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[Document Name]Description
[Title of the invention]METHOD AND APPARATUS FOR PROCESSING IMAGE
[Technical field]

[0001]The present invention relates to an image processing apparatus and an image processing method,
and is applicable to, for example, an image processing apparatus and an image processing method
having a super-resolution processing function of outputting a high-resolution image with a resolution

higher than that of an input image compression-encoded by an MPEG standardization technique.
[Background of the invention)

[0002]Conventionally, in order to perform inter-frame processing by super-resolution processing on a
decoded image sequence of compression-coded data (hereinafter, also referred to as MPEG data) of an
image compression-coded by an MPEG standardization technique, it is necessary to perform motion
search between a current processing target image and a reference image, detect a motion vector, and

determine its validity.

[0003]The super-resolution processing is processing for outputting an image having a resolution higher
than that of an input image, and expands the input image to a high-resolution image based on a plurality
of low-resolution images and an estimated motion amount between the images. In order to estimate the

motion amount, it is necessary to perform a motion search and determine the validity of a motion vector
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obtained by the motion search.

[0004]Patent Document 1 describes a video recording system that converts image data captured by a
monitoring camera into high-definition image data and stores the high-definition image data. An MPEG
processing part for compression-encoding camera video data by an MPEG standardization technique
gives a macro block, a motion vector and frame data (I frame or P frame) to a super-resolution
processing part, and the super-resolution processing part performs super-resolution processing on the

basis of these data to output and store high-definition image data.

[0005]

[Patent document 1]JP 2005-150808A

[Disclosure of the invention]

[Problem to be solved by the invention]

[0006]However, as described above, in order to perform the inter-frame processing by the super-
resolution processing on the decoded image sequence of the decoded MPEG data, it is necessary to
perform the motion search processing with a large processing load. In addition, in order to determine
whether or not to perform inter-frame processing by super-resolution processing, predetermined
determination processing based on a motion vector is required. Therefore, since a large amount of
processing is required to perform the inter-frame processing of the super-resolution processing, it is
desired to reduce the amount of processing.

[0007]Therefore, there is a demand for an image processing apparatus and an image processing method
capable of reducing the processing amount of the inter-frame processing by the super-resolution

processing and performing the processing at a higher speed.

[Means for solving the problem]

[0008]According to an aspect of the present invention, there is provided an image processing apparatus
including: (1) a decoded image forming unit configured to capture compression-encoded image data of a
compression-encoded input image and form a decoded image based on the compression-encoded
image data; and (2) an intra-frame extension processing unit configured to form an extended image in
which a resolution of each frame is extended based on image data of the decoded image formed by the
decoded image forming unit; and (3) a coefficient determination unit configured to determine validity of
an inter-frame expansion process on a decoded image sequence based on a size of coefficient data of

arthogonal transformation of an input image included in compression-encoded image data; and (4) The



image processing apparatus is characterized by further comprising an inter-frame expansion processing
the inter-frame expansion processing based on the expanded image information whose resolution is
expanded by the intra-frame expansion unit when the coefficient determination unit determines that the
inter-frame expansion processing is valid.

[0009]An image processing method according to a second aspect of the present invention includes: (1) a
decoded image forming step in which a decoded image forming unit takes in compression-coded image
data of a compression-coded input image and forms a decoded image based on the compression-coded
image data; (2) an in-frame expansion processing step of forming an expanded image in which the
resolution of each frame is expanded based on the image data of the decoded image formed by the
decoded image forming unit, by an in-frame expansion processing unit; (3) a coefficient determination
step of determining, by coefficient determination means, the effectiveness of an inter-frame expansion
process on a decoded image sequence based on the size of coefficient data of orthogonal transformation
of an input image included in compression-encoded image data; and (4) The image processing method
further includes an inter-frame extension processing step in which the inter-frame extension processing
unit performs the inter-frame extension processing based on the extended image information whose
resolution is extended by the intra-frame extension unit when the coefficient determination unit

determines that the inter-frame extension processing is valid.

[Effect of the invention]

[0010]According to the image processing apparatus and the image processing method of the present
invention, it is possible to reduce the processing amount of the inter-frame processing by the super-
resolution processing and to perform the processing at a higher speed.

[Best mode for carrying out the invention]

[0011]
Hereinafter, a first embodiment of an image processing apparatus and an image processing method

according to the present invention will be described with reference to the drawings.

[0012]In the first embodiment, a case will be described in which the image processing apparatus and the
image processing method of the present invention are applied to an image apparatus that takes in
compression-coded data (MPEG data) compression-coded by the MPEG standardization technique,
performs super-resolution processing on the decoded data, and outputs and displays a high-resolution

image.

[0013]

FIG. 1 is a block diagram showing an internal configuration of an image processing apparatus according



to the first embodiment. As illustrated in FIG. 1, the image apparatus according to the first embodiment
includes a code reading unit 101, a motion compensation unit 102, a reference image buffer unit 103, an
intra-frame prediction unit 104, a coefficient determination unit 105, a coefficient conversion unit 106, a
current image buffer unit 107, an intra-frame extension unit 108, an extended image buffer unit 109, an
inter-frame extension unit 110, and a display unit 111. It has the synchronizer 112 at least and is
constituted.

[0014]The code reading unit 101 receives MPEG data of an image compressed and encoded by an
MPEG standardization technique from a transmission side (not shown), and reads prediction data and
coefficient data from the MPEG data.

[0015]At this time, the code reading unit 101 provides the read prediction data to the intra-frame
prediction unit 104 when the MPEG data is intra-prediction encoded, and provides the read prediction
data to the motion compensation unit 102 and the inter-frame extension unit 110 when the MPEG data is

inter-prediction encoded.

[0016]When the MPEG data is inter-predictive coded data, the code reading unit 101 supplies the read

coefficient data of each inter block to the coefficient determining unit 105,

[0017]The motion compensation unit 102 performs motion compensation based on the prediction data
(inter-prediction code data) from the code reading unit 101. That is, when the motion compensation unit
102 receives prediction data (inter-prediction encoded data) from the code reading unit 101 Reference
image data is received from the reference image buffer unit 103, prediction data (inter-prediction
encoded data) is added to the reference image data to form new reproduced image data, and the
reproduced image data is provided to the combining unit 112.

[0018]The reference image buffer unit 103 stores past reproduction image (reference image) data, is
connected to the motion compensation unit 102 and the inter-frame extension unit 110, and appropriately
provides the reference image data to the motion compensation unit 102 and the inter-frame extension
unit 110.

[0019]Upon receiving the prediction data (intra-prediction encoded data) from the code reading unit 101,
the intra-frame prediction unit 104 receives the current image data from the current image buffer unit 107
performs intra-frame prediction on the current image data.

[0020]When receiving the coefficient data of the inter-block from the code reading unit 101 the coefficient
determination unit 105 obtains the absolute value of the coefficient data of each inter-block and
compares the absolute value of the coefficient data of each inter-block with the threshold. The decided

result which will give the decided result to validate to the inter-frame extension 110 if the absolute value



of the coefficient data of all the ******** s smaller than a threshold value, otherwise, is invalidated is given
to the inter-frame extension 110. Further, the coefficient determination unit 105 supplies the coefficient
data of each inter block received from the code reading unit 101 to the coefficient conversion unit 1086.

[0021]Upon receiving the coefficient data of each inter block from the coefficient determination unit 105,
the coefficient conversion unit 106 performs an inverse conversion process on the received coefficient

data of each inter block, and provides data obtained by the inverse conversion to the synthesis unit 112,

[0022]The combining unit 112 is connected to the motion compensation unit 102 the intra-frame
prediction unit 104 and the coefficient conversion unit 106. Data supplied from the motion compensation
unit 102, the intra-frame prediction unit 104, and the coefficient conversion unit 106 are synthesized to
form reproduction image data, and the formed reproduction image data is supplied to the current image

buffer unit 107 as current image data.

[0023]The current image buffer unit 107 stores current image data, is connected to the intra-frame
expansion unit 108 and the inter-frame expansion unit 110, and appropriately provides the current image
data to the intra-frame expansion unit 108 and the inter-frame expansion unit 110. Also, each time the
current image buffer unit 107 receives the current image data synthesized by the synthesizing unit 112, it
supplies the stored current image data to the reference image buffer unit 103 and stores it as reference

image data.

[0024]The intra-frame expansion unit 108 receives the current image data from the current image buffer
unit 107, performs predetermined intra-frame processing by super-resolution processing on the received
current image data to form expanded image data in which the resolution in the frame is expanded, and
supplies the expanded image to the expanded image buffer unit 109. Since the intra-frame processing by
the existing super-resolution processing can be applied to the method of the intra-frame processing
performed on the current image data by the intra-frame extension unit 108, a detailed description thereof

will be omitted.

[0025]The extended image buffer unit 109 stores extended image data from the intra-frame extension

unit 108, and provides the stored extended image data to the inter-frame extension unit 110.

[0026]The inter-frame extension unit 110 performs predetermined inter-frame processing by super-
resolution processing based on the resolution-extended current image data and the reference image
data of the immediately preceding frame. When the result of determination by the coefficient
determination unit 105 is valid, inter-frame processing by super-resolution processing is performed, and
when the result of determination by the coefficient determination unit 105 is invalid, inter-frame

processing by super-resolution processing is not performed.



[0027]That is, when the determination result of the coefficient determination unit 105 is valid, the inter-
frame extension unit 110 receives the reference image data of the immediately preceding frame whose
resolution has been extended and the current image data whose resolution has been extended from the
extended image buffer unit 109, and Also, the prediction data is received from the code reading unit 101,
and the super-resolution processing is performed using the motion vector of the MPEG data as the
motion vector of the inter-frame extension of the super-resolution processing.

[0028]The display unit 111 receives the image provided from the inter-frame extension unit 110, and

outputs and displays the image.

[0029]
Next, an image processing operation in the image processing apparatus 20 according to the first

embodiment will be described with reference to FIG. 1.

[0030]First, when MPEG data is supplied to the code reading unit 101, the coefficient data and the

prediction data are read by the code reading unit 101,

[0031]In the code reading unit 101, when the MPEG data is intra-prediction encoded data, the prediction
data is provided to the intra-frame prediction unit 104, and when the MPEG data is inter-prediction
encoded data, the prediction data is provided to the motion compensation unit 102 and the inter-frame

extension unit 110.

[0032]In the case of intra-prediction encoded data, the prediction data read by the code reading unit 101
is provided to the intra-frame prediction unit 104, and decoding processing for normal intra-prediction
encoding is performed by the intra-frame prediction unit 104 to obtain decoded image data.

[0033]The decoded image data decoded by the intra-frame prediction unit 104 is synthesized via the

synthesis unit 112, and the reproduced image data is stored in the current image buffer unit 107.

[0034]Also, in the case of inter prediction encoded data, the prediction data read by the code reading unit
101 is provided to the motion compensation unit 102, is added to the reference image data by the motion
compensation unit 102 to form decoded image data, and the reproduced image data is stored in the

current image buffer unit 107.

[0035]The decoded image data stored in the current image buffer unit 107 is provided to the intra-frame
extension unit 108, and the intra-frame extension unit 108 performs the intra-frame extension processing
of the super-resolution processing. Then, the decoded image data extended by the in-frame extension

unit 108 is stored in the extended image buffer unit 109 as an extended image.



[0036]In the case of inter-predictive coded data, the coefficient data of each inter-block read by the code
reading unit 101 is provided to the coefficient determination unit 105, and is converted into an absolute

value by the coefficient determination unit 105.

[0037]And the absolute value of the coefficient data of each ******** is compared with a threshold value
by the coefficient judgment part 105, and the decided result which all the absolute values of the
coefficient data of ******** yalidate when smaller than a threshold value is given to the inter-frame
extension 110 from the coefficient judgment part 105. On the other hand, if not, an invalid determination

result is given from the coefficient determination unit 105 to the inter-frame extension unit 110.

[0038]When the determination result from the coefficient determination unit 105 is provided to the inter-
frame expansion unit 110, the inter-frame expansion unit 110 determines whether or not to perform the
inter-frame expansion processing of the super-resolution processing according to the determination
result from the coefficient determination unit 105.

[0039]That is if the determination result is valid the inter-frame extension unit 110 receives the extended
decoded image data of the immediately preceding frame and the current extended decoded image data
from the extended image buffer unit 109 and Also, the prediction data is received from the code reading
unit 101, and the motion vector of the MPEG data is used as the motion vector of the inter-frame
extension of the super-resolution processing to perform the super-resolution processing. Then, the image
data subjected to the inter-frame expansion processing by the inter-frame expansion unit 110 is provided
to the display unit 111 and is output and displayed.

[0040]0On the other hand, if the determination result is invalid, the inter-frame extension unit 110 receives
the extended decoded image data of the immediately preceding frame from the extended image buffer
unit 109, does not perform the inter-frame extension of the super-resolution processing, and provides the

decoded image data as image data to the display position 111 to output and display the image data.

[0041]

(A-3) Effects of First Embodiment As described above, according to the first embodiment, since it is
possible to perform the inter-frame processing of the super-resolution processing without performing the
motion search, it is possible to expect a reduction in the processing amount. Further, since the
determination of the effectiveness of each motion vector in the super-resolution processing is made
based on the absolute value of the encoding frequency coefficient instead of determining the residual

signal for each pixel, it is possible to expect an increase in speed.

[0042]
(B) Other Embodiments The functions described in the first embodiment described above can be realized

by software processing by execution of hardware such as a CPU. Alternatively, it may be implemented as



hardware.

[0043]In the above-described first embodiment, the coefficient determination unit 105 obtains the
absolute value of the coefficient data and makes a determination by comparing the absolute value of the
coefficient data with the threshold. However, as long as the determination can be made based on the
magnitude of the coefficient data, the determination may be made based on the square value of the

coefficient data or may be made based on other calculation results.

[Brief description of the drawings]

[0044]

FIG. 1 is a block diagram showing an internal configuration of an image apparatus according to a first
embodiment;

[Explanation of letters or numerals]

[0045]100: image device, 101: code reading unit, 102: motion compensation unit, 103: reference image
buffer unit 104 -- forecasting part in a frame, 105 -- coefficient judgment part, 106 -- coefficient converter,
107 -- current image buffer part, 108 -- extension in a frame, 109 -- extended picture buffer parts, 110 --

inter-frame extension, 111 -- display part, 112 -- synchronizer.
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