110, and detects modified SRMVs. Then the super-
resolution motion compensator 313 generates modified SR
motion information 111 for a region where the difference
between the SRMV and the modified SRMV (or a difference
between prediction errors in application of the SRMV and
the modified SRMV) is large or for a region requiring a large
operation time for the detection of the optimal SRMV, and
outputs it to the resolution enhancement processor 310 and
to the subsidiary data encoding-rate controller 311. As
described in Modification Example (7), the method of gen-
erating the modified SR motion information in the super-
resolution motion compensator 313 is not limited to one
technique. The modified SR motion information is consid-
ered, for example, to consist of the block location informa-
tion on the reference HR image (image in the HR size
enlarged from the reference reconstructed LR image), ref-
erence frame number, block size, and modified SRMV. The
block size is used for the purpose of reducing the number of
coding bits of the subsidiary data by joint coding of several
pixels. The number of modified SRMVs belonging to the
modified SR motion information is not less than 1 nor more
than NxN where the block size is NxN pixels. The number
of modified SRMVs can be clearly specified to the decoding
side by adding the information such as the motion vector
density information 708 to the modified motion vector
information.

[0159] The resolution enhancement processor 310 updates
the SR motion information 110 in the motion searcher 411,
using the modified SR motion information 111. The coding
noise estimator 412 generates virtual reconstructed HR
image 106, using the reconstructed LR image 102 on which
the resolution enhancement is performed, the L recon-
structed LR images 102, and the updated SR motion infor-
mation 110. In the present example, as described above, the
resolution enhancement process and the super-resolution
motion compensation process are iterated to optimize the
reconstructed HR image 106, SR motion information 110,
and modified SR motion information 111. A conceivable
optimization method is, for example, a method of determin-
ing the number of coding bits of subsidiary data and adjust-
ing the modified SR motion information 111 so as to
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minimize the error between reconstructed HR image 106
and original HR image in the determined number of coding
bits, but there are no restrictions on the optimization method
in the present invention. For permitting the encoding side
and the decoding side to generate the same reconstructed HR
image 106, it is necessary to regenerate the reconstructed
HR image according to an application method of the modi-
fied SR motion information, after the optimization of the
modified SR motion information 111. The subsidiary data
encoding-rate controller 311 encodes the optimized modi-
fied SR motion information into subsidiary data 113 and
transmits the subsidiary data 113 to the decoding apparatus.

[0160] In the present example, the present invention is
also effective even in the case where the image with a higher
resolution is generated from a plurality of images, instead of
the decoded images from encoded video data, as described
in Modification Example (1). As described in Modification
Example (4), the SRMV does not have to be calculated for
all the pixels and, for a pixel with no corresponding point
found, the reconstructed HR image 106 is generated without
use of the motion data of that pixel. In the present example,
therefore, it is also effective to transmit the information
indicating no use of motion data of a target pixel, as
modified SR motion information, as described in Modifica-
tion Example (4).

[0161] FIG. 15 shows an internal configuration of reso-
Iution enhancement processor 502, and subsidiary data
decoding-separating part 531 in the present example. In the
present example, the resolution enhancement processor 502
in FIG. 15 corresponds to the super-resolution image syn-
thesizer 510 in FIG. 7.

[0162] The resolution enhancement processor 502 gener-
ates the reconstructed HR image 106 and SR motion infor-
mation 110, using the reconstructed LR images 102,
decoded modified SR motion information 111, and reference
HR images 107 (reconstructed HR images already gener-
ated). First, the subsidiary data decoding-separating part 531
separates the data of modified SR motion information 111
from the subsidiary data 113 of the target frame for resolu-
tion enhancement, and decodes it by variable-length decod-
ing. Next, the resolution enhancement processor 502 gen-
erates the enlarged image 118 in the image enlargement
processor 406. As shown in FIG. 14, the virtual HR image
119 is selected from enlarged image 118 and reference HR
image 107 according to a predetermined procedure. Then it
generates the SR motion information 110 and reconstructed
HR image 106, using a plurality of virtual HR images 119
and modified SR motion information 111. Specifically, the
resolution enhancement processor 502 performs a process of
iterating the generation of SRMV by the motion searcher
511 and the generation of reconstructed HR image 106 by
the coding noise estimator 512 to optimize them.

[0163] The present example is configured to generate the
SR motion information 110 between HR images, but it is
also possible to adopt a configuration wherein the processing
of the image enlargement processor is omitted in the case
where the reference HR image does not exist (in the first
iterating process) and wherein the motion estimation is
carried out between reconstructed LR images and the result
is enlarged to the SRMV by interpolation of motion vector
values or by the zero-order hold method. In this example,
therefore, the meaning and number of modified SRMVs
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being the component of the modified SR motion information
can vary according to the times of iterating processes.
Another conceivable case is one wherein motion vectors
detected by the motion search between normal reconstructed
images, instead of the motion search between original
images, are transmitted as the modified SR motion infor-
mation, in order to reduce the computational complexity on
the decoding side.

[0164] There are several conceivable techniques for utili-
zation of the modified SR motion information, and it is not
limited to one technique in the present invention. The
conceivable methods of utilizing the modified SRMV
include a method of applying the modified SRMV without
performing the motion search of SRMYV, a method of apply-
ing the modified SRMV and thereafter readjusting it by the
motion search, and a method of determining the final SRMV
using the SRMV detected by execution of the motion search,
and the modified SRMV. Conceivable cases for readjust-
ment include a case wherein the adjustment is carried out so
as to achieve a higher quality of the reconstructed HR image
in consideration of the difference of the reconstructed LR
images actually used for generation of the reconstructed HR
image, and cases for improvement in the accuracy of MV,
e.g., a case where the modified SRM Vs transmitted in block
units are improved into SRMVs in pixel units, and a case
where the pixel accuracy of modified SRMV is improved.
Conceivable methods of determining the final motion vector
using two motion vectors include a case where the modified
SRMYV is a difference vector between an SRMV detected by
execution of the motion search, and the final SRMYV, a case
where an average of a modified SRMV and an SRMV
detected by execution of the motion search is the final
SRMY, and so on. Namely, a potential mode is such that the
modified SR motion information contains the modified
SRMYV and the modified SRMYV is used as a motion vector;
another potential mode is such that the modified SR motion
information contains the modified SRMV, an intermediate
motion vector is detected using a plurality of reconstructed
images, and a motion vector is generated by addition of the
intermediate motion vector and the modified SRMV. Still
another potential mode is such that the modified SR motion
information contains the modified SRMV, the modified
SRMYV is defined as an initial motion vector of the motion
vector, and the initial motion vector is updated using a
plurality of reconstructed images to generate a motion
vector.

[0165] There are several conceivable techniques for per-
forming the iterating process in use of the modified SR
motion information. The techniques are roughly classified
into a method of applying the same modified SRMV to all
cycles of the iterating process and a method of applying the
modified SRMV to only a specific cycle in the iterating
process. The latter also includes a conceivable case where
different modified SRMVs are transmitted for iterating
cycles in the same region or block, for reasons such as a
reduction in computational complexity.

[0166] This modification example described the encoding
apparatus and decoding apparatus, but the same modifica-
tion can be applied to the processing flows shown in FIGS.
9 to 11. In this case, the generation of virtual HR image 119,
described above in the super resolution process 805 in FIG.
10, is carried out by the method described above, though not
shown. The image encoding process or image decoding
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process in this modification example can be carried out by
a computer system according to a program, as described in
FIG. 12.

(9) Modification Example Concerning Utilization of
Reference HR Image

[0167] FIGS. 5 and 7 show the example wherein the
quality sharpening process is carried out using the HR
motion information 112, but the quality sharpening process
can also be implemented by a method without use of the HR
motion information in the high-resolution motion compen-
sator 314. In this case, the motion compensator 421 (521)
detects the HRMYV, using a plurality of reference HR images
107, reconstructed HR image 123 outputted from the coding
noise estimator 412 (512), and pixel data previously modi-
fied by the quality improving process on a virtual recon-
structed HR image as a target image for resolution enhance-
ment. On this occasion, the utilization of the modified pixel
data on the reconstructed HR image is considered to
improve the searching accuracy. For example, where the
modification process is carried out in the raster scan order in
block units, the search can be performed using updated
pixels at the upper and at the left of the current block on the
updated reconstructed HR image. The quality improver 422
(522) improves the quality of reconstructed HR image 106
by use of the detected HRMV. As described in Modification
Example (2), the method of improving the quality of the
reconstructed HR image by use of the reference HR image
in the image sharpening process is not limited to one
technique. Conceivable methods include a method of syn-
thesizing pixels of two images (HR image generated using
reference HR image 107 and HRMVs, and virtual recon-
structed HR image) by partial weighted synthesis, a replace-
ment method of replacing pixels on the virtual reconstructed
HR image with pixels on the HR image generated using the
reference HR image and HRMVs, a method of optimizing
the reconstructed HR image by use of the SRMVs between
a plurality of reference HR images 107 and the virtual HR
image, and so on. Furthermore, a method of modifying the
HRMYV detected by the motion compensator 421 (521), with
use of the HR motion information 112 is also effective as a
method of enhancing the performance of the quality sharp-
ening process. In this case, the motion vector in HR motion
information 112 (modified HRMV) is a differential motion
vector between the HRMV detected in the motion compen-
sator 421 and the final HRMV. A means for preparing the
method using the HRMV described in FIGS. 5 and 7, the
method using the modified HRMV described herein, and the
method of detecting the HRMV in the motion compensator
421 (521), as methods of the quality sharpening process, and
defining selection information thereof as a component of the
HR motion information is also considered to be effective as
a method of enhancing the processing efficiency of the
quality sharpening process.

[0168] The above described the configuration wherein the
optimization of reconstructed HR image 123 (106 in FIGS.
14 and 15) was carried out using a plurality of reconstructed
LR images 102 and the SR motion information 110 in the
coding noise estimator in FIGS. 5, 7, 14, and 15, but it is
also effective to use the reference HR image 107, instead of
the reconstructed LR image 102, for a frame for which a
previously generated reconstructed HR image is available.
In this case, the reconstructed HR image 107 is inputted into
the coding noise estimator 412 in FIGS. 5 and 14 and to the
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coding noise estimator 512 in FIGS. 7 and 15. In this
modification example, an assumed model can be one with-
out the sampling models 202 in FIG. 1. The SRMVs
between virtual HR images described in the description of
FIGS. 14 and 15 can be utilized as the motion models 201.

(10) Modification Concerning Method of Using
Components of Subsidiary Data

[0169] It is not requested to transmit all the data of
components, and information uniquely determined on the
encoding side and on the decoding side can be excluded
from the components to be transmitted. For example, where
some of components can be specified using information such
as features of images simultaneously having at the encoding
side and the decoding side, the transmission of them can be
omitted. Unnecessary data in the combination of data of
components can also be excluded from the components to be
transmitted. For example, when a method of indicating
whether a subsidiary motion vector is transmitted is applied
to each block, the block location information does not need
to be transmitted, and transmission of the subsidiary motion
vector is also unnecessary according to circumstances. In the
case where it is indicated that the SRMV in an arbitrary
region or block is not effective to generation of the recon-
structed HR image, as described in Modification Example
(4), transmission of the modified SRMV is not necessary,
either. Furthermore, instead of the method of controlling
transmission of data of some of the components on the basis
of an implicit rule on the encoding side and on the decoding
side, it is also possible to adopt a method of explicitly
indicating the components to be transmitted, by making the
components include mode information indicating which
data of components are to be transmitted.

[0170] A method of hierarchically transmitting the data of
components in segments such as sequence units, frame units,
slice units (each slice consisting of a plurality of blocks), or
block units is also an effective means for reducing the
number of codes, as a method of transmitting the subsidiary
data. Namely, the number of coding bits can be reduced by
hierarchically transmitting the data of components accord-
ing to their roles. In this case, information transmitted in an
upper layer does not have to be transmitted in a lower layer.
For example, where the block size is transmitted as subsid-
iary information in frame units, it does not have to be
transmitted in the subsidiary motion information in block
units. In this case, it is also effective to adopt a method of
explicitly indicating to the decoding side the mode infor-
mation according to a combination of transmission patterns
or transmission groups, while classifying the data of com-
ponents transmitted in block units, into several transmission
patterns (different combinations of component data) or
transmission groups (classes of component data). A further
potential method is to transmit the mode information as
information in slice units or in frame units, which can be said
to be effective as a method of performing a control reflecting
a change of tendency of image in region or frame units.

[0171] Another subsidiary data transmission method is a
method of classifying the data of components into several
groups according to their localities and transmitting infor-
mation indicating whether values of components in each
group are to be changed or not. It is believed that this method
can reduce the number of codes of subsidiary data. A rule is
preliminarily defined so as to apply just previously trans-
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mitted values or default values to data in a group without
change. Data of components for a group with change is
transmitted as subsidiary data.

[0172] There are no restrictions on the components of LR
motion information, modified SR motion information, and
HR motion information, as described in Modification
Example (4). For example, a conceivable method is one of
transmitting types of the LR motion information, modified
SR motion information, and HR motion information (data
types 702) in block units. The mode information explicitly
indicating the combination of data of components in the
subsidiary motion information, and the transmission method
is also included in the modification example of components.
This mode information transmission method is not limited to
the modified SR motion information, but can also be applied
to the LR motion information and the HR motion informa-
tion.

[0173] Furthermore, it is also effective to adopt a method
of explicitly indicating the utilization method of the modi-
fied SR motion information described in Modification
Example (8), as data of components, and it permits the
processing on the decoding side to be efficiently carried out
according to the information obtained on the encoding side
by use of the original image. This utilization method of
subsidiary motion information is not limited to the modified
SR motion information, either, but it is also applicable
similarly to the utilization methods of the LR motion infor-
mation and HR motion information. The information of the
utilization method includes an application method of sub-
sidiary motion information (to use the subsidiary motion
information without execution of the motion search in the
decoder, or to adjust the subsidiary motion information in
the decoder), and an adjustment method in the adjustment
case (to generate the motion vector in finer units or to adjust
the pixel accuracy of the motion vector). It also includes
information indicating the correspondence to the iterating
process described in Modification Example (8) (to apply the
subsidiary motion information to all the iterating processes,
or to apply it to only a specific iterating cycle in the process),
or information indicating a specific cycle in the iterating
process. A conceivable method indicating utilization of
subsidiary motion information is a method of transmitting
information indicating a purpose of use of subsidiary motion
information (a reduction in computational complexity or an
improvement in the quality of reconstructed HR image) to
the receiving side and thereby changing the processing on
the receiving side.

[0174] On the other hand, concerning the motion vector
density information 707, there are other conceivable
examples such as a method of indicating the number of
motion vectors and a method of uniquely determining it
according to the block size information, without transmitting
the motion vector density information 707 to the receiving
side.

[0175] Furthermore, concerning the LR motion informa-
tion, there are a method of newly adding the LRMV to a
block without a DECMYV, and a method of changing values
of a DECMYV in a block therewith into a different LRMV.
Therefore, it is also possible to adopt a method of explicitly
transmitting the LRMV utilization information, instead of
generating it from the DECMV. In this case, the motion
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information with higher accuracy can be provided for the
resolution enhancement process if the block size is included
as a component.

[0176] First of all, a modification example of the HR
motion information is a method of motion estimation. By
adopting adaptive selection between a method of carrying
out the motion estimation between reconstructed HR images
(Modification Example (9)) and a method of carrying out the
motion estimation by use of the original HR image and
transmitting the selected motion estimation method as data
of' a component in the HR motion information, it becomes
feasible to achieve a reduction in the number of codes of the
HR motion information and optimization of the quality of
the reconstructed HR image. In addition, concerning the
quality improving process (process of improving the quality
of the reconstructed HR image by use of the reference HR
image), there are also several candidates such as the
weighted synthesis method and the replacement method
with the reference HR image, and thus an improvement in
the quality of the reconstructed HR image can be expected
by explicitly transmitting the information indicating the
synthesis method.

[0177] There are also conceivable modifications of the SR
motion information. For example, the SRMV is data indi-
cating the time-space correspondences between LR and HR
images in FIG. 5, whereas it represents data indicating the
time-space correspondences between. HR images or
between LR images in FIG. 14, as being different in
expression. When this difference is explicitly transmitted in
frame units or in block units, it becomes feasible to achieve
an improvement in the quality according to local features
and, in turn, to achieve a further improvement in the image
quality. By adding this information to the components in the
modified SR information and transmitting it instead of the
modified SRMYV, it becomes feasible to enhance the detec-
tion accuracy of the SRMV, without transmission of the
modified SRMV. Candidates for the virtual HR image used
in the detection of the SRMV include the enlarged image
and the reference HR image, as shown in FIGS. 14 and 15,
and either of them can be selected. An improvement in the
detection accuracy of the SRMV can also be expected by
adding the reference image information for explicitly select-
ing the type of the virtual HR image, to the components of
the modified SR information. This configuration does not
require the transmission of the modified SRMV, either.

[0178] A conceivable modification example of the modi-
fied SR motion information, except for the above, is reso-
Iution information of the modified SRMV (whether it is the
MYV of LR image level or the MV of HR image level). By
transmitting this data, it becomes feasible to explicitly
indicate the resolution suitable for a local feature of a region.
Another conceivable configuration is a case where an effec-
tive number of iteration times is explicitly indicated to
inform the receiving side that a search for SRMV does not
have to be performed again in a region of interest, after the
specified number of iteration times. This information sup-
presses waste motion search transactions.

(11) Application of Subsidiary Data

[0179] The transmission of subsidiary motion informa-
tion, and the subsidiary motion information have been
described heretofore with focus around the subsidiary
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motion vectors such as the modified SRMV. In this case,
where the useful motion vectors are transmitted to the
receiving side, the receiving side becomes able to generate
the reconstructed HR image with higher quality. On the
other hand, with focus on the motion vectors such as the
SRMYV generated in the resolution enhancement processor,
the conditions necessary for generation of the motion vector,
e.g., the method and condition for execution of the motion
search are carried out according to the rule preliminarily
determined on the receiving side. The following will
describe the motion search as an example. There are a
number of methods of the motion search suitable for various
features of images, and, in the case where the motion vectors
obtained by the search are transmitted to the receiving side,
a preferred method and condition for the motion search can
be determined on the transmitting side by use of original
data. However, in the case where the motion search is carried
out using already-decoded pixel data as in the resolution
enhancement process, it is necessary to determine its method
and condition on the receiving side having no original data.
Therefore, a method presented herein is a method wherein
the encoding side having the original data carries out the
selection of the preferred method and condition for the
motion search and transmits the information as subsidiary
motion information to the receiving side. This method also
has the effect of improving the accuracy of the motion vector
by use of the original data and the effect of reducing the time
necessary for the detection of the motion vector, and is thus
considered to be an effective means for improvement in the
quality of the reconstructed HR image and for increase of
efficiency. In order to use the reconstructed HR image in
subsequent processes, the encoding side and the receiving
side need to generate the same reconstructed HR image and
therefore the encoding side and the receiving side have to
share the method and condition for the motion search. There
is a method for sharing wherein the encoding side and the
receiving side preliminarily determine the method and con-
dition for the motion search, but, by transmitting them as
subsidiary motion information as described herein, it
becomes feasible to achieve a reduction in computational
complexity and an improvement in the quality of the HR
image according to localities of the image.

[0180] There are no restrictions in the present specification
on the types and number of motion search methods and
conditions (hereinafter referred to as motion search condi-
tion information). Examples of the types include a search
range, a motion search technique, etc., and the details will be
described later. A method of generating the motion search
condition information will be described with reference to
FIG. 13. In this case, though not shown, the reconstructed
HR image 106 is assumed to be also outputted to the
super-resolution motion compensator 313. The super-reso-
Iution motion compensator 313 puts candidates for the
motion search condition information in the modified SR
motion information 111 and inputs it into the resolution
enhancement processor 310. The resolution enhancement
processor 310 generates the SR motion information 110 and
reconstructed HR image 106 based on the motion search
condition information included in the modified SR motion
information 111. The super-resolution motion compensator
313 evaluates the motion search condition information by
use of the reconstructed HR image 106 and original HR
image (e.g., an evaluated value is the sum of absolute
errors). This process is carried out for a plurality of candi-
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dates for the motion search condition information to select
condition information providing the best evaluation result.
How to determine the generation method of motion search
condition information does not have to be limited to this
method. For example, another effective method is a method
of, instead of the comparison between the reconstructed HR
image and the original HR image, comparing the SRMV
generated in the resolution enhancement processor, with the
modified SRMV in the modified SR motion information 111
generated in the super-resolution motion compensator 313
and selecting the motion search condition information to
minimize the difference between them. In this case, the
reconstructed HR image 106 does not have to be outputted
to the super-resolution motion compensator 313.

[0181] Concerning how to transmit the motion search
condition information, there are several conceivable meth-
ods as in the case of the motion vector information. A
method of hierarchically transmitting the information in
frame units or in block units is also an effective means for
reducing the number of coding bits. For data to be trans-
mitted, conceivable methods include a method of transmit-
ting numerical values directly, and a method of preparing
several candidates and transmitting selection information.
The method of transmitting numerical values has high
degrees of freedom on one hand, but can increase the
number of coding bits on the other hand. For this reason, it
is considered to be an applicable method in the cases where
the information is transmitted in some units such as
sequence units or frame units. The method of selecting one
from candidates is basically applied to the cases of trans-
mission in block units and in pixel units.

[0182] Now we will describe an application method to the
resolution enhancement process using the subsidiary motion
vector and the motion search condition information. In the
case where the subsidiary motion information can include
the motion search condition information as in the present
modification example, different processes have to be carried
out according to the available subsidiary motion vector and
motion search condition information, as local processes in
an image area.

[0183] Where the subsidiary motion information contains
the subsidiary motion vector but does not include the motion
search condition information, the resolution enhancement
processor uses the reconstructed subsidiary motion vector to
detect the SRMV (HRMV) of the region (block), and
generates the reconstructed HR image. The details of the use
method have already been described in the section of the use
method of the modified SRMV in Modification Example (8),
and are thus omitted herein. A general method of recon-
structing the subsidiary motion vector is a method of adding
the predicted motion vector obtained by a predetermined
method, to the differential motion vector obtained by decod-
ing of subsidiary data, as described in the description of
FIG. 8, but no restrictions are imposed in the present
invention as described in Modification Example (3). For
example, where the decoded motion vector is the differential
motion vector between the SRMV (HRMV) detected by the
predetermined method and the final SRMV (HRMV), the
prediction process can be omitted because the number of
coding bits is small even with direct encoding of the
differential motion vector. Selection methods where a plu-
rality of use methods of the subsidiary motion vector are
prepared include a method of explicitly indicating an appli-
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cation method by transmitting the selection information as
subsidiary motion information, a method of uniquely deter-
mining it based on a condition (e.g., a value of data of a
component in the subsidiary motion information), and so on.

[0184] In the case where the subsidiary motion informa-
tion includes the motion search condition information but
does not contain the subsidiary motion vector, the resolution
enhancement processor detects the SRMV (HRMV) of that
region (block) according to the decoded motion search
method and condition, and uses it in the generation of the
reconstructed HR image. On this occasion, if the decoded
motion search condition information does not include some
of necessary information, a predetermined value is applied
as its information. For example, where the search range can
be a smaller search range than the predetermined value, the
information of the search range will be transmitted, which
provides the effect of reducing the computational complex-
ity necessary for the motion search.

[0185] Other conceivable examples in the case where the
subsidiary motion information includes the motion search
condition information but does not include the subsidiary
motion vector include a method of detecting the SRMV
(HRMYV) based on predetermined condition information for
motion search and thereafter modifying the detected SRMV
(HRMV) based on the decoded condition information, a
method of modifying the SRMV (HRMV) detected by a
previous iterating process, based on the decoded motion
search condition information, and so on. For example, a
small search range for modification of the SRMV (HRMV)
is transmitted, which provides the effect of making a balance
between computational complexity and search performance.
Selection methods in the case where there are a plurality of
candidates for the use method of the motion search condition
information include a method of explicitly indicating an
application method by transmitting selection information as
the subsidiary motion information, a method of uniquely
determining it based on a condition (e.g., a value of data of
a component in the subsidiary motion information), and so
on.

[0186] In the case where the subsidiary motion informa-
tion includes both of the subsidiary motion vector and the
motion search condition information, a potential method is
a method of determining the final SRMV (HRMV) from the
SRMV (HRMYV) detected based on the motion search con-
dition information and the restored subsidiary motion vector.
An example of this case is a case wherein the subsidiary
motion vector is a differential vector between the SRMV
(HRMV) detected based on the motion search condition
information, and the final SRMV (HRMYV). For example, the
motion search condition information is switched in high
layer units such as frame units or slice units, while only a
difference from an estimate is encoded for a motion vector
requiring the accuracy of block unit or higher, which can
reduce the number of coding bits. This is effective in a
region where variation of motion vectors is too large to
maintain satisfactory performance of the motion vector
estimation using motion vectors in adjacent regions. Another
method is a procedure of detecting a rough motion vector
based on the motion search condition information by small
computational complexity and adding it to the differential
motion vector, which also has the effect of reducing the
computational complexity of the motion search.
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[0187] Another example in the case where the subsidiary
motion information includes both of the subsidiary motion
vector and the motion search condition information, is a
method of modifying the reconstructed subsidiary motion
vector based on the motion search condition information and
defining the modified subsidiary motion vector as a final
motion vector. This method enables the following operation:
the subsidiary motion vector is transmitted for a wide region
(block) and the transmitted subsidiary motion vector is
modified into a motion vector of a narrower region (block or
pixel) based on the motion search condition information. For
this reason, the number of coding bits can be reduced. Still
another method is a method of modifying the SRMV
(HRMV) by the subsidiary motion vector and readjusting
the modified SRMV (HRMV) based on the motion search
condition information.

[0188] A conceivable method for indicating the existence
of the subsidiary motion vector and the motion search
condition information is, for example, a method of explicitly
indicating it as mode information as described in the first
half of Modification Example (10). If the hierarchical trans-
mission is applied for each of the parameters such as the
method and condition contained in the motion search con-
dition information, the number of codes can be reduced.

[0189] There is a case where the subsidiary motion infor-
mation includes neither the subsidiary motion vector nor the
motion search condition information, and an example will
be described as a procedure of the resolution enhancement
process in that case. A situation is a case where the subsid-
iary motion information includes information indicating that
the motion vector in that region (block) is not valid for
generation of the reconstructed HR image. In this case, the
resolution enhancement processor does not carry out the
motion search for the SRMV (HRMV) of that region
(block), and generates the reconstructed HR image without
use of the SRMV (HRMV) of that region. Let us explain it
using the aforementioned Non-patent Document 1 (the
model in FIG. 1) as an example. Potential methods include
a method of replacing the disabled motion vector with a
motion vector generated by interpolation using motion vec-
tors of adjacent pixels, for the matrix C (d_lk), and a method
of setting the filter coefficient corresponding to the disabled
motion vector to 0 in the matrix H and then adjusting the
filter coefficient corresponding to a pixel associated with the
disabled motion vector. Another case without the subsidiary
motion vector nor the motion search condition information
is a situation where the subsidiary motion information
includes a number of times of iterations where the update
process of the SRMV (HRMV) of that region (block)
becomes valid. In this case, the resolution enhancement
processor does not again perform a search for the SRMV
(HRMV) of that region in iterating processes after the
specified number of times of iterations, but carries out the
generation of the reconstructed HR image.

[0190] The following will describe examples of conditions
necessary for the motion search.

[0191] a) Motion Detection Method

[0192] FIG. 2 was described using the block matching
method as the motion detection method, but available
motion search methods include a plurality of techniques
such as the gradient method (e.g., Japanese Patent No.
3271369 (Reference Document 6)), the pixel matching
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method (e.g., Japanese Patent No. 2934151 (Reference
Document 7)), and the template matching method (e.g.,
Japanese Patent Application Laid-Open No. 1-228384 (Ret-
erence Document 8)). The effectiveness of these techniques
differs depending upon features of regions in an image.
Therefore, if the decoding side is notified of an appropriate
technique as a condition for the motion search, we can
expect an improvement in the performance of motion detec-
tion on the decoding side.

[0193] b) Search Range and Search Center

[0194] In a search for motion, enormous computational
complexity will be needed if the search is carried out over
the entire image. Therefore, a search range is normally
defined and the search is conducted in that range. The
preferred search range differs according to features of image
regions, and thus the condition thereof will cause large effect
on the search result. Therefore, if an appropriate search
range is explicitly transmitted to the decoding side, the
decoding side can perform a wasteless motion search. By
appropriately setting the center of the search range, it
becomes feasible to narrow the search range. Therefore, by
explicitly transmitting a method of determining the search
center to the decoding side, it becomes feasible to increase
the processing efficiency associated with the motion search
on the decoding side. Potential methods of determining the
motion search center include, for example, a method of
making use of an amount of motion estimated from the
motion search results of adjacent regions, a method of
defining the motion amount of O as the search center, and so
on. FIG. 16 shows an example of block matching. In the
drawing al100 denotes a current frame, al01 a search target
block, a200 a reference frame, and a201, which is spatially
identical to the block al01, a block on the reference frame.
Reference symbol a202 represents a motion vector of an
adjacent block to al101 and is used for setting a search center
a204 for the block a101. Motion vector a203 and predicted
block a205 are detected by setting search range a206 around
the search center a204 and performing a search in the search
range. As a motion vector for determining the search center,
a motion vector determined using candidates of motion
vectors of three blocks adjacent left, above, and right above
to the block al101 and median value of respective compo-
nents thereof is frequently used in the motion search in the
encoder.

[0195] c¢) Search Block Size

[0196] Concerning units for execution of the motion
search, the appropriate size also differs depending upon
features of image regions. For example, in the case of the
block matching, a plurality of search block sizes are pre-
pared, and the search block size is transmitted in sequence
units, frame units, slice units, or block units (larger than the
search block size) to the decoding side, which can improve
the accuracy of the motion search. There are also cases
where the motion search is not carried out in block units but
in units of arbitrary shape. In this case, information to be
transmitted is shape information (triangular patch or the
like), a method of division of regions, or the like.

[0197] d) Motion Search Method

[0198] In execution of the motion search, the search over
the entire search range will require high computational
complexity, and thus a conceivable method is to perform a
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thinning search in the search range. By providing a function
of explicitly transmitting the method of the motion search to
the decoding side, it becomes feasible to adjust the compu-
tational complexity and search performance. Available
motion search methods include the full search of performing
the search all over in the search range, the tree search of
narrowing down the motion based on the procedure of
performing the search at intervals of several pixels vertical
and horizontal and further performing the search at narrower
pixel intervals around a position found by the rough search,
and so on. Another effective technique to reduce the com-
putational complexity is the hierarchical search that is not a
single search in the search range, but a search method of
performing a search in a large block size in a large search
range, defining a search center based on the result of the first
search, and further performing a second search in a small
block size in a smaller search range. In this hierarchical
search, the search range and search block size have to be
transmitted according to the number of layers.

[0199] e) Search Order

[0200] There are several methods of defining the search
order in execution of the motion search: e.g., a method of
performing the search in the raster scan order from upper left
to lower right in the range of the motion search, and a
method of performing the search in a spiral order from the
center of the motion search range toward the outside. If the
search order is explicitly transmitted to the decoding side,
the encoding side and the decoding side can obtain the same
result. There are cases where a condition for suspension of
the search is provided in order to increase the speed. By also
explicitly transmitting this search suspension condition (a
threshold of prediction error or the like) to the decoding side,
it becomes feasible to reduce the operation time necessary
for the motion search in the decoder.

[0201] f) Motion Detection Accuracy

[0202] Concerning the motion detection accuracy in the
motion search, the standard systems such as MPEG actually
use a plurality of accuracies such as a plurality of 1-pixel
accuracy, ¥2-pixel accuracy, %-pixel accuracy, and Ys-pixel
accuracy. By also transmitting this search accuracy to the
decoding side, it becomes feasible to achieve optimization
of the operation time and image quality. Concerning how to
generate real number pixels, a method thereof is transmitted
to the decoding side, whereby it becomes feasible to achieve
optimization of the image quality.

[0203] ¢) Evaluation Function

[0204] A plurality of methods are used as the evaluation
function in execution of the motion search: i.e., the block
absolute sum of prediction error signal, the sum of the
squared error, the evaluated value calculated from the abso-
Iute sum of prediction error signal and the number of motion
vector coding bits, and so on. By adopting a configuration
wherein the encoding side having original data selects one of
the evaluation functions and transmits information on the
selected one to the decoding side, it becomes feasible to
achieve optimization of the operation time and motion
search performance. There are various conditions other than
the above, including the motion models (translation model,
affine transformation model, and projective transformation
model) and the motion search methods (forward and back-
ward).
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[0205] The above described the methods of encoding and
transmitting the necessary condition for the generation of the
motion vector on the presumption of the resolution enhance-
ment process, and it is noted that the procedure of transmit-
ting the necessary condition for the generation of the motion
vector to the receiving side is applicable without restrictions
to the apparatus and software for generating the motion
vector on the receiving side. For example, it can be applied
to the video coding or the like to generate the motion vector
on the decoding side. FIG. 17 illustrates a method of
performing a search for a motion vector on the decoding side
with use of pixel data already decoded in the video coding
system. Reference symbol a200 indicates a previous frame
already decoded, and a100 a current frame as a target to be
encoded. The frame a100 is encoded in the raster scan order
from upper left to lower right in block units, and the drawing
shows that blocks in a region al03 (seven blocks) have
already been encoded and decoded. In performing a search
for a motion vector of block al0l, a template al08 is
constructed from decoded pixel data in the decoded region,
and a region a208 to minimize the error sum in the template
is detected. At this time, a203 is detected as a motion vector
and block a205 is defined as a predicted block for the block
al01. The encoding side encodes an error block between
encoded block al101 and predicted block a205, but does not
encode the motion vector. The decoding side performs the
motion search under the same condition as the encoding
side, to detect the motion vector. Then the decoding side
adds the decoded error block to a predicted block generated
according to the motion vector detected on the decoding
side, to obtain reconstructed values of the encoded block. In
the video coding including the process of generating the
information associated with the motion vector on the decod-
ing side as described above, therefore, it becomes feasible to
improve the performance of the motion search on the
encoding side, by determining the condition for execution of
the motion search on the encoding side having the original
data and by transmitting the condition to the decoding side.
The hierarchical transmission method is effective as an
encoding method of the necessary condition for the genera-
tion of the motion vector. FIG. 20 shows a general data
structure of video coding, and general video data is com-
posed of sequence header b11 indicating an encoding con-
dition of an entire sequence, frame header b12 indicating an
encoding condition of each frame unit, slice header b13
indicating an encoding condition of each slice unit, block
header b14 indicating an encoding condition of each block
unit for the motion vector, the prediction method, etc., and
block data b15 including encoded data of prediction error
signal. The efficiency of coding can be increased by per-
forming the coding while sorting the various conditions
necessary for generation of the motion vector into the four
types of header information according to their locality.

[0206] FIGS. 18 and 19 show examples of the coding
apparatus and decoding apparatus for video coding to gen-
erate the motion vector on the decoding side. FIG. 18 shows
a configuration of the encoding apparatus. A current frame
al00 is divided into encoding blocks al01 by block divider
c102. Each encoding block al01 is inputted into motion
search condition determiner c112 and to subtracter c103.
The motion search condition determiner c112 outputs can-
didates c115 for the necessary condition for generation of
the motion vector, to motion searcher c114. Among the
conditions necessary for generation of the motion vector, the
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conditions selected in sequence units and in frame units are
selected in advance by the motion search condition deter-
miner, using the original image. A selection method is, for
example, to carry out the motion search process using the
original image for a plurality of candidates for the condition
and thereby select an appropriate condition. The motion
searcher c114 derives decoded previous frame a200 and
template al08 from frame memory c111 and detects motion
vector a203 based on the condition c115 necessary for
generation of the motion vector. Motion compensator c113
derives predicted block ¢121 corresponding to the motion
vector a203 from decoded previous frame a200 derived from
frame memory c111, and outputs it to motion search con-
dition determiner c112. The motion search condition deter-
miner ¢112 compares the predicted block ¢121 correspond-
ing to the plurality of candidates for the necessary condition
for generation of the motion vector, with the input block
al01 to determine predicted block a205 providing the mini-
mum value of the sum of absolute difference of prediction
error. The condition selected at that time is inputted as
condition c¢117 necessary for generation of the motion vector
into motion search condition encoder c120. The motion
search condition encoder c120 encodes the necessary con-
dition for generation of the motion vector and outputs the
encoded information to an entropy encoder. There are no
restrictions on the encoding method, but it is possible to use
the method of separation in the hierarchical structure or into
groups as described above, the method of restricting the
components to be coded, using the mode information, the
method of transmitting numeral values as they are, the
method of preparing several candidates for coding informa-
tion and selecting one of them, the method of encoding a
difference from a predicted value estimated from an adjacent
block, or the like.

[0207] The predicted block 205 is inputted into subtracter
c103 and to adder c108. The subtracter c103 calculates error
block c104 between input block al01 and predicted block
a205 and outputs it to error block encoder c¢105. The error
block encoder ¢105 performs an encoding process of the
error block and outputs encoded error data c106 to entropy
encoder c110 and to error block decoder ¢107. The error
block decoder c107 decodes the encoded error data to
reconstruct reconstructed error block c118, and outputs it to
the adder c108. The adder c¢108 performs addition of recon-
structed error block c¢118 and predicted block c205 to
generate reconstructed block ¢109, and combines it with the
reconstructed image of the current frame in the frame
memory. Finally, the entropy encoder ¢c110 combines the
encoded error data c¢106, information c119 indicating the
necessary condition for generation of the motion vector, and
various header information, and outputs encoded data c116.

[0208] FIG. 19 shows a configuration of the decoding
apparatus. Encoded data c¢116 is decoded into decoded data
d102 by an entropy decoder, and separator d103 separates
the data into encoded error data ¢106 and information c119
indicating the necessary condition for generation of the
motion vector. The information ¢119 indicating the neces-
sary condition for generation of the motion vector is
decoded into condition ¢117 necessary for generation of the
motion vector by motion search condition decoder d109.
Motion searcher d107 derives decoded previous frame a200
and template a108 from frame memory d106, and detects
motion vector a203 based on the condition ¢117 necessary
for generation of the motion vector. Motion compensator
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d108 derives predicted block a205 corresponding to the
motion vector a203 from the decoded previous frame a200
derived from frame memory d111, and outputs it to adder
d105. Error block decoder d104 decodes the encoded error
data to reconstruct reconstructed error block c118, and
outputs it to the adder d105. The adder d105 performs
addition of the reconstructed error block c118 and predicted
block ¢205 to generate reconstructed block ¢109, and com-
bines it with the reconstructed image of the current frame in
the frame memory.

[0209] In the example of video coding, there is also a
conceivable case where the block has both of the motion
vector and the necessary condition for generation of the
motion vector. In this case, the decoder modifies the decoded
motion vector based on the necessary condition for genera-
tion of the motion vector. In another example, the decoder
generates a final motion vector from the motion vector
generated based on the necessary condition for generation of
the motion vector, and the decoded motion vector. In this
case, the decoded motion vector is considered to be a
differential motion vector between the motion vector gen-
erated by the decoder and the final motion vector. As
described above, the method of transmitting both the nec-
essary condition for generation of the motion vector, and the
motion vector to the receiving side can be applied to the
apparatus and software for generating the motion vector on
the receiving side.

[0210] This modification example described the encoding
apparatus and decoding apparatus, and it is noted that the
same modification can also be made for the encoding and
decoding process flows. The image encoding process or
image decoding process of this modification example can be
implemented by a computer system according to a program,
as described in FIG. 12.

[0211] FIGS. 21 and 22 show the block processing in the
encoding process flow and in the decoding process flow to
carry out the present modification example. Description will
be omitted for the encoding and decoding of the sequence
header and frame header, but the encoding process is
arranged so that, among the conditions necessary for gen-
eration of the motion vector, the information to be transmit-
ted in frame units and in sequence units is selected in those
units. A method of the selection is to apply the motion search
using the original image, as shown in the description of FIG.
18. In the decoding process, the encoded data of the
sequence header and frame header is stored after decoded,
and is used on the occasion of performing the decoding
process of each block.

[0212] The block processing of the encoding process flow
to carry out the present modification example will be
described with reference to FIG. 21. After start process c201
of block encoding, process ¢202 is to input a next block to
be coded. Process c203 is to select one of candidates for the
necessary condition for generation of the motion vector.
Process ¢204 is to detect the motion vector by use of the
decoded image and template, as shown in FIG. 17, accord-
ing to the condition. Process c205 is to acquire a predicted
block corresponding to the motion vector from the decoded
image. Process c206 is to evaluate the sum of absolute
difference of the prediction error between the coding block
and the predicted block. The processes c203-c206 are
repeated for the plurality of candidates for the necessary
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condition for generation of the motion vector, to select the
condition for generation of the motion vector, and the
predicted block to minimize the prediction error absolute
sum. Process ¢207 is to perform subtraction between pixels
of the coding block and the predicted block to generate an
error block. Process c208 is to encode the error block (e.g.,
discrete cosine transformation and quantization). Process
c209 is to decode the error block (e.g., inverse quantization
of quantization transformation coefficients and inverse dis-
crete cosine transformation). Process ¢210 is to perform
addition of the decoded error block and the predicted block
to reconstruct the decoded block. Process ¢211 is to perform
entropy coding of the coding information of the error block
(quantization transformation coefficients) and the informa-
tion indicating the necessary condition for generation of the
motion vector, selected in process c206, to generate encoded
data, and process ¢212 is to terminate the block encoding
process.

[0213] The block processing of the decoding process flow
to carry out the present modification example will be
described with reference to FIG. 22. After start process d201
of block decoding, process d202 is to input encoded data
corresponding to a next block to be decoded. Process d203
is to perform entropy decoding of the encoded data to
acquire the necessary condition for generation of the motion
vector and the coding information of the error block. Process
d204 is to detect the motion vector by use of the decoded
image and template, as shown in FIG. 17, according to the
condition. Process d205 is to acquire the predicted block
corresponding to the motion vector from the decoded image.
Process d206 is to decode the coding information of the error
block (e.g., inverse quantization of quantization transforma-
tion coefficients and inverse discrete cosine transformation).
Process d207 is to perform addition of the decoded error
block and the predicted block to reconstruct the decoded
block, and process d208 is to terminate the block decoding
process.

[0214] In the case that the information associated with the
motion vector, such as the reference frame, the prediction
mode (unidirectional prediction or bidirectional prediction),
or the generation method of the predicted block (method of
generating one predicted block from two predicted blocks)
in addition to the motion vector, is generated at decoding
side, the necessary conditions for generation of these infor-
mation are determined at the coding side and they are
transmitted to the decoding side so that the generation
performance of the information can be improved. They also
contain conditions for modification of the information once
generated.

What is claimed is:
1. An image decoding apparatus comprising:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

subsidiary data decoding means for receiving and decod-
ing subsidiary data to acquire subsidiary motion infor-
mation; and

resolution enhancing means for generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images, based on the subsid-
iary motion information acquired by the subsidiary data
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decoding means, and for generating a high-resolution
image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
motion vectors and the plurality of reconstructed
images acquired by the video data decoding means.
2. The image decoding apparatus according to claim 1,
wherein the subsidiary motion information contains subsid-
iary motion vectors, and

wherein the resolution enhancing means uses the subsid-
iary motion vectors as the motion vectors.
3. The image decoding apparatus according to claim 1,
wherein the subsidiary motion information contains subsid-
iary motion vectors, and

wherein the resolution enhancing means detects interme-
diate motion vectors, using the plurality of recon-
structed images, and generates the motion vectors by
addition of the intermediate motion vectors and the
subsidiary motion vectors.
4. The image decoding apparatus according to claim 1,
wherein the subsidiary motion information contains subsid-
iary motion vectors, and

wherein the resolution enhancing means defines the sub-
sidiary motion vectors as initial motion vectors of the
motion vectors, and updates the initial motion vectors
by use of the plurality of reconstructed images to
generate the motion vectors.

5. The image decoding apparatus according to claim 1,
wherein the subsidiary motion information contains a
motion vector generation condition as a necessary condition
for generation of the motion vectors, and

wherein the resolution enhancing means generates the
motion vectors based on the plurality of reconstructed
images on the basis of the motion vector generation
condition.

6. An image encoding apparatus comprising:

image sampling means for converting a high-resolution
image into low-resolution images;

video data encoding means for encoding the plurality of
low-resolution images generated by the image sam-
pling means, to generate encoded video data;

video data decoding means for decoding the encoded
video data generated by the video data encoding means,
to acquire reconstructed low-resolution images;

subsidiary motion information generating means for gen-
erating subsidiary motion information necessary for
generation of motion vectors, using the high-resolution
image or the low-resolution images;

resolution enhancing means for generating the motion
vectors representing time-space correspondences
between the plurality of reconstructed low-resolution
images acquired by the video data decoding means,
based on the subsidiary motion information generated
by the subsidiary motion information generating
means, and for generating a reconstructed high-resolu-
tion image, using the generated motion vectors and the
plurality of reconstructed low-resolution images; and

subsidiary data encoding means for encoding the subsid-
iary motion information generated by the subsidiary
motion information generating means, as subsidiary
data.
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7. An image decoding apparatus comprising:

coded data decoding means for receiving and entropy-
decoding coded data to acquire a motion vector gen-
eration condition as a necessary condition for genera-
tion of motion vectors, and coding information
indicating prediction error image signals;

an image memory for storing decoded image signals;

motion vector generating means for generating the motion
vectors based on the decoded image signals stored in
the image memory, on the basis of the motion vector
generation condition acquired by the coded data decod-
ing means;

predicted image signal generating means for generating
predicted image signals, using the motion vectors gen-
erated by the motion vector generating means and the
decoded image signals;

decoding means for decoding the coding information
acquired by the coded data decoding means, to acquire
the prediction error image signals; and

storing means for adding the predicted image signals
generated by the predicted image signal generating
means, to the prediction error image signals acquired
by the decoding means, to reconstruct the decoded
image signals, and for storing the decoded image
signals into the image memory.

8. An image encoding apparatus comprising:

inputting means for inputting input image signals;
an image memory for storing decoded image signals;

motion vector generation condition determining means
for determining a motion vector generation condition as
a necessary condition for generation of motion vectors,
based on the input image signals inputted by the
inputting means;

motion vector generating means for generating the motion
vectors based on the decoded image signals stored in
the image memory, on the basis of the motion vector
generation condition determined by the motion vector
generation condition determining means;

predicted image signal generating means for generating
predicted image signals, using the decoded image sig-
nals and the motion vectors generated by the motion
vector generating means;

prediction error image signal generating means for gen-
erating prediction error image signals based on the
input image signals inputted by the inputting means and
the predicted image signals generated by the predicted
image signal generating means;

coding information acquiring means for encoding the
prediction error image signals generated by the predic-
tion error image signal generating means, to acquire
coding information;

local decoding means for decoding the coding informa-
tion acquired by the coding information acquiring
means, to acquire decoded prediction error image sig-
nals;

storing means for reconstructing the decoded image sig-
nals based on the predicted image signals generated by
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the predicted image signal generating means and the
decoded prediction error image signals acquired by the
local decoding means, and for storing the decoded
image signal into the image memory; and

coded data generating means for entropy-encoding the
motion vector generation condition determined by the
motion vector generation condition determining means
and the coding information acquired by the coding
information acquiring means, to generate coded data.
9. An image decoding apparatus comprising:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

subsidiary data decoding means for receiving and decod-
ing subsidiary data to acquire subsidiary motion infor-
mation; and

resolution enhancing means for generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images acquired by the video
data decoding means and a high-resolution image, and
for generating the high-resolution image with a spatial
resolution higher than that of the plurality of recon-
structed images, using the generated motion vectors
and the plurality of reconstructed images,

wherein the resolution enhancing means iteratively car-
ries out a motion vector generating process of gener-
ating the motion vectors on the basis of the subsidiary
motion information acquired by the subsidiary data
decoding means and a previously generated high-reso-
Iution image, and a high-resolution image generating
process of generating a high-resolution image based on
the generated motion vectors and the plurality of recon-
structed images.

10. The image decoding apparatus according to claim 9,
wherein the resolution enhancing means carries out the
motion vector generating process based on the subsidiary
motion information in each of iterations of the motion vector
generating process and the high-resolution image generating
process.

11. The image decoding apparatus according to claim 9,
wherein the subsidiary motion information contains specific
cycle information representing a specific cycle in iterations
of the motion vector generating process and the high-
resolution image generating process, and

wherein the resolution enhancing means carries out the
motion vector generating process based on the subsid-
iary motion information, in the motion vector generat-
ing process in the specific cycle represented by the
specific cycle information.

12. An image decoding apparatus comprising:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

an image memory for storing a high-resolution image
resulting from resolution enhancement;

resolution enhancing means for generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images, for generating a first
high-resolution image with a spatial resolution higher
than that of the plurality of reconstructed images, using
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the generated motion vectors and the plurality of recon-
structed images acquired by the video data decoding
means, and for generating a second high-resolution
image, using the generated first high-resolution image
and the high-resolution image stored in the image
memory; and

image storing means for storing the first or second high-
resolution image generated by the resolution enhancing
means, into the image memory.

13. An image decoding apparatus comprising:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

subsidiary data decoding means for receiving and decod-
ing subsidiary data to acquire subsidiary motion infor-
mation;

an image memory for storing a high-resolution image
resulting from resolution enhancement;

resolution enhancing means for generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images, for generating a first
high-resolution image with a spatial resolution higher
than that of the plurality of reconstructed images, using
the generated motion vectors and the plurality of recon-
structed images acquired by the video data decoding
means, and for generating a second high-resolution
image by use of the generated first high-resolution
image and the high-resolution image stored in the
image memory, based on the subsidiary motion infor-
mation acquired by the subsidiary data decoding
means; and

image storing means for storing the first or second high-
resolution image generated by the resolution enhancing
means, into the image memory.

14. An image decoding apparatus comprising:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images and reconstructed motion vectors;

subsidiary data decoding means for receiving and decod-
ing subsidiary data to acquire subsidiary motion infor-
mation necessary for modification of the reconstructed
motion vectors; and

resolution enhancing means for generating motion vector
representing time-space correspondences between the
plurality of reconstructed images and for generating a
high-resolution image with a spatial resolution higher
than that of the plurality of reconstructed images, using
the generated motion vectors and the plurality of recon-
structed images acquired by the video data decoding
means,

wherein the resolution enhancing means defines recon-
structed motion vectors modified based on the subsid-
iary motion information acquired by the subsidiary data
decoding means, as initial motion vectors of the motion
vectors, and updates the initial motion vectors by use of
the plurality of reconstructed images to generate the
motion vectors.
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15. An image decoding method comprising:

a video data decoding step of receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

a subsidiary data decoding step of receiving and decoding
subsidiary data to acquire subsidiary motion informa-
tion; and

a resolution enhancing step of generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images, based on the subsid-
iary motion information acquired in the subsidiary data
decoding step, and generating a high-resolution image
with a spatial resolution higher than that of the plurality
of reconstructed images, using the generated motion
vectors and the plurality of reconstructed images
acquired in the video data decoding step.

16. An image encoding method comprising:

an image sampling step of converting a high-resolution
image into low-resolution images;

a video data encoding step of encoding the plurality of
low-resolution images generated in the image sampling
step, to generate encoded video data;

a video data decoding step of decoding the encoded video
data generated in the video data encoding step, to
acquire reconstructed low-resolution images;

a subsidiary motion information generating step of gen-
erating subsidiary motion information necessary for
generation of motion vectors, using the high-resolution
image or the low-resolution images;

a resolution enhancing step of generating the motion
vectors representing time-space correspondences
between the plurality of reconstructed low-resolution
images acquired in the video data decoding step, based
on the subsidiary motion information generated in the
subsidiary motion information generating step, and
generating a reconstructed high-resolution image,
using the generated motion vectors and the plurality of
reconstructed low-resolution images; and

a subsidiary data encoding step of encoding the subsidiary
motion information generated in the subsidiary motion
information generating step, as subsidiary data.

17. An image decoding method comprising:

a coded data decoding step of receiving and entropy-
decoding coded data to acquire a motion vector gen-
eration condition as a necessary condition for genera-
tion of motion vectors, and to acquire coding
information indicating prediction error image signals;

a motion vector generating step of generating the motion
vectors based on decoded image signals stored in an
image memory, on the basis of the motion vector
generation condition acquired in the coded data decod-
ing step;

a predicted image signal generating step of generating
predicted image signals, using the motion vectors gen-
erated in the motion vector generating step and the
decoded image signals;

a decoding step of decoding the coding information
acquired in the coded data decoding step, to acquire the
prediction error image signals; and
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a storing step of adding the predicted image signals
generated in the predicted image signal generating step,
to the prediction error image signals acquired in the
decoding step, to reconstruct the decoded image sig-
nals, and storing the decoded image signals into the
image memory.

18. An image encoding method comprising:

an inputting step of inputting input image signals;

a motion vector generation condition determining step of
determining a motion vector generation condition as a
necessary condition for generation of motion vectors,
based on the input image signals inputted in the input-
ting step;

a motion vector generating step of generating the motion
vectors based on decoded image signals stored in an
image memory, on the basis of the motion vector
generation condition determined in the motion vector
generation condition determining step;

a predicted image signal generating step of generating
predicted image signals, using the motion vectors gen-
erated in the motion vector generating step and the
decoded image signals;

a prediction error image signal generating step of gener-
ating prediction error image signals based on the input
image signals inputted in the inputting step and the
predicted image signals generated in the predicted
image signal generating step;

a coding information acquiring step of encoding the
prediction error image signals generated in the predic-
tion error image signal generating step, to acquire
coding information;

a local decoding step of decoding the coding information
acquired in the coding information acquiring step, to
acquire decoded prediction error image signals;

a storing step of reconstructing the decoded image signals
based on the predicted image signals generated in the
predicted image signal generating step and the decoded
prediction error image signals acquired in the local
decoding step, and storing the decoded image signals
into the image memory; and

a coded data generating step of entropy-encoding the
motion vector generation condition determined in the
motion vector generation condition determining step
and the coding information acquired in the coding
information acquiring step, to generate coded data.

19. An image decoding program for letting a computer in

an image decoding apparatus function as:

video data decoding means for receiving and decoding
encoded video data to acquire a plurality of recon-
structed images;

subsidiary data decoding means for receiving and decod-
ing subsidiary data to acquire subsidiary motion infor-
mation; and

resolution enhancing means for generating motion vectors
representing time-space correspondences between the
plurality of reconstructed images, based on the subsid-
iary motion information acquired by the subsidiary data
decoding means, and for generating a high-resolution

Jun. 15, 2006

image with a spatial resolution higher than that of the
plurality of reconstructed images, using the generated
motion vectors and the plurality of reconstructed
images acquired by the video data decoding means.
20. An image encoding program for letting a computer in
an image encoding apparatus function as:

image sampling means for converting a high-resolution
image into low-resolution images;

video data encoding means for encoding the plurality of
low-resolution images generated by the image sam-
pling means, to generate encoded video data;

video data decoding means for decoding the encoded
video data generated by the video data encoding means,
to acquire reconstructed low-resolution images;

subsidiary motion information generating means for gen-
erating subsidiary motion information necessary for
generation of motion vectors, using the high-resolution
image or the low-resolution images;

resolution enhancing means for generating the motion
vectors representing time-space correspondences
between the plurality of reconstructed low-resolution
images acquired by the video data decoding means,
based on the subsidiary motion information generated
by the subsidiary motion information generating
means, and for generating a reconstructed high-resolu-
tion image, using the generated motion vectors and the
plurality of reconstructed low-resolution images; and

subsidiary data encoding means for encoding the subsid-
iary motion information generated by the subsidiary
motion information generating means, as subsidiary
data.
21. An image decoding program for letting a computer in
an image decoding apparatus function as:

coded data decoding means for receiving and entropy-
decoding coded data to acquire a motion vector gen-
eration condition as a necessary condition for genera-
tion of motion vectors, and coding information
indicating prediction error image signals;

an image memory for storing decoded image signals;

motion vector generating means for generating the motion
vectors based on the decoded image signals stored in
the image memory, on the basis of the motion vector
generation condition acquired by the coded data decod-
ing means;

predicted image signal generating means for generating
predicted image signals, using the motion vectors gen-
erated by the motion vector generating means and the
decoded image signals;

decoding means for decoding the coding information
acquired by the coded data decoding means, to acquire
the prediction error image signals; and

storing means for adding the predicted image signals
generated by the predicted image signal generating
means, to the prediction error image signals acquired
by the decoding means, to reconstruct the decoded
image signals, and for storing the decoded image
signals into the image memory.
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22. An image encoding program for letting a computer in
an image encoding apparatus function as:

inputting means for inputting input image signals;
an image memory for storing decoded image signals;

motion vector generation condition determining means
for determining a motion vector generation condition as
a necessary condition for generation of motion vectors,
based on the input image signals inputted by the
inputting means;

motion vector generating means for generating the motion
vectors based on the decoded image signals stored in
the image memory, on the basis of the motion vector
generation condition determined by the motion vector
generation condition determining means;

predicted image signal generating means for generating
predicted image signals, using the motion vectors gen-
erated by the motion vector generating means and the
decoded image signals;

prediction error image signal generating means for gen-
erating prediction error image signals based on the
input image signals inputted by the inputting means and
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the predicted image signals generated by the predicted
image signal generating means;

coding information acquiring means for encoding the
prediction error image signals generated by the predic-
tion error image signal generating means, to acquire
coding information;

local decoding means for decoding the coding informa-
tion acquired by the coding information acquiring
means, to acquire decoded prediction error image sig-
nals;

storing means for reconstructing the decoded image sig-
nals based on the predicted image signals generated by
the predicted image signal generating means and the
decoded prediction error image signals acquired by the
local decoding means, and for storing the decoded
image signals into the image memory; and

coded data generating means for entropy-encoding the
motion vector generation condition determined by the
motion vector generation condition determining means
and the coding information acquired by the coding
information acquiring means, to generate coded data.
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