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(54) IMAGE PROCESSING DEVICE AND METHOD

(57) The present technology relates to an image
processing device and a method capable of suppressing
reduction in encoding efficiency. There are provided a
restrictor for restricting, at the time of generating a pre-
dicted image for encoding of a multi-viewpoint image,
according to a prediction direction of a focused region,
use of a correlated region where a candidate for a pre-

diction vector which is a prediction value of a vector of
the focused region is to be obtained, and a prediction
vector generator for generating the prediction vector by
using a vector of a correlated region whose use is not
restricted by the restrictor. The present disclosure may
be applied to an image processing device.
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Description

TECHNICAL FIELD

[0001] The present disclosure is related to an image processing device and a method, and particularly, to an image
processing device and a method for improving encoding efficiency.

BACKGROUND ART

[0002] In recent years, devices conforming to techniques such as MPEG (Moving Picture Experts Group) and the like
that handle image information as digital information, and that perform compression through orthogonal transform, such
as discrete cosine transform, and motion compensation by using redundancy unique to image information in order to
perform highly efficient transmission and accumulation of information are being widely used in both information distribution
by broadcast stations and information reception at general households.
[0003] Particularly, MPEG2 (ISO (International Organization for Standardization)/IEC (International Electrotechnical
Commission) 13818-2) is defined as a general-purpose image encoding technique, and is a standard covering both an
interlaced image and a progressive image, and also, a standard-resolution image and a high-resolution image, and is
currently widely used in a wide range of applications for professional use and consumer use. By using the MPEG2
compression technique, a high compression rate and a desirable image quality may be realized by assigning an amount
of encoding (bit rate) of 4 to 8 Mbps in a case of an interlaced image of a standard resolution with 720 3 480 pixels,
and 18 to 22 Mbps pixels in a case of an interlaced image of a high resolution with 1920 3 1088 pixels, for example.
[0004] MPEG2 is for high-image-quality encoding suitable mainly for broadcasting, and is not compatible with an
encoding technique with an amount of encoding (bit rate) lower than MPEG1, that is, a higher compression ratio. With
the spread of mobile terminals, a need for such an encoding method is expected to increase in the future, and thus, an
MPEG4 encoding technique has been standardized. As for an image encoding technique, ISO/IEC 14496-2 was approved
as an international standard in December 1998.
[0005] Furthermore, in recent years, standardization of a standard called H.26L (ITU-T (International Telecommuni-
cation Union Telecommunication Standardization Sector) Q6/16 VCEG (Video Coding Expert Group)) has been under
way initially for the purpose of image encoding for videoconferences. Compared with the conventional encoding tech-
niques such as MPEG2 and MPEG4, H.26L requires a larger amount of calculation in encoding and decoding, but is
known to achieve higher encoding efficiency. Also, as a part of activities of MPEG4, standardization for achieving high
encoding efficiency based on this H.26L, while including functions not supported by H.26L, was performed as Joint
Model of Enhanced-Compression Video Coding.
[0006] As for a standardization schedule, international standards were established under the names of H.264 and
MPEG-4 Part 10 (Advanced Video Coding, hereinafter written as "H.264/AVC") in March 2003.
[0007] However, a macroblock size of 16 pixels 3 16 pixels may not be the best for a large picture frame such as
UHD (Ultra High Definition; 4000 pixels 3 2000 pixels) which is targeted by the next-generation encoding technique.
[0008] Accordingly, with a view to further improve the encoding efficiency than AVC, standardization of an encoding
technique called HEVC (High Efficiency Video Coding) is being promoted by JCTVC (Joint Collaboration Team-Video
Coding), a joint standardization group of ITU-T and ISO/IEC (for example, see Non-Patent Document 1).
[0009] With this HEVC encoding technique, a coding unit (CU) is defined as a processing unit similar to a macroblock
in AVC. The size of this CU is not fixed to 16 3 16 pixels like the macroblock of AVC, and is specified in image compression
information in each sequence.
[0010] Now, to improve motion vector encoding using median prediction defined in AVC, a method has been considered
of taking not only "Spatial Predictor", but also "Temporal Predictor" and "Spatio-Temporal Predictor" as the candidates
for a prediction motion vector (for example, see Non-Patent Document 2).
[0011] Also, as one method of encoding motion information, a method called Motion Partition Merging according to
which a Merge_Flag and a Merge_Left_Flag are transmitted is being proposed (for example, see Patent Document 3).

CITATION LIST

NON-PATENT DOCUMENT

[0012] Non-Patent Document 1: Thomas Wiegand, Woo-Jin Han, Benjamin Bross, Jens-Rainer Ohm, Gary J. Sullivan,
"Working Draft 1 of High-Efficiency Video Coding ", JCTVC-C403, Joint Collaborative Team on Video Coding (JCT-
VC)of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG113rd Meeting: Guangzhou, CN, 7-15 October, 2010
[0013] Non-Patent Document 2: Joel Jung, Guillaume Laroche, "Competition-Based Scheme for Motion Vector Se-
lection and Coding", VCEG-AC06,ITU - Telecommunications Standardization Sector STUDY GROUP 16 Question
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6Video Coding Experts Group (VCEG) 29th Meeting: Klagenfurt, Austria, 17-18 July, 2006
[0014] Non-Patent Document 3: Martin Winken, Sebastian Bosse, Benjamin Bross, Philipp Helle, Tobias Hinz, Heiner
Kirchhoffer, Haricharan Lakshman, Detlev Marpe, Simon Oudin, Matthias Preiss, HeikoSchwarz, Mischa Siekmann,
Karsten Suehring, and Thomas Wiegand, "Description of video coding technology proposed by Fraunhofer HHI",JCTVC-
A116, April, 2010

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0015] However, the encoding efficiency is possibly reduced since only processing for a single viewpoint is indicated
and prediction of vectors across viewpoints is not possible in the case of multi-viewpoint encoding.
[0016] In view of the above circumstances, the present disclosure has its object to suppress reduction in the encoding
efficiency.

SOLUTIONS TO PROBLEMS

[0017] An aspect of the present disclosure is an image processing device including a restrictor for restricting, according
to a prediction direction of a focused region of a multi-viewpoint image, use of a correlated region where a candidate for
a prediction vector which is a prediction value of a vector of the focused region is to be obtained, and a prediction vector
generator for generating the prediction vector by using a vector of a correlated region whose use is not restricted by the
restrictor.
[0018] The restrictor is capable of prohibiting use of a correlated region of a same view as and a different time from
the focused region, for performing prediction in a parallax direction.
[0019] The restrictor is capable of prohibiting use of a correlated region of a focused region where prediction is to be
performed only in a parallax direction, the correlated region being of a same view as and a different time from the focused
region and being for performing prediction in a temporal direction.
[0020] The restrictor is capable of prohibiting use of a correlated region of a different view from and a same time as
the focused region, for performing prediction in a parallax direction.
[0021] The restrictor is capable of generating restriction information indicating restriction of the correlated region.
[0022] A transmitter for transmitting the restriction information generated by the restrictor may further be included.
[0023] Also, an aspect of the present disclosure is an image processing method of an image processing device, the
method including restricting, by a restrictor, according to a prediction direction of a focused region of a multi-viewpoint
image, use of a correlated region where a candidate for a prediction vector which is a prediction value of a vector of the
focused region is to be obtained, and generating, by a prediction vector generator, the prediction vector by using a vector
of a correlated region whose use is not restricted.
[0024] Another aspect of the present disclosure is an image processing device including a receiver for receiving
restriction information restricting a correlated region where a candidate for a prediction vector which is a prediction value
of a vector of a focused region of a multi-viewpoint image is to be obtained, and a prediction vector generator for
generating the prediction vector by using a vector of a correlated region whose use is not prohibited by the restriction
information received by the receiver.
[0025] A further another aspect of the present disclosure is an image processing method of an image processing
device, the method including receiving, by a receiver, restriction information restricting a correlated region where a
candidate for a prediction vector which is a prediction value of a vector of a focused region of a multi-viewpoint image
is to be obtained, and generating, by a prediction vector generator, the prediction vector by using a vector of a correlated
region whose use is not prohibited by the restriction information received.
[0026] According to an aspect of the present disclosure, use of a correlated region where a candidate for a prediction
vector which is a prediction value of a vector of a focused region of a multi-viewpoint image is restricted according to a
prediction direction of the focused region, and a prediction vector is generated by using a vector of a correlated region
whose use is not restricted.
[0027] According to another aspect of the present disclosure, restriction information restricting a correlated region
where a candidate for a prediction vector which is a prediction value of a vector of a focused region of a multi-viewpoint
image is to be obtained is received, and a prediction vector is generated by using a vector of a correlated region whose
use is not prohibited by the restriction information received.

EFFECTS OF THE INVENTION

[0028] According to the present disclosure, images can be processed. Particularly, reduction in the encoding efficiency
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may be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0029]

Fig. 1 is a diagram for explaining examples of types of prediction units.
Fig. 2 is a diagram for explaining examples of peripheral regions of a spatially correlated region in a merge mode.
Fig. 3 is a diagram for explaining examples of peripheral regions used in deciding a reference image index with
respect to a temporally correlated region in a merge mode.
Fig. 4 is a diagram showing examples of conditions for deciding a reference image index of a temporally correlated
block in a merge mode.
Fig. 5 is a diagram for explaining an example of a method of deciding a temporally correlated region.
Fig. 6 is a diagram for explaining a method of deciding an image including a temporally correlated region.
Fig. 7 is a diagram for explaining an example of a positional relationship between a focused region and a temporally
correlated region.
Fig. 8 is a diagram showing an example of scaling of a motion vector of a temporally correlated region.
Fig. 9 is a diagram for explaining examples of peripheral regions of a spatially correlated region in other than a
merge mode.
Fig. 10 is a diagram showing an example of scaling of a motion vector of a spatially correlated region with a different
reference image index.
Fig. 11 is a diagram showing an example of a reference relationship of a three-viewpoint image.
Fig. 12 is a diagram for explaining an example of a restriction on a temporally correlated region.
Fig. 13 is a diagram for explaining an example of a restriction on a spatially correlated region.
Fig. 14 is a block diagram showing a typical example structure of an image encoding device.
Fig. 15 is a block diagram showing a typical example structure of a motion parallax predictor/compensator.
Fig. 16 is a diagram showing examples of use conditions of a temporally correlated block and a spatially correlated
block.
Fig. 17 is a diagram showing an example of a syntax of a sequence parameter set.
Fig. 18 is a diagram showing an example of a syntax of a slice header.
Fig. 19 is a flowchart for explaining an example of a flow of an encoding process.
Fig. 20 is a flowchart for explaining an example of a flow of an inter motion prediction process.
Fig. 21 is a flowchart for explaining an example of a flow of a restriction determination process.
Fig. 22 is a flowchart for explaining an example of a flow of a merge mode process.
Fig. 23 is a flowchart for explaining an example of a flow of a spatial correlation prediction process.
Fig. 24 is a flowchart for explaining an example of a flow of a temporal parallax correlation prediction process.
Fig. 25 is a flowchart subsequent to Fig. 24, for explaining the example of the flow of the temporal parallax correlation
prediction process.
Fig. 26 is a flowchart for explaining an example of a flow of a motion parallax vector prediction process.
Fig. 27 is a flowchart for explaining another example of the flow of the spatial correlation prediction process.
Fig. 28 is a flowchart for explaining an example of a flow of a peripheral region A motion vector prediction process.
Fig. 29 is a flowchart for explaining an example of a flow of a peripheral region B motion vector prediction process.
Fig. 30 is a block diagram showing a typical example structure of an image decoding device.
Fig. 31 is a block diagram showing a typical example structure of a motion parallax compensator.
Fig. 32 is a flowchart for explaining an example of a flow of a decoding process.
Fig. 33 is a flowchart for explaining an example of a flow of a decoding process.
Fig. 34 is a flowchart for explaining an example of a flow of a motion parallax compensation process.
Fig. 35 is a flowchart for explaining an example of a flow of a motion parallax vector generation process.
Fig. 36 is a diagram for explaining parallax and depth.
Fig. 37 is a block diagram showing a typical example structure of a personal computer.
Fig. 38 is a block diagram showing one example of a schematic structure of a television apparatus.
Fig. 39 is a block diagram showing one example of a schematic structure of a portable telephone device.
Fig. 40 is a block diagram showing one example of a schematic structure of a recording/reproducing device.
Fig. 41 is a block diagram showing one example of a schematic structure of an imaging device.

MODE FOR CARRYING OUT THE INVENTION

[0030] Modes for carrying out the present disclosure (hereinafter referred to as the embodiments) will be described
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below. The description will be made in the following order.

1. First Embodiment (image encoding device)
2. Second Embodiment (image decoding device)
3. Third Embodiment (computer)
4. Fourth Embodiment (television receiver)
5. Fifth Embodiment (portable telephone device)
6. Sixth Embodiment (recording/reproducing device)
7. Seventh Embodiment (imaging device)

<1. First Embodiment>

<Description of Depth Images (Parallax Images) in This Specification>

[0031] Fig. 36 is a diagram for explaining parallax and depth.
[0032] As shown in Fig. 36, when a color image of an object M is captured by a camera c1 located in a position C1
and a camera c2 located in a position C2, the object M has depth Z, which is the distance from the camera c1 (the
camera c2) in the depth direction, and is defined by the following equation (a).

[Mathematical Formula 1]

[0033]

[0034] Here, L represents the horizontal distance between the position C1 and the position C2 (hereinafter referred
to as the inter-camera distance) . Also, d is a value obtained by subtracting a horizontal distance u2 of the position of
the object M on the color image captured by the camera c2 from the center of the color image from a horizontal distance
u1 of the position of the object M on the color image captured by the camera c1 from the center of the color image, that
is, the parallax. Further, f represents the focal length of the camera c1, and, in the equation (a), the focal lengths of the
camera c1 and the camera c2 are the same.
[0035] As shown in the equation (a), the parallax d and the depth Z can be uniquely converted. Therefore, in this
specification, the image representing the parallax d and the image representing the depth Z of the color image of two
viewpoints captured by the camera c1 and the camera c2 are collectively referred to as depth images (parallax images).
[0036] A depth image (a parallax image) is an image representing the parallax d or the depth Z, and a pixel value in
a depth image (a parallax image) is not the parallax d or the depth Z but may be a value obtained by normalizing the
parallax d, a value obtained by normalizing the reciprocal 1/Z of the depth Z, or the like.
[0037] A value I obtained by normalizing the parallax d with 8 bits (0 through 255) can be calculated according to the
equation (b) shown below. Here, the number of normalization bits of the parallax d is not limited to 8, and may be some
other number, such as 10 or 12.

[Mathematical Formula 2]

[0038]

[0039] Additionally, in the equation (b), Dmax is the maximum value of the parallax d, and Dmin is the minimum value
of the parallax d. The maximum value Dmax and the minimum value Dmin may be set for a unit of one screen or of a
plurality of screens.
[0040] A value y obtained by normalizing the reciprocal 1/Z of the depth Z with 8 bits (0 through 255) can be determined
according to the equation (c) shown below. Here, the number of normalization bits of the reciprocal 1/Z of the depth Z
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is not limited to 8, and may be some other number, such as 10 or 12.
[0041] [Mathematical Formula 3] 

[0042] Additionally, in the equation (c), Zfar is the maximum value of the depth Z, and Znear is the minimum value of
the depth Z. The maximum value Zfar, and the minimum value Znear may be set for a unit of one screen or of a plurality
of screens.
[0043] As described above, in this specification, an image having a pixel value I obtained by normalizing the parallax
d, and an image having a pixel value y obtained by normalizing the reciprocal 1/Z of the depth Z are collectively referred
to as depth images (parallax images), as the parallax d and the depth Z can be uniquely converted. The color format of
the depth images (parallax images) is YUV420 or YUV400 format, but may be some other color format.
[0044] When attention is focused on the value I or the value y as information, instead of a pixel value in a depth image
(a parallax image), the value I or the value y is set as depth information (parallax information). Further, a map formed
by mapping the value I or the value y is set as a depth map (a parallax map).

[Motion Prediction]

[0045] According to image encoding such as AVC (Advanced Video Coding) or HEVC (High Efficiency Video Coding),
motion prediction using the correlation in the temporal direction (inter frames) is performed.
[0046] As a unit of processing of such a prediction process, blocks in a hierarchical structure, such as macroblocks
and sub-blocks are specified in AVC, and coding units (CU) are specified in HEVC.
[0047] The CU is referred to also as a Coding Tree Block (CTB), and is a partial region of an image on a per-picture
basis which serves the same role as the macroblock of AVC. Whereas the latter is fixed to a size of 16 3 16 pixels, the
size of the former is not fixed, and is specified in image compression information in each sequence.
[0048] For example, in a sequence parameter set (SPS) included in encoded data which is to be output, the maximum
size (LCU (Largest Coding Unit)) and the minimum size (SCU (Smallest Coding Unit)) of the CU are specified.
[0049] In each LCU, by setting split-flag = 1 where the size does not fall below the size of the SCU, division into a
smaller CU is allowed. When the value of the split-flag is "1", a CU whose size is 2N 3 2N is divided into CUs in a layer
that is one layer below whose sizes are N 3 N.
[0050] Furthermore, the CU is divided into prediction units (PU) which are regions (partial regions of an image on a
per-picture basis) which are units of processing for intra or inter prediction, and is also divided into transform units (TU)
which are regions (partial regions of an image on a per-picture basis) which are units of processing for orthogonal
transform. Currently, according to HEVC, 16 3 16 and 32 3 32 orthogonal transform may be used, in addition to 4 3 4
and 8 3 8.
[0051] In the case of an encoding method such as HEVC as described above according to which a CU is defined and
various processes are performed in units of the CUs, a macroblock of AVC is assumed to correspond to the LCU.
However, since the CU has a hierarchical structure, the size of the LCU in the uppermost layer is generally set to be
greater than the macroblock of AVC, such as 128 3 128 pixels, for example.
[0052] Additionally, in the following, a "region" includes all of the various regions described above (for example, the
macroblock, the sub-block, the LCU, the CU, the SCU, the PU, the TU, and the like) (the region may be any of these).
Of course, units other than those described above may also be included, and units that are not possible are omitted as
appropriate according to the contents of the description.
[0053] Fig. 1 shows an example structure of a prediction unit (PU) which is a unit of a prediction process, in contrast
to the CU which is a unit of an encoding process. As shown in Fig. 1, four types of PUs may be formed for one CU. The
four large squares shown in Fig. 1 are the CUs, and the rectangles or the squares inside the large squares are the PUs.
The numbers represent the indices of respective PUs, and do not represent the contents of the image.
[0054] As shown in Fig. 1, in the case of the example at the top left, the CU is configured from one PU (2N 3 2N).
That is, in this case, the CU and the PU are equivalent. Also, in the case of the example at the top right, the CU is
horizontally divided into two, and is configured from two horizontally long PUs (2N 3 N). Furthermore, in the case of the
example at the bottom left, the CU is vertically divided into two, and is configured from two vertically long PUs (N 3 2N).
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Moreover, in the case of the example at the bottom right, the CU is divided into two horizontally and vertically (divided
into four in total), and is configured from four square PUs (N 3 N). Which of these patterns is to be applied is decided
according to the contents of the image (the cost function value of a prediction result).
[0055] Now, Non-Patent Document 3 proposes a method (a merge mode) called Motion Partition Merging as one
encoding method for motion information. According to this method, two flags, a Merge Flag and a Merge Left Flag, are
transmitted as merge information which is information about the merge mode. If the Merge Flag is 1, it is indicated that
motion information of a focused region X, which is a processing target, is the same as the motion information of a
peripheral region T immediately above the focused region or of a peripheral region L immediately on the left of the
focused region. At this time, the Merge Left Flag is included in the merge information and is transmitted. If the Merge
Flag is 0, it is indicated that motion information of the focused region X is different from the motion information of the
peripheral region T and the peripheral region L. In this case, the motion information of the focused region X is transmitted.
[0056] In the case the motion information of the focused region X is the same as the motion information of the peripheral
region L, the Merge Flag is 1, and the Merge Left Flag is 1. In the case the motion information of the focused region X
is the same as the motion information of the peripheral region T, the Merge Flag is 1, and the Merge Left Flag is 0.
[0057] Additionally, in this merge mode, not only the spatially peripheral regions L and T, but also, a temporally
peripheral region (a temporally correlated region) is considered to be made a candidate region to be merged with the
focused region X.
[0058] The peripheral regions of each prediction unit (PU) in the example of Fig. 1 are as shown in Fig. 2. For example,
with respect to the prediction unit of the example at the top left of Fig. 1 whose index is 0, regions A to D of the example
shown at the top left of Fig. 2 are given as the peripheral regions. Also, for example, with respect to the prediction unit
of the example at the top right of Fig. 1 whose index is 1, regions A to D of the example shown at the top right of Fig. 2
are given as the peripheral regions. Furthermore, for example, with respect to the prediction unit of the example at the
bottom left of Fig. 1 whose index is 1, regions A to D of the example shown at the bottom left of Fig. 2 are given as the
peripheral regions. Moreover, for example, with respect to the prediction unit of the example at the bottom right of Fig.
1 whose index is 3, regions A to D of the example shown at the bottom right of Fig. 2 are given as the peripheral regions.
[0059] Also, a reference image index is decided based on the reference image indices of a peripheral region A that
is adjacent on the left of a focused region (a current block), which is a processing target, a peripheral region B that is
adjacent at the top of the focused region, and a peripheral region C that is adjacent at the top right of the focused region
as shown in Fig. 3, in the manner of the table shown in Fig. 4.
[0060] In the table shown in Fig. 4, the second to fourth columns from the left show the states of the reference image
indices of the peripheral regions A to C, respectively. The first column on the left is the reference image index which has
been decided. Each of "x", "y", and "z" represents an arbitrary natural number, and "-1" indicates that reference is not
possible.
[0061] In the case there is only one region that can be referred to among the peripheral regions A to C, the reference
image index of this block is used. Also, in the case there are two regions that can be referred to among the peripheral
regions A to C, the smallest reference image index is used. Moreover, in the case all of the peripheral regions A to C
are not to be referred to, the reference image index is zero.
[0062] A temporally correlated region located at a temporal periphery of a focused region, which is a processing target,
is decided as shown in Fig. 5. In Fig. 5, a partial region of a focused picture (CurrPic), which is a processing target, is
shown on the left, and a quadrangle at the top left in the focused picture is a focused region (CurrPU). Also, a partial
region of a temporally correlated picture (colPic) located at a temporal periphery of the focused picture is shown on the
right in Fig. 5. In this temporally correlated picture, a region including a pixel at the same position as the pixel on the
bottom right of the focused region is given as the temporally correlated region (colPU). In the case this region cannot
be referred to, a region including a pixel at the same position as the pixel at the center of a decoded region is given as
the temporally correlated region (colPU).
[0063] Furthermore, the temporally correlated picture is decided as shown in Fig. 6. For example, in the case the
focused picture is a B picture, and a collocated_from_10_flag is 0, a picture in a list L1 whose reference image index is
0 is given as the temporally correlated picture. Also, in the case the focused picture is a P picture or a B picture, and a
collocated_from_10_flag is 1, a picture in a list L0 whose reference image index is 0 is given as the temporally correlated
picture.
[0064] Furthermore, as shown in Fig. 7, depending on the positional relationship between a focused picture and a
temporally correlated picture, an interlaced flag is set. For example as shown at the top in Fig. 7, in the case the temporal
position of a reference image of the temporally correlated picture skips the focused picture (in the case the focused
picture is present between the temporally correlated picture and the reference image), the interlaced flag is set to 1.
[0065] Also, in the case the temporal position of a reference image of the temporally correlated picture does not skip
the focused picture (in the case the focused picture is not present between the temporally correlated picture and the
reference image), the interlaced flag is set to 0 . In the case the interlaced flag is 1, the focused region is interpolated
between the temporally correlated region and the reference image of the temporally correlated region, and the reliability
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of a prediction vector is high.
[0066] Moreover, a motion vector mvCol of a temporally correlated region is sometimes used at the time of generating
a prediction vector pmv, and in this case, scaling of the motion vector of the temporally correlated region is performed
as in the example shown in Fig. 8. That is, scaling is performed according to the following equations (1) and (2), based
on a temporal distance A between the focused region and the reference image of the focused region, and a temporal
distance B between the temporally correlated region and the reference image of the temporally correlated region.

[0067] Now, the peripheral regions of a spatially correlated region in other than the merge mode are as the example
shown in Fig. 9. That is, a region A0, a region A1, a region B0 a region B1, and a region B2 are made the candidates
for the peripheral region.
[0068] Moreover, a motion vector mvArr of a spatially correlated region is sometimes used at the time of generating
a prediction vector pmv, and in this case, scaling of the motion vector of the spatially correlated region is performed as
in the example shown in Fig. 10. That is, scaling is performed according to the following equations (3) and (4), based
on a temporal distance A between the focused region and the reference image of the focused region, and a temporal
distance B between the spatially correlated region and the reference image of the spatially correlated region.

[0069] Now, in the case of a multi-viewpoint image, an image is formed from a plurality of views, and parallax prediction
using the correlation between the views (parallax direction) is also performed. Fig. 11 shows an example of a reference
relationship of a three-viewpoint image.
[0070] The three-viewpoint image shown in Fig. 11 is formed from three views, a view 0, a view 1, and a view 2. In
Fig. 11, POC is the index of time. Also, PicNum is the index of a decoding order.
[0071] The view 0 is called a base view, and is encoded by using temporal prediction of performing prediction using
a temporal correlation. The view 1 is called a non-base view, and is encoded by using the temporal prediction and
parallax prediction. In the parallax prediction, the view 0 and the view 2 which have been encoded may be referred to.
The view 2 is called a non-base view, and is encoded by using the temporal prediction and the parallax prediction. In
the parallax prediction, the view 0 which has been encoded may be referred to.
[0072] However, as described above, a conventional prediction vector is related only to the motion vector, and no
consideration is given to encoding (prediction) of a parallax vector, indicating a positional relationship of the same or
the most approximate partial images of views, generated in the parallax prediction across viewpoints (views). This
parallax vector is information corresponding to a motion vector in the temporal prediction, and is used in the temporal
prediction of generating a predicted image of a focused region using an image of the same time and of a different view.
Thus, prediction of a parallax vector is possibly not appropriately performed, and the encoding efficiency is possibly
reduced.
[0073] Accordingly, in the present technology, candidates for the prediction vector are restricted in the followingmanner
in order to efficiently generate a prediction vector and to improve the encoding efficiency with respect to a multi-viewpoint
image.
[0074] A more detailed description will be given. First, arestrictionmethod regarding a temporally correlated region will
be described. An example is shown in Fig. 12. In the case only the temporal prediction is performed in a focused region,
which is a processing target, and only the parallax prediction is performed in a temporally correlated region, even if a
process is performed using the temporally correlated region, and a prediction vector is obtained, the prediction accuracy
is poor due to the difference in the property to an encoding vector. Thus, a temporally correlated region use restriction
flag is set to 1. The temporally correlated region is thus removed from the candidates for the prediction vector. Accordingly,
merits may be obtained with respect to the processing time, the storage memory, and the encoding efficiency.
[0075] For example, by omitting the calculation process of the prediction vector that uses the temporally correlated
region, the processing time may be reduced. Also, for example, since information about the temporally correlated region
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does not have to be maintained, the amount of memory usage may be reduced. Moreover, for example, since the
candidates for the prediction vector are reduced, the bit rate assigned to the prediction vector index flag may be reduced,
and the encoding efficiency may be improved.
[0076] Furthermore, in the similar manner, when only the parallax prediction is performed in the focused region, and
only the temporal prediction is performed in the temporally correlated region, the temporally correlated region use
restriction flag is set to 1. The temporally correlated region use restriction flag is set to 1, also when the parallax prediction
and the temporal prediction are performed in the temporally correlated region. This is because, in a case the parallax
prediction for the same time is performed with respect to the temporally correlated region, scaling of a prediction vector
according to a conventional method cannot be performed. That is, since the temporal distance between the temporally
correlated region and the reference image of the temporally correlated region is zero, subtraction necessary for scaling
cannot be performed.
[0077] On the other hand, in the case the temporal prediction and the parallax prediction are performed in the focused
region, and only the temporal prediction is performed in the temporally correlated region, the temporally correlated region
use restriction flag is set to 0, and the motion vector of the temporally correlated region is made the candidate for the
prediction vector. At this time, a conventional scalingmethodmay be used. For example, in the case the temporal prediction
is performed in the focused region, the same effect as with the conventional method is obtained. Also, for example, in
the case the parallax prediction is performed in the focused region, since the temporal distance between the focused
region and its reference image is zero, the prediction vector of the temporally correlated region after scaling is zero.
[0078] Next, a restriction method regarding a spatially correlated region will be described. An example is shown in
Fig. 13. In the case the temporal prediction and the parallax prediction are performed in a focused region, the property
of a peripheral region with a different reference image index will be different, and thus, a spatially correlated region use
flag is set to 1. Accordingly, the spatially correlated region with a different reference image index is removed from the
candidates for the prediction vector. Thus, merits may be obtained with respect to the processing time, and the encoding
efficiency.
[0079] For example, by omitting the calculation process of the prediction vector that uses the spatially correlated region
with a different reference image index, the processing time may be reduced. Also, for example, since the candidates for
the prediction vector are reduced, the bit rate assigned to the prediction vector index flagmay be reduced, and the
encoding efficiency may be improved.
[0080] Furthermore, for example, in the case only the temporal prediction is performed in the focused region, or only
the parallax prediction is performed in the focused region, the spatially correlated region use restriction flag is set to 0,
and the motion vector of the spatially correlated region with a different reference image index is made a candidate for
the prediction vector. At this time, a conventional scaling method may be used. For example, in the case the temporal
prediction is performed in the focused region, the same effect as with the conventional method is obtained. Also, for
example, in the case the parallax prediction is performed in the focused region, since the temporal distance between
the focused region and its reference image is zero, the prediction vector of the spatially correlated region after scaling
is zero.

[Image Encoding Device]

[0081] Fig. 14 is a block diagram showing a typical example structure of an image encoding device which is an image
processing device.
[0082] An image encoding device 100 shown in Fig. 14 encodes image data by using a prediction process like the
encoding systems such as AVC and HEVC, for example. Additionally, the image encoding device 100 encodes a multi-
viewpoint image formed from a plurality of views. In the following, a case of processing a three-viewpoint image formed
from three views, as an example of the multi-viewpoint image, will be described. Incidentally, in reality, the image encoding
device 100 may encode a multi-viewpoint image of an arbitrary number of viewpoints (views).
[0083] As shown in Fig. 14, the image encoding device 100 includes an A/D converter 101, a frame reordering buffer
102, an arithmetic operation unit 103, an orthogonal transformer 104, a quantizer 105, a lossless encoder 106, and an
accumulation buffer 107. Also, the image encoding device 100 includes an inverse quantizer 108, an inverse orthogonal
transformer 109, an arithmetic operation unit 110, a loop filter 111, a decoded picture buffer 112, a selector 113, an intra
predictor 114, a motion parallax predictor/compensator 115, a predicted image selector 116, a decoded multi-viewpoint
picture buffer 121, and a correlated region determiner 122.
[0084] The A/D converter 101 performs A/D conversion on input image data, supplies the image data (digital data)
obtained by the conversion to the frame reordering buffer 102, and stores the image data therein. The frame reordering
buffer 102 performs reordering on the stored image whose frames are in the order of display into the order of frames
for encoding according to GOP (Group Of Picture), and supplies the image whose frames have been reordered to the
arithmetic operation unit 103 together with the view ID and the POC of the image.
[0085] Also, the frame reordering buffer 102 supplies the image whose frames have been reordered to the intra
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predictor 114 and the motion parallax predictor/compensator 115 together with the view ID and the POC of the image.
Additionally, the view ID is information for identifying a viewpoint, and the POC is information for identifying the time.
[0086] The arithmetic operation unit 103 subtracts a predicted image supplied from the intra predictor 114 or the motion
parallax predictor/compensator 115 via the predicted image selector 116 from an image read from the frame reordering
buffer 102, and outputs resulting difference information to the orthogonal transformer 104.
[0087] For example, in the case of an image on which intra encoding is to be performed, the arithmetic operation unit
103 subtracts a predicted image supplied from the intra predictor 114 from an image read from the frame reordering
buffer 102. Also, in the case of an image on which inter encoding is to be performed, the arithmetic operation unit 103
subtracts a predicted image supplied from the motion parallax predictor/compensator 115 from an image read from the
frame reordering buffer 102.
[0088] The orthogonal transformer 104 performs orthogonal transform such as discrete cosine transform or Karhunen-
Loeve transform on the difference information supplied from the arithmetic operation unit 103. Additionally, an arbitrary
method of orthogonal transform may be used. The orthogonal transformer 104 supplies the transform coefficient to the
quantizer 105.
[0089] The quantizer 105 quantizes the transform coefficient supplied from the orthogonal transformer 104. The quan-
tizer 105 sets a quantization parameter based on information regarding a target value of the bit rate, and performs
quantization. Any method may be used for the quantization. The quantizer 105 supplies the quantized transform coefficient
to the lossless encoder 106.
[0090] The lossless encoder 106 encodes the transform coefficient quantized by the quantizer 105 according to a
coding technique. Also, the lossless encoder 106 acquires intra prediction information including information indicating
the mode of intra prediction and the like from the intra predictor 114, and acquires inter prediction information including
information indicating the mode of inter prediction, motion parallax vector information and the like from the motion parallax
predictor/compensator 115. The lossless encoder 106 further acquires a filter coefficient used by the loop filter 111, etc.
[0091] The lossless encoder 106 encodes these various information pieces according to a coding technique, so that
the various information pieces are contained as part of header information of encoded data (multiplexes the information
pieces) . The lossless encoder 106 supplies the encoded data obtained by the encoding to the accumulation buffer 107
and accumulates the encoded data therein.
[0092] Examples of the coding technique used by the lossless encoder 106 include variable-length coding and arith-
metic coding. Examples of the variable-length coding include CAVLC (Context-Adaptive Variable Length Coding) defined
in the H. 264/AVC standard. Examples of the arithmetic coding include CABAC (Context-Adaptive Binary Arithmetic
Coding).
[0093] The accumulation buffer 107 temporarily holds the encodeddata supplied from the lossless encoder 106. The
accumulation buffer 107 outputs at a predetermined timing, as a bit stream, the encoded data that is held to a recording
device (a recording medium) not shown, a transmission path, and the like in the following stage, for example. That is,
various pieces of encoded information are supplied to the decoding side.
[0094] The transform coefficient quantized by the quantizer 105 is also supplied to the inverse quantizer 108. The
inverse quantizer 108 inverse-quantizes the quantized transform coefficient according to a method corresponding to the
quantization by the quantizer 105. The method of inverse-quantization may be any method as long as it is a method
corresponding to the quantization process by the quantizer 105. The inverse quantizer 108 supplies the obtained transform
coefficient to the inverse orthogonal transformer 109.
[0095] The inverse orthogonal transformer 109 inverse orthogonal-transforms the transform coefficient supplied from
the inverse quantizer 108 by a method corresponding to the orthogonal transform process by the orthogonal transformer
104. The method of inverse orthogonal transform may be any method as long as it is a method corresponding to the
orthogonal transform by the orthogonal transformer 104. The output which has been inverse orthogonal-transformed
(locally restored difference information) is supplied to the arithmetic operation unit 110.
[0096] The arithmetic operation unit 110 adds the predicted image supplied from the intra predictor 114 or the motion
parallax predictor/compensator 115 via the predicted image selector 116 to the result of inverse orthogonal transform
supplied from the inverse orthogonal transformer 109, that is, the locally restored difference information, and obtains a
locally reconstructed image (hereinafter, referred to as a reconstructed image). The reconstructed image is supplied to
the loop filter 111 or the decoded picture buffer 112.
[0097] The loop filter 111 includes a deblocking filter, an adaptive loop filter or the like, and performs appropriate
filtering on the decoded image supplied from the arithmetic operation unit 110. For example, the loop filter 111 performs
deblocking filtering on the decoded image to remove block distortion from the decoded image. In addition, for example,
the loop filter 111 performs loop filtering on the result of deblocking filtering (the decoded image from which block distortion
is removed) by using a Wiener filter to improve the image quality.
[0098] Alternatively, the loop filter 111 may perform certain filtering on the decoded image. The loop filter 111 may
also supply information such as a filter coefficient used for the filtering, where necessary, to the lossless encoder 106,
so that the information will be encoded.
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[0099] The loop filter 111 supplies the result of the filtering process (hereinafter, referred to as a decoded image) to
the decoded picture buffer 112.
[0100] The decoded picture buffer 112 stores each of the reconstructed image supplied from the arithmetic operation
unit 110, and the decoded image supplied from the loop filter 111. Also, the decoded picture buffer 112 stores the view
IDs and the POCs of the images.
[0101] The decoded picture buffer 112 supplies, at a predetermined timing or based on a request from outside, for
example, the intra predictor 114, the stored reconstructed image (and the view ID and the POC of the image) to the intra
predictor 114 via the selector 113. Also, the decoded picture buffer 112 supplies, at a predetermined timing or based
on a request from outside, for example, the motion parallax predictor/compensator 115, the stored decoded image (and
the view ID and the POC of the image) to the motion parallax predictor/compensator 115 via the selector 113.
[0102] The selector 113 shows the supply destination of an image output from the decoded picture buffer 112. For
example, in the case of the intra prediction, the selector 113 reads an image on which the filtering process is not performed
(the reconstructed image) from the decoded picture buffer 112, and supplies the same as a peripheral pixel to the intra
predictor 114.
[0103] Also, for example, in the case of the inter prediction, the selector 113 reads an image on which the filtering
process has been performed (the decoded image) from the decoded picture buffer 112, and supplies the same as a
reference image to the motion parallax predictor/compensator 115.
[0104] When an image (a peripheral image) of a peripheral region positioned in the periphery of a processing target
region is acquired from the decoded picture buffer 112, the intra predictor 114 performs the intra prediction (intra-screen
prediction) of generating a predicted image by using the pixel value of the peripheral image, with basically the prediction
unit (PU) as the unit of processing. The intra predictor 114 performs the intra prediction in a plurality of modes (intra
prediction modes) prepared in advance.
[0105] The intra predictor 114 generates the predicted images in all the candidate intra prediction modes, evaluates
the cost function value of each predicted image by using an input image supplied from the frame reordering buffer 102,
and selects an optimal mode. When the optimal intra prediction mode is selected, the intra predictor 114 supplies the
predicted image generated in the optimal mode to the predicted image selector 116.
[0106] Furthermore, the intra predictor 114 supplies the intra prediction information including information about the
intra prediction, such as the optimal intra prediction mode, to the lossless encoder 106 as appropriate so as to have the
information encoded.
[0107] The motion parallax predictor/compensator 115 performs the motion prediction or the parallax prediction (the
inter prediction) by using an input image supplied from the frame reordering buffer 102 and a reference image supplied
from the decoded picture buffer 112, with basically the PU as the unit of processing, performs a compensation process
according to a motion parallax vector detected, and generates a predicted image (inter-predicted image information).
The motion parallax predictor/compensator 115 performs such inter prediction (inter-screen prediction) in a plurality of
modes (inter prediction modes) prepared in advance.
[0108] The motion parallax predictor/compensator 115 generates predicted images in all the candidate interpredic-
tionmodes, evaluates the cost function value of each predicted image, and selects an optimal mode. When the optimal
inter prediction mode is selected, the motion parallax predictor/compensator 115 supplies the predicted image generated
in the optimal mode to the predicted image selector 116.
[0109] Furthermore, the motion parallax predictor/compensator 115 supplies the inter prediction information including
information about the inter prediction, such as the optimal inter prediction mode, to the lossless encoder 106 so as to
have the information encoded.
[0110] The predicted image selector 116 selects the source of the predicted imaged to be supplied to the arithmetic
operation unit 103 and the arithmetic operation unit 110. For example, in the case of intra encoding, the predicted image
selector 116 selects the intra predictor 114 as the supply source of a predicted image, and supplies the predicted image
supplied from the intra predictor 114 to the arithmetic operation unit 103 and the arithmetic operation unit 110. Also, in
the case of inter encoding, the predicted image selector 116 selects the motion parallax predictor/compensator 115 as
the supply source of a predicted image, and supplies the predicted image supplied from the motion parallax predic-
tor/compensator 115 to the arithmetic operation unit 103 and the arithmetic operation unit 110.
[0111] The decoded picture buffer 112 stores only the image of the view which is a processing target (and the view
ID and the POC of the image), but the decoded multi-viewpoint picture buffer 121 stores the image of each viewpoint
(view) (and the view ID and the POC of the image). That is, the decoded multi-viewpoint picture buffer 121 acquires the
decoded image (and the view ID and the POC of the image) supplied to the decoded picture buffer 112, and stores the
decoded image (and the view ID and the POC of the image) along with the decoded picture buffer 112.
[0112] When the view which is a processing target changes, the decoded picture buffer 112 erases the decoded
image, but the decoded multi-viewpoint picture buffer 121 keeps the image. Then, the decoded image that is stored
(and the view ID and the POC of the image) is supplied to the decoded picture buffer 112 as the "decoded image of a
view which is not a processing target", according to a request from the decoded picture buffer 112 or the like. The
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decoded picture buffer 112 supplies the "decoded image of a view which is not a processing target (and the view ID and
the POC of the image)" read from the decoded multi-viewpoint picture buffer 121 to the motion parallax predictor/com-
pensator 115 via the selector 113.
[0113] The correlated region determiner 122 sets the value of the temporally correlated region use restriction flag or
the spatially correlated region use restriction flag according to the type of prediction (spatial prediction, temporalprediction,
parallaxprediction, etc.) performed in a focused region or a correlated region. The correlated region determiner 122
supplies the temporally correlated region use restriction flag and the spatially correlated region use restriction flag whose
values have been set to the motion parallax predictor/compensator 115. The motion parallax predictor/compensator 115
generates a prediction vector under the restrictions of the flags.
[0114] Also, the correlated region determiner 122 supplies the temporally correlated region use restriction flag and
the spatially correlated region use restriction flag whose values have been set to the lossless encoder 106 so as to have
the flags encoded. That is, these pieces of flag information are encoded by the lossless encoder 106, added to the slice
header or the like, for example, and are transmitted to the decoding side. That is, reconstruction of a prediction vector
in the motion parallax compensation process at the time of decoding is also performed under the restrictions of these flags.

[Motion Parallax Predictor/Compensator]

[0115] Fig. 15 is a block diagram showing a typical example structure of the motion parallax predictor/compensator
in Fig. 1.
[0116] As shown in Fig. 15, the motion parallax predictor/compensator 115 includes a motion parallax vector searcher
131, a predicted image generator 132, an encoding information accumulation buffer 133, and a selector 134. Also, the
motion parallax predictor/compensator 115 includes a spatial correlation prediction vector generator 135, a temporal
parallax correlation prediction vector generator 136, a selector 137, an encoding cost calculator 138, and a mode
determiner 139.
[0117] The motion parallax vector searcher 131 acquires a decoded image pixel value from the decoded picture buffer
112, and acquires an original image pixel value from the frame reordering buffer 102. The motion parallax vector searcher
131 decides the reference image index of a focused image, which is a processing target, by using the values, performs
motion search in the temporal direction and the parallax direction, and generates a motion vector and a parallax vector.
[0118] Additionally, in the following, in the case there is no need to distinguish between, or in the case of referring to
both of, a motion vector indicating the motion in the temporal direction, that is, the motion between frames (pictures) ,
and a parallax vector indicating the motion in the parallax direction, that is, the motion between the views, they are
referred to as the motion parallax vector.
[0119] The motion parallax vector searcher 131 supplies a reference image index and a motion parallax vector to the
predicted image generator 132 and the encoding cost calculator 138.
[0120] The predicted image generator 132 acquires the reference image index and the motion parallax vector from
the motion parallax vector searcher 131, and also, acquires a decoded image pixel value from the decoded picture buffer
112. The predicted image generator 132 generates a predicted image of a focused region using these. The predicted
image generator 132 supplies the predicted image pixel value to the encoding cost calculator 138.
[0121] The encoding information accumulation buffer 133 stores the mode information indicating the mode selected
as the optimal mode by the mode determiner 139, and the reference image index and the motion parallax vector of the
mode. The encoding information accumulation buffer 133 supplies these pieces of information stored to the selector
134 at a predetermined timing or according to a request from outside.
[0122] The selector 134 supplies the mode information, the reference index and the motion parallax vector supplied
from the encoding information accumulation buffer 133 to the spatial correlation prediction vector generator 135 or the
temporal parallax correlation prediction vector generator 136.
[0123] The spatial correlation prediction vector generator 135 and the temporal parallax correlation prediction vector
generator 136 each generates a prediction value (a prediction vector) of a motion vector of a focused region, which is
a processing target.
[0124] The spatial correlation prediction vector generator 135 generates a prediction value (a spatial correlation pre-
diction vector) by using a spatial correlation. More specifically, the spatial correlation prediction vector generator 135
acquires information (the mode information, the reference image index, the motion parallax vector, and the like) about
the motion information of a peripheral region, of a frame (a focused frame) same as that in the focused region, positioned
in the spatial periphery of the focused region from the encoding information accumulation buffer 133 via the selector 134.
[0125] For example, the spatial correlation prediction vector generator 135 performs median calculation by using
motion vectors of a plurality of spatially peripheral regions (spatially peripheral motion vectors), and generates a spatial
correlation prediction vector. The spatial correlation prediction vector generator 135 supplies the spatial correlation
prediction vector generated to the selector 137.
[0126] Additionally, the spatial correlation prediction vector generator 135 performs the process as described above
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according to the control by the correlated region determiner 122. That is, in the case the value of the spatially correlated
region use restriction flag is 1, the spatial correlation prediction vector generator 135 does not generate the spatial
correlation prediction vector. Also, in the case the value of the spatially correlated region use restriction flag is 0, the
spatial correlation prediction vector generator 135 generates the spatial correlation prediction vector.
[0127] The temporal parallax correlation prediction vector generator 136 generates a prediction vector (a temporal
parallax correlation prediction vector (a temporal correlation prediction vector or a parallax correlation prediction vector)
by using a temporal correlation or a parallax correlation. More specifically, for example, the temporal parallax correlation
prediction vector generator 136 acquires information about the motion information of a peripheral region (a temporally
peripheral region) positioned in a temporal periphery of a focused region from the encoding information accumulation
buffer 133 via the selector 134. A temporally peripheral region is a region of the same view (a focused view) as the
focused region and at a position corresponding to the focused region of a frame (a picture) different from the focused
frame, or a region in its periphery.
[0128] Also, for example, the temporal parallax correlation prediction vector generator 136 acquires information about
the motion information of a peripheral region (a parallax peripheral region) positioned in a parallax periphery of the
focused region from the encoding information accumulation buffer 133 via the selector 134. A parallax peripheral region
is a region of a view different from the view of the focused region (a focused view) and at a position corresponding to
the focused region of a frame (a picture) at the same time as the focused frame, or a region in its periphery.
[0129] For example, the temporal parallax correlation prediction vector generator 136 performs median calculation by
using motion vectors of a plurality of temporally peripheral regions (temporally peripheral motion vectors), and generates
a temporal correlation prediction vector. Also, for example, the temporal parallax correlation prediction vector generator
136 performs median calculation by using motion vectors of a plurality of parallax peripheral regions (parallax peripheral
motion vectors), and generates a parallax correlation prediction vector.
[0130] The temporal parallax correlation prediction vector generator 136 supplies the temporal parallax correlation
prediction vector thus generated to the selector 137.
[0131] Additionally, the temporal parallax correlation prediction vector generator 136 performs the process as described
above according to the control by the correlated region determiner 122. That is, in the case the value of the temporally
correlated region use restriction flag is 1, the temporal parallax correlation prediction vector generator 136 does not
generate the temporal parallax correlation prediction vector. Also, in the case the value of the temporally correlated
region use restriction flag is 0, the temporal parallax correlation prediction vector generator 136 generates the temporal
parallax correlation prediction vector.
[0132] The spatial correlation prediction vector generator 135 and the temporal parallax correlation prediction vector
generator 136 each generates the prediction vector in each inter prediction mode.
[0133] The selector 137 supplies the spatial correlation prediction vector supplied from the spatial correlation prediction
vector generator 135, and the temporal parallax correlation prediction vector supplied from the temporal parallax corre-
lation prediction vector generator 136 to the encoding cost calculator 138.
[0134] The encoding cost calculator 138 calculates a difference value (a difference image) between the predicted
image and the original image for each inter prediction mode by using the predicted image pixel value supplied from the
predicted image generator 132 and the original image pixel value supplied from the frame reordering buffer 102. Also,
the encoding cost calculator 138 calculates the cost function value (referred to also as an encoding cost value) for each
inter prediction mode by using the difference image pixel value.
[0135] Furthermore, the encoding cost calculator 138 selects one of the spatial correlation prediction vector and the
temporal parallax correlation prediction vector supplied from the selector 137 that is closer to the motion parallax vector
of the focused region supplied from the motion parallax vector searcher 131, as the prediction vector for the focused
region. Also, the encoding cost calculator 138 generates a difference motion parallax vector which is a difference value
between the prediction vector and the motion parallax vector of the focused region. The encoding cost calculator 138
generates the difference motion parallax vector in each inter prediction mode.
[0136] The encoding cost calculator 138 supplies difference motion parallax information including the encoding cost
value, the predicted image pixel value and the difference motion parallax vector, and prediction information including
the prediction vector and the reference image index in each inter prediction mode to the mode determiner 139.
[0137] The mode determiner 139 selects an inter prediction mode whose encoding cost value is the smallest as the
optimal mode. The mode determiner 139 supplies the predicted image pixel value of the inter prediction mode selected
as the optimal mode to the predicted image selector 116.
[0138] In the case inter prediction is selected by the predicted image selector 116, the mode determiner 139 supplies
mode information which is information about the inter prediction mode selected as the optimal mode, and the difference
motion parallax information and the prediction information of the inter prediction mode to the lossless encoder 106 so
as to have the pieces of information encoded. These pieces of information are encoded, and are transmitted to the
decoding side.
[0139] Also, the mode determiner 139 supplies the mode information, the difference motion parallax information and



EP 2 760 204 A1

14

5

10

15

20

25

30

35

40

45

50

55

the prediction information of the inter prediction mode selected as the optimal mode to the encoding information accu-
mulation buffer 133, and causes the encoding information accumulation buffer 133 to store these pieces of information.
These pieces of information are used as the information about a peripheral region when processing other regions that
are to be processed temporally after the focused region.
[0140] In this manner, the temporal parallax correlation prediction vector generator 136 may generate not only the
motion correlation prediction vector, but also the parallax correlation prediction vector. Accordingly, even if the vector
of a focused region is a parallax vector, the motion parallax predictor/compensator 115 may generate a prediction vector
with a high prediction accuracy. The image encoding device 100 may thus suppress reduction in the encoding efficiency.
[0141] Also, with the correlated region determiner 122 controlling the use of a correlated region based on the relationship
in the prediction direction, the spatial correlation prediction vector generator 135 and the temporal parallax correlation
prediction vector generator 136 are enabled to suppress occurrence of unnecessary load, such as generation of a
prediction vector with a low prediction accuracy or interruption of the process, when generating a prediction vector, and
the processing time and the amount of memory usage may be reduced. Also, because of this restriction, the spatial
correlation prediction vector generator 135 and the temporal parallax correlation prediction vector generator 136 are
enabled to appropriately generate a prediction vector with a high prediction accuracy, and the encoding efficiency may
be improved. Additionally, in the case of the present technology, the restriction is imposed on the base view prediction
method, and extension from a conventional method is facilitated.
[0142] Furthermore, by transmitting the use restriction flag of a correlated region to the decoding side, prediction of a
vector may be performed on the decoding side in the same manner as the image encoding device 100. That is, the
encoded data generated by the image encoding device 100 may be correctly decoded, and also, the processing time
and the amount of memory usage may be reduced also at the time of decoding.

[Example of Use Restriction]

[0143] Example settings of the spatially correlated region use restriction flag and the temporally correlated region use
restriction flag are shown in Fig. 16.
[0144] As shown in Fig. 16, in the case the parallax prediction is performed in the temporally correlated region, use
of the temporally correlated region is prohibited. That is, the value of the temporally correlated region use restriction flag
is set to 1.
[0145] Also, in the case the temporal prediction is performed in the temporally correlated region, and only the temporally
prediction is performed in the focused region, use of the temporally correlated region is prohibited. That is, the value of
the temporally correlated region use restriction flag is set to 1.
[0146] In other cases, use of the temporally correlated region is allowed. That is, the value of the temporally correlated
region use restriction flag is set to 0.
[0147] Furthermore, in the case the parallax prediction is performed in the spatially correlated region, use of the
spatially correlated region is prohibited. That is, the value of the spatially correlated region use restriction flag is set to 1.
[0148] In other cases, use of the spatially correlated region is allowed. That is, the value of the spatially correlated
region use restriction flag is set to 0.

[Syntax]

[0149] An example of the syntax of a sequence parameter set for this case is shown in Fig. 17. As shown in Fig. 17,
the sequence parameter set includes, from the twelfth to the third lines from the bottom, information such as the total
number of views, the ID for identifying a view, the number of pieces for parallax prediction in the list L0, the ID of a view
to be referred to in the parallax prediction in the list L0, the number of pieces for parallax prediction in the list L1, and
the ID of a view to be referred to in the parallax prediction in the list L1. These pieces of information are information
necessary to a multi-viewpoint image. In other words, the present technology may be applied without adding a new
syntax to the sequence parameter set.
[0150] An example of the syntax of a slice header for this case is shown in Fig. 18 . As shown in Fig. 18, in the slice
header, the temporally correlated region use restriction flag is set in the ninth and the tenth lines from the bottom. Also,
the spatially correlated region use restriction flag is set in the fifth line from the bottom.

[Flow of Encoding Process]

[0151] Next, flows of processes performed by the image encoding device 100 as described above will be described.
First, an example of a flow of an encoding process will be described with reference to the flowchart of Fig. 19.
[0152] In step S101, the A/D converter 101 performs A/D conversion on an input image. In step S102, the frame
reordering buffer 102 stores the image obtained by the A/D conversion and reorders respective pictures in display order



EP 2 760 204 A1

15

5

10

15

20

25

30

35

40

45

50

55

into encoding order.
[0153] In step S103, the intra predictor 114 performs an intra prediction process. In step S104, the motion parallax
predictor/compensator 115 performs an inter motion prediction process. In step S105, the predicted image selector 116
selects one of the predicted image generated by the intra prediction and the predicted image generated by the inter
prediction.
[0154] In step S106, the arithmetic operation unit 103 computes a difference between the reordered image obtained
by the processing in step S102 and the predicted image selected by the processing in step S105 (generates a difference
image). The data amount of the difference image generated is reduced compared to the original image. Accordingly,
the data amount can be made smaller than in a case where images are directly encoded.
[0155] In step S107, the orthogonal transformer 104 performs orthogonal transform on the difference information
generated by the processing in step S106. Specifically, orthogonal transform such as discrete cosine transform or
Karhunen-Loeve transform is performed, and an orthogonal transform coefficient is output. In step S108, the quantizer
105 quantizes the orthogonal transform coefficient obtained by the processing in step S107.
[0156] The difference information quantized by the processing in step S108 is locally decoded as follows. In step S109,
the inverse quantizer 108 performs inverse quantization on the quantized orthogonal transform coefficient (also referred
to as a quantized coefficient) generated by the processing in step S108 with characteristics corresponding to those of
the quantizer 105. In step S110, the inverse orthogonal transformer 109 performs inverse orthogonal transform on the
orthogonal transform coefficient obtained by the processing in step S109 with characteristics corresponding to those of
the orthogonal transformer 104. The difference image is thus restored.
[0157] In step S111, the arithmetic operation unit 110 adds the predicted image selected in step S105 to the difference
mage generated in step S110, and generates a decoded image (a reconstructed image) which is locally decoded. In
step S112, the loop filter 111 performs, as appropriate, a loop filtering process including a deblocking filtering process,
an adaptive loop filtering process or the like on the reconstructed image obtained by the processing in step S111, and
generates a decoded image.
[0158] In step S113, the decoded picture buffer 112 and the decoded multi-viewpoint picture buffer 121 store the
decoded image generated by the processing in step S112 or the reconstructed image generated by the processing in
step S111.
[0159] In step S114, the lossless encoder 106 encodes the transform coefficient quantized by the processing in step
S108. Specifically, lossless coding such as variable-length coding or arithmetic coding is performed on the difference
image. Additionally, the lossless encoder 106 encodes information about prediction, information about quantization,
information about a filtering process or the like, and adds the same to a bit stream.
[0160] In step S115, the accumulation buffer 107 accumulates the bit stream obtained by the processing in step S114.
The encoded data accumulated in the accumulation buffer 107 is read out as necessary and transmitted to the decoding
side via a transmission path or a recording medium.
[0161] In step S116, the quantizer 105 controls the rate of the quantization operation based on the bit rate (the generated
bit rate) of the encoded data accumulated in the accumulation buffer 107 by the processing in step S115 such that
overflow or underflow does not occur.
[0162] The encoding process is terminated when the processing in step S116 ends.

[Flow of Inter Motion Prediction Process]

[0163] Next, an example of a flow of the inter motion prediction process performed in step S104 of Fig. 19 will be
described with reference to the flowchart of Fig. 20.
[0164] In step S121, the correlated region determiner 122 performs a restriction determination process of setting the
value of the correlated region restriction flag. In step S122, the motion parallax vector searcher 131 performs a motion
search with respect to an inter prediction mode which is a processing target, and generates a motion parallax vector (a
motion vector or a parallax vector) of a focused region, which is a processing target. In step S123, the predicted image
generator 132 performs a compensation process by using the motion parallax vector generated in step S122, and
generates a predicted image. In step S124, the encoding cost calculator 138 generates a difference image of the predicted
image generated in step S123 and the original image (the input image).
[0165] In step S125, the encoding cost calculator 138 performs a merge mode process by using the spatial correlation
prediction vector generator 135, the temporal parallax correlation prediction vector generator 136, or the like.
[0166] In step S126, the encoding cost calculator 138 compares the motion parallax vector of the focused region
generated in step S122 and the prediction vector of the focused region generated by the processing in step S125, and
determines whether the merge mode is to be applied in the focused region.
[0167] If the two do not match, and it is determined that the merge mode is not to be applied, the encoding cost
calculator 138 proceeds to step S127, and performs a motion parallax vector prediction process by using the spatial
correlation prediction vector generator 135, the temporal parallax correlation prediction vector generator 136, or the like.
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When the processing in step S127 is terminated, the encoding cost calculator 138 proceeds to step S128.
[0168] Also, if, in step S126, the motion parallax vector and the prediction vector of the focused region match, and
application of the merge mode in the focused region is determined, the encoding cost calculator 138 skips the processing
in step S127, and proceeds to step S128.
[0169] In step S128, the encoding cost calculator 138 determines whether the processes described above have been
performed in all the inter prediction modes, and in the case it is determined that there is still an inter prediction mode
not yet processed, the process returns to step S121, and control is performed such that the processes of step S121 and
later are performed for the inter prediction mode not yet processed. That is, each of the processes from step S121 to
step S128 is performed for each inter prediction mode.
[0170] In the case it is determined in step S128 that the processes have beenperformedfor all the inter prediction
modes, the encoding cost calculator 138 proceeds to step S129. In step S129, the encoding cost calculator 138 calculates
the cost function value of each inter prediction mode.
[0171] In step S130, the mode determiner 139 decides the inter prediction mode whose cost function value (the
encoding cost value) calculated in step S129 is the smallest as the optimal mode (the optimal inter prediction mode) .
[0172] In step S131, the predicted image generator 132 generates a predicted image in the optimal inter prediction
mode. This predicted image is supplied to the predicted image selector 116.
[0173] In the case the inter prediction is selected in step S105 of Fig. 19, the encoding information accumulation buffer
133 stores, in step S132, the mode information and the motion information (the motion parallax vector, the reference
image index, and the like) of the optimal inter prediction mode. In the cases the intra prediction mode is selected, a zero
vector is stored as the motion parallax vector. Additionally, in the case the inter prediction is selected in step S105 of
Fig. 19, these pieces of information are also supplied to the lossless encoder 106, and are transmitted to the decoding
side after being encoded.
[0174] When the processing in step S132 is terminated, the encoding information accumulation buffer 133 ends the
inter motion prediction process, and returns the process to Fig. 19.

[Flow of Restriction Determination Process]

[0175] Next, an example of a flow of the restriction determination process performed in step S121 of Fig. 20 will be
described with reference to the flowchart of Fig. 21. When a restriction determination process is started, the correlated
region determiner 122 acquires, in step S141, a reference image of the focused region from the decoded picture buffer
112 by using a reference image index acquired from the encoding information accumulation buffer 133.
[0176] In step S142, the correlated region determiner 122 acquires a reference image of a temporally correlated region
from the decoded picture buffer 112 by using a reference image index acquired from the encoding information accumu-
lation buffer 133.
[0177] In step S143, the correlated region determiner 122 determines, by using these pieces of information, whether
the parallax prediction is to be performed in the temporally correlated region. In the case it is determined that the parallax
prediction is to be performed in the temporally correlated region, the correlated region determiner 122 proceeds to step
S144, and sets the temporally correlated region use restriction flag to 1. When the processing in step S144 is terminated,
the correlated region determiner 122 proceeds to step S147.
[0178] Also, in the case the parallax prediction is determined in step S143 not to be performed in the temporally
correlated region, the correlated region determiner 122 proceeds to step S145. In step S145, the correlated region
determiner 122 determines whether only the parallax prediction is to be performed in the focused region. In the case it
is determined that only the parallax prediction is to be performed in the focused region, the correlated region determiner
122 returns the process to step S144. That is, the temporally correlated region use restriction flag is set to 1.
[0179] Also, in the case it is determined in step S145 that other than the parallax prediction is also to be performed in
the focused region, the correlated region determiner 122 proceeds to step S146. In step S146, the correlated region
determiner 122 sets the temporally correlated region use restriction flag to 0. When the processing in step S146 is
terminated, the correlated region determiner 122 proceeds to step S147.
[0180] In step S147, the correlated region determiner 122 determines whether the parallax prediction is to be performed
in the focused region. In the case it is determined that the parallax prediction is not to be performed in the focused region,
the correlated region determiner 122 proceeds to step S148, sets the value of the spatially correlated region use restriction
flag to 0, ends the restriction determination process, and returns the process to Fig. 20.
[0181] Also, in the case it is determined in step S147 that the parallax prediction is to be performed in the focused
region, the correlated region determiner 122 proceeds to step S149, sets the spatially correlated region use restriction
flag to 1, ends the restriction determination process, and returns the process to Fig. 20.
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[Flow of Merge Mode Process]

[0182] Next, an example of a flow of the merge mode process performed in step S125 of Fig. 20 will be described
with reference to the flowchart of Fig. 22.
[0183] When a merge mode process is started, the spatial correlation prediction vector generator 135 performs, in
step S161, a spatial correlation prediction process of generating a spatial correlation prediction vector by using the
correlation to a spatially peripheral region. In step S162, the temporal parallax correlation prediction vector generator
136 performs a temporal correlation prediction process of generating a temporal parallax correlation prediction vector
by using the correlation to a temporally peripheral region or a parallax peripheral region.
[0184] In step S163, the encoding cost calculator 138 removes the overlapping vector among spatial correlation
prediction vectors generated in step S161 and the temporal parallax prediction vectors generated in step S162.
[0185] In step S164, the encoding cost calculator 138 determines whether there is a vector. If even one spatial cor-
relation prediction vector or a temporal parallax correlation prediction vector is determined to exist, the encoding cost
calculator 138 proceeds to step S165.
[0186] In step S165, the encoding cost calculator 138 determines whether there are a plurality of vectors. In the case
a plurality of vectors is determined to exist, the encoding cost calculator 138 proceeds to step S166, and acquires a
merge index. In the case it is determined that a plurality of vectors do not exist, the encoding cost calculator 138 skips
the processing in step S166.
[0187] In the case there is a spatial correlation prediction vector or a temporal parallax correlation prediction vector
that matches the motion vector of the focused region, the encoding cost calculator 138 acquires the matching vector as
a prediction vector in step S167, and acquires a reference image index in step S168.
[0188] When the processing in step S168 is terminated, the encoding cost calculator 138 ends the merge mode
process, and returns the process to Fig. 20.
[0189] Also, in the case it is determined in step S164 that not even one spatial correlation prediction vector or a
temporal parallax correlation prediction vector exists, the encoding cost calculator 138 proceeds to step S169.
[0190] In step S169, the encoding cost calculator 138 assigns an initial value (for example, a zero vector) to the
prediction vector. Also, in step S170, the encoding cost calculator 138 assigns an initial value (for example, 0) to the
reference image index.
[0191] When the processing in step S170 is terminated, the encoding cost calculator 138 ends the merge mode
process, and returns the process to Fig. 20.

[Flow of Spatial Correlation Prediction Process]

[0192] Next, an example of a flow of the spatial correlation prediction process performed in step S161 of Fig. 22 will
be described with reference to the flowchart of Fig. 23.
[0193] When a spatial correlation prediction process is started, the spatial correlation prediction vector generator 135
determines, in step S181, whether a spatially correlated region use restriction flag is 0. In the case the spatially correlated
region use restriction flag is determined to be 1, the spatial correlation prediction vector generator 135 ends the spatial
correlation prediction process, and returns the process to Fig. 22.
[0194] Also, in the case the spatially correlated region use restriction flag is determined in step S181 to be 0, the
spatial correlation prediction vector generator 135 proceeds to step S182, and sequentially selects the peripheral regions
A to D (Fig. 2) one by one. The selected peripheral region is referred to as a focused peripheral region.
[0195] In step S183, the spatial correlation prediction vector generator 135 determines whether the prediction mode
of the focused peripheral region selected in step S182 (that is, one of the peripheral regions A to D) is the inter prediction.
In the case the mode is determined to be not the inter prediction, the spatial correlation prediction vector generator 135
proceeds to step S184. In step S184, the spatial correlation prediction vector generator 135 removes the motion vector
of the focused peripheral region from the candidates for the prediction vector.
[0196] In step S185, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region is the peripheral region D, and in the case the focused peripheral region is determined to be the peripheral region
D, the spatial correlation prediction process is ended, and the process is returned to Fig. 22.
[0197] Also, in the case it is determined in step S185 that the focused peripheral region is not the peripheral region
D, the spatial correlation prediction vector generator 135 returns the process to step S182, and repeats the processes
from step S182. That is, the focused peripheral region is updated, and the same processes are repeated.
[0198] Furthermore, in the case the prediction mode of the focused peripheral region is determined in step S183 to
be the inter prediction, the spatial correlation prediction vector generator 135 proceeds to step S186.
[0199] In step S186, the spatial correlation prediction vector generator 135 determines whether the partition mode of
a prediction unit is 2N 3 N (the example at the top right in Fig. 1), and the index of the focused region (a prediction unit
which is a processing target) is 1. In the case it is determined that the partition mode of the prediction unit is 2N 3 N,
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and that the index of the focused region is 1, the spatial correlation prediction vector generator 135 proceeds to step S187.
[0200] In step S187, the spatial correlation prediction vector generator 135 determines whether the focused region
has the same motion information as the peripheral region B. In the case the motion information is determined to be the
same, the spatial correlation prediction vector generator 135 returns the process to step S184.
[0201] Furthermore, in the case it is determined in step S187 that the motion information of the focused region is
different from that of the peripheral region B, the spatial correlation prediction vector generator 135 proceeds to step
S188. Also, in the case it is determined in step S186 that the partition mode of the prediction unit is not 2N x N, or that
the partition mode of the prediction unit is 2N 3 N but the index of the focused region is not 1, the spatial correlation
prediction vector generator 135 proceeds to step S188.
[0202] In step S188, the spatial correlation prediction vector generator 135 determines whether the partition mode of
the prediction unit is N 3 2N (the example at the bottom left in Fig. 1), and the index of a focused region (the prediction
unit which is a processing target) is 1. In the case it is determined that the partition mode of the prediction unit is N 3
2N, and that the index of the focused region is 1, the spatial correlation prediction vector generator 135 proceeds to step
S189.
[0203] In step S189, the spatial correlation prediction vector generator 135 determines whether the focused region
has the same motion information as the peripheral region A. In the case the motion information is determined to be the
same, the spatial correlation prediction vector generator 135 returns the process to step S184.
[0204] Furthermore, in the case it is determined in step S189 that the motion information of the focused region is
different from that of the peripheral region A, the spatial correlation prediction vector generator 135 proceeds to step
S190. Also, in the case it is determined in step S188 that the partition mode of the prediction unit is not N 3 2N, or that
the partition mode of the prediction unit is N 3 2N but the index of the focused region is not 1, the spatial correlation
prediction vector generator 135 proceeds to step S190.
[0205] In step S190, the spatial correlation prediction vector generator 135 determines whether the partition mode of
the prediction unit is N 3 N (the example at the bottom right in Fig. 1), and the index of a focused region (the prediction
unit which is a processing target) is 3. In the case it is determined that the partition mode of the prediction unit is N 3
N, and that the index of the focused region is 3, the spatial correlation prediction vector generator 135 proceeds to step
S191.
[0206] In step S191, the spatial correlation prediction vector generator 135 determines whether a peripheral region X
and the peripheral region A have the same motion information, and the focused region has the same motion information
as the peripheral region B. In the case it is determined that the peripheral region X and the peripheral region A have the
same motion information, and that the focused region has the same motion information as the peripheral region B, the
spatial correlation prediction vector generator 135 returns the process to step S184.
[0207] Also, in the case it is determined in step S191 that the motion information of the peripheral region X is not the
same as that of the peripheral region A, or that the motion information of the focused region is different from that of the
peripheral region B, the spatial correlation prediction vector generator 135 proceeds to step S192.
[0208] In step S192, the spatial correlation prediction vector generator 135 determines whether the peripheral region
X and the peripheral region B have the same motion information, and the focused region and the peripheral region A
have the same motion information. In the case it is determined that the peripheral region X and the peripheral region B
have the same motion information, and that the focused region has the same motion information as the peripheral region
A, the spatial correlation prediction vector generator 135 returns the process to step S184.
[0209] Furthermore, in the case it is determined in step S192 that the motion information of the peripheral region X is
not the same as that of the peripheral region B, or that the motion information of the focused region is not the same as
that of the peripheral region A, the spatial correlation prediction vector generator 135 proceeds to step S193.
[0210] Also, in the case it is determined in step S190 that the partition mode of the prediction unit is not N 3 N, or that
the partition mode of the prediction unit is N 3 N but the index of the focused region is not 3, the spatial correlation
prediction vector generator 135 proceeds to step S193.
[0211] The spatial correlation prediction vector generator 135 holds the motion vector of the focused peripheral region
in step S193, and holds the reference image index of the focused peripheral region in step S194. When the processing
in step S194 is terminated, the spatial correlation prediction vector generator 135 returns the process to step S185.
[0212] The spatial correlation prediction vector generator 135 narrows down the candidates for a prediction vector
(spatial correlation prediction vectors) in the manner described above.

[Flow of Temporal Parallax Correlation Prediction Process]

[0213] Next, an example of a flow of the temporal parallax correlation prediction process performed in step S162 of
Fig. 22 will be described with reference to the flowcharts of Figs. 24 and 25.
[0214] When the temporal parallax correlation prediction process is started, the temporal parallax correlation prediction
vector generator 136 determines, in step S201, whether the temporally correlated region use restriction flag is 0. In the
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case the temporal parallax correlated region use restriction flag is determined to be 1, the temporal parallax correlation
prediction vector generator 136 ends the temporal parallax correlation prediction process, and returns the process to
Fig. 22.
[0215] Also, in the case the temporal parallax correlated region use restriction flag is determined in step S201 to be
0, the temporal parallax correlation prediction vector generator 136 proceeds to step S202, and decides the reference
image index of the focused region. Also, in step S203, the temporal parallax correlation prediction vector generator 136
decides a picture with respect to which motion information is to be predicted. Furthermore, in step S204, the temporal
parallax correlation prediction vector generator 136 decides a region (a focused correlated region) with respect to which
motion information is to be predicted.
[0216] In step S205, the temporal parallax correlation prediction vector generator 136 determines whether the focused
correlated region is an intra-predicted region, or whether it cannot be referred to. In the case the focused correlated
region is determined to be an intra-predicted region, or in the case reference to the focused correlated region is determined
to be not allowed, the temporal parallax correlation prediction vector generator 136 proceeds to step S206.
[0217] In step S206, the temporal parallax correlation prediction vector generator 136 removes the motion vector of
the focused correlated region from the candidates for the prediction vector, ends the temporal parallax correlation
prediction process, and returns the process to Fig. 22.
[0218] Furthermore, in the case it is determined in step S205 that the focused correlated region is an inter-predicted
region which can be referred to, the temporal parallax correlation prediction vector generator 136 proceeds to step S207.
[0219] In step S207, the temporal parallax correlation prediction vector generator 136 determines whether the focused
correlated region is a region of an L1 reference. In the case the focused correlated region is determined to be a region
of the L1 reference, the temporal parallax correlation prediction vector generator 136 proceeds to step S208.
[0220] The temporal parallax correlation prediction vector generator 136 acquires a motion vector of the focused
correlated region in step S208, acquires a reference image index in step S209, decides an interlaced flag of a reference
image in step S210, and proceeds to step S211. Also, in the case the focused correlated region is determined in step
S207 to be not a region of the L1 reference, the temporal parallax correlation prediction vector generator 136 proceeds
to step S211.
[0221] In step S211, the temporal parallax correlation prediction vector generator 136 determines whether the focused
correlated region is a region of an L0 reference. In the case the focused correlated region is determined to a region of
the L0 reference, the temporal parallax correlation prediction vector generator 136 proceeds to step S212.
[0222] The temporal parallax correlation prediction vector generator 136 acquires a motion vector of the focused
correlated region in step S212, acquires a reference image index in step S213, decides an interlaced flag of a reference
image in step S214, and proceeds to step S221 of Fig. 25. Also, in the case it is determined in step S211 of Fig. 24 that
the focused correlated region is not a region of the L0 reference, the temporal parallax correlation prediction vector
generator 136 proceeds to step S221 of Fig. 25.
[0223] In step S221 of Fig. 25, the temporal parallax correlation prediction vector generator 136 determines whether
only the interlaced flag of L1 is 1, or the values of the interlaced flags of L0/L1 are the same and there is reference to L1.
[0224] In the case it is determined that only the interlaced flag of L1 is 1, or in the case it is determined that the values
of the interlaced flags of L0/L1 are the same and there is reference to L1, the temporal parallax correlation prediction
vector generator 136 proceeds to step S222.
[0225] In step S222, the temporal parallax correlation prediction vector generator 136 acquires a vector of the L1
reference. In step S223, the temporal parallax correlation prediction vector generator 136 acquires the reference image
index of the L1 reference, and proceeds to step S226.
[0226] Also, in the case it is determined in step S221 that the interlaced flag of L1 is not 1 or that the interlaced flag
of L0 is also 0, and it is determined that the values of the interlaced flags of L0/L1 are not the same or that there is no
reference to L1, the temporal parallax correlation prediction vector generator 136 proceeds to step S224.
[0227] In step S224, the temporal parallax correlation prediction vector generator 136 acquires the vector of the L0
reference. In step S225, the temporal parallax correlation prediction vector generator 136 acquires the reference image
index of the L0 reference, and proceeds to step S226.
[0228] In step S226, the temporal parallax correlation prediction vector generator 136 takes the acquired vector of the
L1 reference or the acquired vector of the L0 reference as thepredictionvector. At this time, the temporal parallax
correlation prediction vector generator 136 performs scaling of the vector by using the distance to the reference image
in the focused region or the correlated region, and takes the result of the scaling as the prediction vector.
[0229] When the process of step S226 is terminated, the temporal parallax correlation prediction vector generator 136
returns the process to Fig. 24, ends the temporal parallax correlation prediction process, and returns the process to Fig. 22.

[Flow of Motion Parallax Vector Prediction Process]

[0230] Next, an example of a flow of the motion parallax vector prediction process performed in step S127 of Fig. 20
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will be described with reference to the flowchart of Fig. 26.
[0231] When the motion parallax vector prediction process is started, the spatial correlation prediction vector generator
135 performs the spatial correlation prediction process in step S231, and generates a spatial correlation prediction
vector. In step S232, the temporal parallax correlation prediction vector generator 136 performs the temporal parallax
correlation prediction process, and generates a temporal parallax correlation prediction vector. Additionally, the temporal
parallax correlation prediction process in this case is performed in the same manner as in the case described with
reference to the flowcharts of Figs. 24 and 25.
[0232] In step S233, the encoding cost calculator 138 removes the overlapping vector among spatial correlation
prediction vectors generated in step S231 and the temporal parallax prediction vectors generated in step S232.
[0233] The encoding cost calculator 138 selects, from the remaining vectors, the vector closest to the motion vector
of the focused region, generates a prediction vector index indicating the vector in step S234, and in step S235, makes
the vector the prediction vector. When the processing in step S235 is terminated, the encoding cost calculator 138 ends
the motion parallax vector prediction process, and returns the process to Fig. 20.

[Flow of Spatial Correlation Prediction Process]

[0234] Next, an example of a flow of the spatial correlation prediction process performed in step S231 of Fig. 26 will
be described with reference to the flowchart of Fig. 27.
[0235] When the spatial correlation prediction process is started, the spatial correlation prediction vector generator
135 performs, in step S241 of Fig. 27, a peripheral region A motion vector prediction process, which is a motion vector
prediction process for peripheral regions A (A0 and Al in Fig. 9) .
[0236] Also, in step S242, the spatial correlation prediction vector generator 135 performs a peripheral region B motion
vector prediction process, which is a motion vector prediction process for peripheral regions B (B0 to B2 in Fig. 9).
[0237] When the processing in step S242 is terminated, the spatial correlation prediction vector generator 135 ends
the spatial correlation prediction process, and returns the process to Fig. 26.

[Flow of Peripheral Region A Motion Vector Prediction Process]

[0238] Next, an example of a flow of the peripheral region A motion vector prediction process will be described with
reference to the flowchart of Fig. 28.
[0239] When the peripheral region A motion vector prediction process is started, the spatial correlation prediction
vector generator 135 sequentially selects the peripheral regions A0 and A1 (Fig. 9) one by one in step S251.
[0240] The selected peripheral region is referred to as a focused peripheral region.
[0241] In step S252, the spatial correlation prediction vector generator 135 determines whether a focused peripheral
region can be referred to, the focused peripheral region is non-intra, and the reference list and the reference image index
are the same as those of the focused region.
[0242] In the case it is determined that the focused peripheral region is an inter-predicted region that can be referred
to, and that the reference list and the reference image index of the focused peripheral region are the same as those of
the focused region, the spatial correlation prediction vector generator 135 proceeds to step S253.
[0243] In step S253, the spatial correlation prediction vector generator 135 acquires a motion vector of the focused
peripheral region as a prediction vector. In step S254, the spatial correlation prediction vector generator 135 acquires
a reference index of the focused peripheral region. In step S255, the spatial correlation prediction vector generator 135
performs scaling and calculates a prediction vector by using the distance between the focused region and its reference
image, the distance between the spatially correlated region and its reference image, and the like. When the processing
in step S255 is terminated, the spatial correlation prediction vector generator 135 ends the peripheral region A motion
vector prediction process, and returns the process to Fig. 27.
[0244] Also, in the case it is determined in step S252 that the focused peripheral region is not an inter-predicted region
that can be referred to, or that the reference list and the reference image index of the focused peripheral region are
different from those of the focused region, the spatial correlation prediction vector generator 135 proceeds to step S256.
[0245] In step S256, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region is the peripheral region A1, and in the case the focused peripheral region is determined to be not the peripheral
region A1, the process is returned to step S251.
[0246] Furthermore, in the case it is determined in step S256 that the focused peripheral region is the peripheral region
A1, the spatial correlation prediction vector generator 135 proceeds to step S257.
[0247] In step S257, the spatial correlation prediction vector generator 135 sequentially selects the peripheral regions
A0 and A1 (Fig. 9) one by one.
[0248] In step S258, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region can be referred to, the focused peripheral region is non-intra, the reference list is different from that of the focused
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region, the reference image index is the same as that of the focused region, and the spatially correlated region use
restriction flag is 0.
[0249] In the case it is determined that the focused peripheral region can be referred to, that the focused peripheral
region is non-intra, that the reference list is different fromthat of the focused region, that the reference image index is
the same as that of the focused region, and that the spatially correlated region use restriction flag is 0, the spatial
correlation prediction vector generator 135 returns the process to step S253.
[0250] Also, in the case it is determined in step S258 that the focused peripheral region is not an inter-predicted region
that can be referred to, or that the reference list is the same as that of the focused region, or that the reference image
index is different from that of the focused region, or that the spatially correlated region use restriction flag is 1, the spatial
correlation prediction vector generator 135 proceeds to step S259.
[0251] In step S259, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region can be referred to, the focused peripheral region is non-intra, the reference list is the same as that of the focused
region, and the spatially correlated region use restriction flag is 0.
[0252] In the case it is determined that the focused peripheral region can be referred to, that the focused peripheral
region is non-intra, that the reference list is the same as that of the focused region, and that the spatially correlated
region use restriction flag is 0, the spatial correlation prediction vector generator 135 returns the process to step S253.
[0253] Also, in the case it is determined in step S259 that the focused peripheral region is not an inter-predicted region
that can be referred to, or that the reference list is different from that of the focused region, or that the spatially correlated
region use restriction flag is 1, the spatial correlation prediction vector generator 135 proceeds to step S260.
[0254] In step S260, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region can be referred to, the focused peripheral region is non-intra, the reference list is different from that of the focused
region, and the spatially correlated region use restriction flag is 0.
[0255] In the case it is determined that the focused peripheral region can be referred to, that the focused peripheral
region is non-intra, that the reference list is different from that of the focused region, and that the spatially correlated
region use restriction flag is 0, the spatial correlation prediction vector generator 135 returns the process to step S253.
[0256] Also, in the case it is determined in step S260 that the focused peripheral region is not an inter-predicted region
that can be referred to, or that the reference list is the same as that of the focused region, or that the spatially correlated
region use restriction flag is 1, the spatial correlation prediction vector generator 135 proceeds to step S261.
[0257] In step S261, the spatial correlation prediction vector generator 135 determines whether the focused peripheral
region is A1, and in the case it is determined that the focused peripheral region is not A1, the process is returned to step
S257.
[0258] Also, in the case it is determined in step S261 that the focused peripheral region is A1, the spatial correlation
prediction vector generator 135 ends the peripheral region Amotion vector prediction process, and returns the process
to Fig. 27.

[Flow of Peripheral Region B Motion Vector Prediction Process]

[0259] An example of a flow of the peripheral region B motion vector prediction process will be described with reference
to the flowchart of Fig. 29.
[0260] This peripheral region B motion vector prediction process is performed in the same manner as the peripheral
region A motion vector prediction process which has been described with reference to the flowchart of Fig. 28 except
that the peripheral regions which are the processing targets are B0 to B2. That is, each processing from step S271 to
step S281 of Fig. 29 is performed in the same manner as each processing from step S251 to step S261 of Fig. 28.
[0261] When the peripheral region B motion vector prediction process is terminated, the spatial correlation prediction
vector generator 135 returns the process to Fig. 27.
[0262] By performing each processing described above, the temporal parallax correlation prediction vector generator
136 may generate not only the motion correlation prediction vector, but also the parallax correlation prediction vector.
Accordingly, even if the vector of a focused region is a parallax vector, the motion parallax predictor/compensator 115
may generate a prediction vector with a high prediction accuracy. The image encoding device 100 may thus suppress
reduction in the encoding efficiency.
[0263] Also, with the correlated region determiner 122 controlling the use of a correlated region based on the relationship
in the prediction direction, the spatial correlation prediction vector generator 135 and the temporal parallax correlation
prediction vector generator 136 are enabled to suppress occurrence of unnecessary load, such as generation of a
prediction vector with a low prediction accuracy or interruption of the process, when generating a prediction vector, and
the processing time and the amount of memory usage may be reduced. Also, because of this restriction, the spatial
correlation prediction vector generator 135 and the temporal parallax correlation prediction vector generator 136 are
enabled to appropriately generate a prediction vector with a high prediction accuracy, and the encoding efficiency may
be improved. Additionally, in the case of the present technology, the restriction is imposed on the base view prediction
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method, and extension from a conventional method is facilitated.
[0264] Furthermore, by transmitting the use restriction flag of a correlated region to the decoding side, prediction of a
vector may be performed on the decoding side in the same manner as the image encoding device 100. That is, the
encoded data generated by the image encoding device 100 may be correctly decoded, and also, the processing time
and the amount of memory usage may be reduced also at the time of decoding.

<2. Second Embodiment>

[Image Decoding Device]

[0265] Fig. 30 is a block diagram showing a typical example structure of an image decoding device which is an image
processing device. An image decoding device 300 shown in Fig. 30 is a device corresponding to the image encoding
device 100 in Fig. 14. That is, the image decoding device 300 decodes encoded data (a bit stream) which the image
encoding device 100 generated by encoding a multi-viewpoint image, by a decoding method corresponding to the
encoding method of the image encoding device 100 to thereby obtain a decoded multi-viewpoint image.
[0266] As shown in Fig. 30, the image decoding device 300 includes an accumulation buffer 301, a lossless decoder
302, an inverse quantizer 303, an inverse orthogonal transformer 304, an arithmetic operation unit 305, a loop filter 306,
a frame reordering buffer 307, and a D/A converter 308. Also, the image decoding device 300 includes a decoded picture
buffer 309, a selector 310, an intra predictor 311, a motion parallax compensator 312, and a selector 313.
[0267] Furthermore, the image decoding device 300 includes a decoded multi-viewpoint picture buffer 321.
[0268] The accumulation buffer 301 accumulates transmitted encoded data, and supplies the encoded data to the
lossless decoder 302. The lossless decoder 302 decodes information encoded by the lossless encoder 106 of Fig. 14
and supplied from the accumulation buffer 301 by a method corresponding to the encoding method of the lossless
encoder 106. The lossless decoder 302 supplies quantized coefficient data of a difference image obtained by decoding
to the inverse quantizer 303.
[0269] Also, the lossless decoder 302 refers to the information about the optimal prediction mode obtained by decoding
the encoded data, and determines whether the intra prediction mode or the inter prediction mode is selected as the
optimal prediction mode. The lossless decoder 302 supplies the information about the optimal prediction mode to the
intra predictor 311 or the motion parallax compensator 312 based on the determination result. That is, for example, in
the case the intra prediction mode is selected by the image encoding device 100 as the optimal prediction mode, intra
prediction information, which is the information about the optimal prediction mode, and the like are supplied to the intra
predictor 311. Also, for example, in the case the inter prediction mode is selected by the image encoding device 100 as
the optimal prediction mode, inter prediction information, which is the information about the optimal prediction mode,
and the like are supplied to the motion parallax compensator 312.
[0270] Furthermore, the lossless decoder 302 supplies the spatial correlation use restriction flag or the temporal
correlation use restriction flag to the motion parallax compensator 312.
[0271] The inverse quantizer 303 performs inverse quantization on the quantized coefficient data obtained by decoding
by the lossless decoder 302 according to a technique corresponding to the quantization technique of the quantizer 105
in Fig. 14, and supplies the resulting coefficient data to the inverse orthogonal transformer 304. The inverse orthogonal
transformer 304 performs inverse orthogonal transform on the coefficient data supplied from the inverse quantizer 303
according to a technique corresponding to the orthogonal transform technique of the orthogonal transformer 104 in Fig.
14. The inverse orthogonal transformer 304 obtains, by this inverse orthogonal transform process, a difference image
corresponding to the difference image before orthogonal transform by the image encoding device 100.
[0272] The difference image obtained by the inverse orthogonal transform is supplied to the arithmetic operation unit
305. In addition, a predicted image is supplied to the arithmetic operation unit 305 from the intra predictor 311 or the
motion parallax compensator 312 via the selector 313.
[0273] The arithmetic operation unit 305 adds the difference image and the predicted image, and obtains a recon-
structed image corresponding to the image before subtraction of the predicted image by the arithmetic operation unit
103 of the image encoding device 100. The arithmetic operation unit 305 supplies the reconstructed image to the loop
filter 306.
[0274] The loop filter 306 generates a decoded image by appropriately performing aloopfiltering processincluding a
deblocking filtering process, an adaptive loop filtering process or the like on the reconstructed image which has been
supplied. For example, the loop filter 306 removes block distortion by performing the deblocking filtering process on the
reconstructed image. In addition, for example, the loop filter 306 performs loop filtering on the result of deblocking filtering
(the decoded image from which block distortion is removed) by using a Wiener filter to improve the image quality.
[0275] Additionally, the type of filtering process to be performed by the loop filter 306 is arbitrary, and any other filtering
process than described above may be performed. Furthermore, the loop filter 306 may perform filtering by using a filter
coefficient supplied from the image encoding device 100 of Fig. 14.
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[0276] The loop filter 306 supplies a decoded image which is a result of the filtering process to the frame reordering
buffer 307 and the decoded picture buffer 309. Additionally, it is also possible to omit the filtering process by the loop
filter 306. That is, the output of the arithmetic operation unit 305 may be stored in the decoded picture buffer 309 without
being filtered. For example, the intra predictor 311 uses the pixel value of a pixel included in the image as the pixel value
of a peripheral pixel.
[0277] The frame reordering buffer 307 performs reordering with respect to the supplied decoded image. Specifically,
the frames reordered into the encoding order by the frame reordering buffer 102 in Fig. 14 are reordered into the original
display order. The D/A converter 308 D/A converts the decoded image supplied from the frame reordering buffer 307,
and outputs the same to a display, not shown, to be displayed.
[0278] The decoded picture buffer 309 stores the supplied reconstructed image (and the view ID and the POC of the
image) and the supplied decoded image (and the view ID and the POC of the image). Also, the decoded picture buffer
309 supplies, at a predetermined timing or based on a request from outside, for example, the intra predictor 311 or the
motion parallax compensator 312, the stored reconstructed image (and the view ID and the POC of the image) and the
stored decoded image (and the view ID and the POC of the image) to the intra predictor 311 or the motion parallax
compensator 312 via the selector 310.
[0279] The intra predictor 311 performs processing basically the same as that of the intra predictor 114 of Fig. 14.
However, the intra predictor 311 performs the intra prediction only on a region where a predicted image was generated
by the intra prediction at the time of encoding.
[0280] The motion parallax compensator 312 performs motion parallax compensation based on the inter prediction
information supplied from the lossless decoder 302, and generates a predicted image. Additionally, the motion parallax
compensator 312 performs the motion parallax compensation only on a region where the inter prediction was performed
at the time of encoding, based on the inter prediction information supplied from the lossless decoder 302.
[0281] The motion parallax compensator 312 supplies a generated predicted image to the arithmetic operation unit
305 via the selector 313 for each region which is a unit of the prediction processing.
[0282] The selector 313 supplies the predicted image supplied from the intra predictor 311 or the predicted image
supplied from the motion parallax compensator 312 to the arithmetic operation unit 305.
[0283] The decoded picture buffer 309 stores only the image of the view which is a processing target (and the view
ID and the POC of the image), but the decoded multi-viewpoint picture buffer 321 stores the image of each viewpoint
(view) (and the view ID and the POC of the image). That is, the decoded multi-viewpoint picture buffer 321 acquires the
decoded image (and the view ID and the POC of the image) supplied to the decoded picture buffer 309, and stores the
decoded image (and the view ID and the POC of the image) along with the decoded picture buffer 309.
[0284] When the view which is a processing target changes, the decoded picture buffer 309 erases the decoded
image, but the decoded multi-viewpoint picture buffer 321 keeps the image. Then, the decoded image that is stored
(and the view ID and the POC of the image) is supplied to the decoded picture buffer 309 as the "decoded image of a
view which is not a processing target", according to a request from the decoded picture buffer 309 or the like. The
decoded picture buffer 309 supplies the "decoded image of a view which is not a processing target (and the view ID and
the POC of the image)" read from the decoded multi-viewpoint picture buffer 321 to the motion parallax compensator
312 via the selector 310.

[Motion Parallax Compensator]

[0285] Fig. 31 is a block diagram showing a typical example structure of the motion parallax compensator 312.
[0286] As shown in Fig. 30, the motion parallax compensator 312 includes an encoding information accumulation
buffer 331, a selector 332, a spatial correlation prediction vector generator 333, a temporal parallax correlation prediction
vector generator 334, a selector 335, an arithmetic operation unit 336, and a predicted image generator 337.
[0287] The encoding information accumulation buffer 331 acquires mode information, difference motion parallax in-
formation, and prediction information obtained by the lossless decoder 302. Also, the encoding information accumulation
buffer 331 stores an encoded motion parallax vector used by the predicted image generator 337. This motion parallax
vector is used as the motion parallax vector of a peripheral region when performing a process on another region.
[0288] The encoding information accumulation buffer 331 supplies the mode information to one, of the spatial correlation
prediction vector generator 333 and temporal parallax correlation prediction vector generator 334, corresponding to the
type of the prediction vector (the spatial correlation prediction vector or the temporal parallax correlation prediction vector)
specified by the prediction information, via the selector 332.
[0289] Also, the encoding information accumulation buffer 331 supplies the motion parallax vector of a peripheral
region which has been decoded to the spatial correlation prediction vector generator 333 and the temporal parallax
correlation prediction vector generator 334.
[0290] Furthermore, the encoding information accumulation buffer 331 supplies the difference motion parallax vector
included in the difference motion parallax information to the arithmetic operation unit 336. Also, the encoding information
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accumulation buffer 331 supplies the reference image index included in the prediction information to the predicted image
generator 337.
[0291] The spatial correlation prediction vector generator 333 acquires the spatially correlated region use restriction
flag extracted from the encoded data by the lossless decoder 302. Also, the spatial correlation prediction vector generator
333 acquires, according to the spatially correlated region use restriction flag, the mode information, the decoded motion
parallax vector and the like from the encoding information accumulation buffer 331, and generates a spatial correlation
prediction vector based on these pieces of information. This generation method is the same as that of the spatial
correlation prediction vector generator 135. However, in the case of the spatial correlation prediction vector generator
333, the optimal inter prediction mode is determined in advance, and thus, the spatial correlation prediction vector has
to be generated only for the mode. The spatial correlation prediction vector generator 333 supplies the generated spatial
correlation prediction vector to the arithmetic operation unit 336 via the selector 335.
[0292] The temporal parallax correlation prediction vector generator 334 acquires the temporally correlated region
use restriction flag extracted from the encoded data by the lossless decoder 302. Also, temporal parallax correlation
prediction vector generator 334 acquires, according to the temporally correlated region use restriction flag, the mode
information, the decoded motion parallax vector and the like from the encoding information accumulation buffer 331,
and generates a temporal parallax correlation prediction vector based on these pieces of information. This generation
method is the same as that of the temporal parallax correlation prediction vector generator 136. However, in the case
of the temporal parallax correlation prediction vector generator 334, the optimal inter prediction mode is determined in
advance, and thus, the temporal parallax correlation prediction vector has to be generated only for the mode. The
temporal parallax correlation prediction vector generator 334 supplies the generated temporal parallax correlation pre-
diction vector to the arithmetic operation unit 336 via the selector 335.
[0293] In the case the spatial correlation prediction vector is supplied from the spatial correlation prediction vector
generator 333, the selector 335 supplies the same to the arithmetic operation unit 336. Also, in the case the temporal
parallax correlation prediction vector is supplied from the temporal parallax correlation prediction vector generator 334,
the selector 335 supplies the same to the arithmetic operation unit 336.
[0294] The arithmetic operation unit 336 adds the difference motion parallax vector supplied from the encoding infor-
mation accumulation buffer 331 to the spatial correlation prediction vector or the temporal parallax correlation prediction
vector supplied from the selector 335, and reconstructs the motion parallax vector of the focused region. The arithmetic
operation unit 336 supplies the motion parallax vector of the focused region which has been reconstructed to the predicted
image generator 337.
[0295] The predicted image generator 337 generates a predicted image by using the reconstructed motion parallax
vector of the focused region supplied from the arithmetic operation unit 336, the reference image index supplied from
encoding information accumulation buffer 331, and the pixel value of the peripheral image which is an image of a
peripheral region supplied from the decoded picture buffer 309. The predicted image generator 337 supplies the generated
predicted image pixel value to the selector 313.
[0296] In this manner, the temporal parallax correlation prediction vector generator 334 may generate not only the
motion correlation prediction vector, but also the parallax correlation prediction vector. Accordingly, even if the vector
of a focused region is a parallax vector, the motion parallax compensator 312 may generate a prediction vector with a
high prediction accuracy. The image decoding device 300 may thus improve the encoding efficiency.
[0297] Also, by controlling the use of a correlated region by using a correlated region use restriction flag generated
by the correlated region determiner 122, the spatial correlation prediction vector generator 333 and the temporal parallax
correlation prediction vector generator 334 are enabled to suppress occurrence of unnecessary load, such as recon-
struction of a prediction vector with a low prediction accuracy or interruption of the process, when reconstructing a
prediction vector, and the processing time and the amount of memory usage may be reduced. Also, because of this
restriction, the spatial correlation prediction vector generator 333 and the temporal parallax correlation prediction vector
generator 334 are enabled to appropriately generate a prediction vector with a high prediction accuracy, and the encoding
efficiency may be improved. Additionally, in the case of the present technology, the restriction is imposed on the base
view prediction method, and extension from a conventional method is facilitated.

[Flow of Decoding Process]

[0298] Next, flows of processes performed by the image decoding device 300 as described above will be described.
First, an example of a flow of a decoding process will be described with reference to the flowchart of Fig. 32.
[0299] When the decoding process is started, the accumulation buffer 301 accumulates a transmitted code stream in
step S301. In step S302, the lossless decoder 302 decodes the bit stream (encoded difference image information)
supplied from the accumulation buffer 301. At this time, various pieces of information included in the bit stream, other
than the difference image information, such as the intra prediction information, the inter prediction information and the
like are also decoded.
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[0300] In step S303, the inverse quantizer 303 performs inverse quantization on the quantized orthogonal transform
coefficient obtained by the processing in step S302. In step S304, the inverse orthogonal transformer 304 performs
inverse orthogonal transform on the orthogonal transform coefficient obtained by the inverse quantization in step S303.
[0301] In step S305, the intra predictor 311 or the motion parallax compensator 312 performs a prediction process
using the supplied information. In step S306, the arithmetic operation unit 305 adds the predicted image selected in step
S305 to the difference image information obtained by the inverse orthogonal transform in step S304. A reconstructed
image is thereby generated.
[0302] In step S307, the loop filter 306 performs, as necessary, a loop filtering process including deblocking filtering,
adaptive loop filtering, and the like on the decoded image obtained in step S306.
[0303] In step S308, the frame reordering buffer 307 performs reordering on a decoded image generated by the filtering
process of step S307. Specifically, the frames reordered into the encoding order by the frame reordering buffer 102 of
the image encoding device 100 are reordered into the original display order.
[0304] In step S309, the D/A converter 308 D/A converts the decoded image whose frames have been reordered.
This decoded image is output to and displayed by a display not shown.
[0305] In step S310, the decoded picture buffer 309 stores the decoded image obtained by the filtering process of
step S307. This decoded image is used as a reference image in the inter prediction process.
[0306] The decoding process is terminated when the processing in step S310 is terminated.

[Flow of Prediction Process]

[0307] Next, an example of a flow of the prediction process performed in step S305 of Fig. 32 will be described with
reference to the flowchart of Fig. 33.
[0308] When a prediction process is started, the lossless decoder 302 determines in step S331 whether the intra
prediction was performed at the time of encoding of the focused region, which is a processing target. In the case it is
determined that the intra prediction was performed, the lossless decoder 302 proceeds to step S332.
[0309] In this case, the intra predictor 311 acquires the intra prediction mode information from the lossless decoder
302 in step S332, and generates a predicted image by the intra prediction in step S333. When the predicted image is
generated, the intra predictor 311 ends the prediction process, and returns the process to Fig. 32.
[0310] Also, in the case it is determined in step S331 that the focused region is a region where the inter prediction
was performed, the lossless decoder 302 proceeds to step S334. In step S334, the motion parallax compensator 312
performs a motion parallax compensation process. When the motion parallax compensation process is terminated, the
motion parallax compensator 312 ends the prediction process, and returns the process to Fig. 32.

[Flow of Motion Parallax Compensation Process]

[0311] Next, an example of a flow of the motion parallax compensation process performed in step S334 of Fig. 33 will
be described with reference to the flowchart of Fig. 34.
[0312] When the motion parallax compensation process is started, the encoding information accumulation buffer 331
stores, in step S351, the mode information, the motion parallax information, the prediction information and the like which
have been decoded, in step S351.
[0313] In step S352, the spatial correlation prediction vector generator 333, the temporal parallax correlation prediction
vector generator 334, the selector 335, and the arithmetic operation unit 336 perform the motion parallax vector generation
process, and reconstruct the motion parallax vector of the focused region.
[0314] When the motion parallax vector is reconstructed, the predicted image generator 337 generates, in step S353,
a predicted image by using the motion parallax vector.
[0315] When the predicted image is generated, the predicted image generator 337 ends the motion parallax compen-
sation process, and returns the process to Fig. 33.

[Flow of Motion Parallax Vector Generation Process]

[0316] Next, an example of a flow of the motion parallax vector generation process performed in step S352 of Fig. 34
will be described with reference to the flowchart of Fig. 35.
[0317] When the motion parallax vector generation process is started, the encoding information accumulation buffer
331 determines, in step S371, whether the mode is a skip mode, based on the prediction information. In the case the
mode is determined to be the skip mode, the encoding information accumulation buffer 331 proceeds to step S372. In
step S372, the spatial correlation prediction vector generator 333 to the arithmetic operation unit 336 perform a merge
mode process, and reconstruct the motion parallax vector in the merge mode. Additionally, in this merge mode process,
processing same as each processing described with reference to the flowchart of Fig. 22 is performed. When the merge
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mode process is terminated, the arithmetic operation unit 336 ends the motion parallax vector generation process, and
returns the process to Fig. 34.
[0318] Also, in the case the mode is determined in step S371 of Fig. 35 to be not the skip mode, the encoding information
accumulation buffer 331 proceeds to step S373. In step S373, the encoding information accumulation buffer 331 deter-
mines whether the mode is the merge mode, based on the prediction information. In the case the mode is determined
to be the merge mode, the encoding information accumulation buffer 331 returns the process to step S372, and performs
the merge mode process.
[0319] Furthermore, in the case the mode is determined in step S373 to be not the merge mode, the encoding infor-
mation accumulation buffer 331 proceeds to step S374.
[0320] In step S374, the encoding information accumulation buffer 331 acquires the index of the reference image. In
step S375, the encoding information accumulation buffer 331 acquires the difference motion parallax vector.
[0321] In step S376, the spatial correlation prediction vector generator 333 or the temporal parallax correlation pre-
diction vector generator 334 performs the motion parallax vector prediction process. This motion parallax vector prediction
process is performed in the same manner as in the case described with reference to the flowchart of Fig. 26. However,
in this case, since the prediction method is determined in advance, only one of the spatial correlation prediction process
and the temporal parallax correlation prediction process (one that is specified by the prediction information) is performed.
[0322] In step S377, the arithmetic operation unit 336 adds the prediction vector reconstructed in step S376 and the
difference motion parallax vector, and reconstructs the motion parallax vector.
[0323] When the processing in step S377 is terminated, the arithmetic operation unit 336 ends the motion parallax
vector generation process, and returns the process to Fig. 34.
[0324] By performing each processing described above, the temporal parallax correlation prediction vector generator
334 may generate not only the motion correlation prediction vector, but also the parallax correlation prediction vector.
Accordingly, even if the vector of a focused region is a parallax vector, the motion parallax compensator 312 may generate
a prediction vector with a high prediction accuracy. The image decoding device 300 may thus improve the encoding
efficiency.
[0325] Also, by controlling the use of a correlated region by using a correlated region use restriction flag generated
by the correlated region determiner 122, the spatial correlation prediction vector generator 333 and the temporal parallax
correlation prediction vector generator 334 are enabled to suppress occurrence of unnecessary load, such as recon-
struction of a prediction vector with a low prediction accuracy or interruption of the process, when reconstructing a
prediction vector, and the processing time and the amount of memory usage may be reduced. Also, because of this
restriction, the spatial correlation prediction vector generator 333 and the temporal parallax correlation prediction vector
generator 334 are enabled to appropriately generate a prediction vector with a high prediction accuracy, and the encoding
efficiency may be improved.
[0326] The present technique can be applied to image encoding devices and image decoding devices used for receiving
image information (bit stream) compressed using orthogonal transform such as discrete cosine transform and motion
compensation as in MPEG or H.26x, for example, via network media such as satellite broadcasting, cable television,
the Internet, or portable telephone devices. The present technique can also be applied to image encoding devices and
image decoding devices that are used when compressed image information is processed on a storage medium such
as an optical or magnetic disk or a flash memory. Furthermore, the present technique can also be applied to motion
estimator/compensator included in the image encoding devices, the image decoding devices, and the like.

<3. Third Embodiment>

[Computer]

[0327] The series of processes described above can be performed either by hardware or by software. When the series
of processes described above is performed by software, programs constituting the software are installed in a computer.
Note that examples of the computer include a computer embedded in dedicated hardware and a general-purpose
personal computer capable of executing various functions by installing various programs therein.
[0328] In Fig. 37, a CPU (central processing unit) 501 of a personal computer 500 performs various processes according
to programs stored in a ROM (read only memory) 502 or programs loaded onto a RAM (random access memory) 503
from a storage unit 513. The RAM 503 also stores data necessary for the CPU 501 to perform various processes and
the like as necessary.
[0329] The CPU 501, the ROM 502, and the RAM 503 are connected to one another via a bus 504. An input/output
interface 510 is also connected to the bus 504.
[0330] The input/output interface 510 has the following components connected thereto: an input unit 511 including a
keyboard, a mouse, or the like; an output unit 512 including a display such as a CRT (cathode ray tube) or a LCD (liquid
crystal display), and a speaker; the storage unit 513 including a hard disk or the like; and a communication unit 514
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including a modem orthelike. The communication unit 514 performs communications via networks including the Internet.
[0331] A drive 515 is also connected to the input/output interface 510 where necessary, a removable medium 521
such as a magnetic disk, an optical disk, a magneto optical disk, or a semiconductor memory is mounted on the drive
as appropriate, and a computer program read from such a removable disk is installed in the storage unit 513 where
necessary.
[0332] When the above described series of processes is performed by software, the programs constituting the software
are installed from a network or a recording medium.
[0333] As shown in Fig. 37, examples of the recording medium include the removable medium 521 that is distributed
for delivering programs to users separately from the device, such as a magnetic disk (including a flexible disk), an optical
disk (including a CD-ROM (compact disc - read only memory) or a DVD (digital versatile disc)), a magneto optical disk
(including an MD (mini disc)), and a semiconductor memory, which has programs recorded thereon, and alternatively,
the ROM 502 having programs recorded therein and a hard disk included in the storage unit 513, which are incorporated
beforehand into the device prior to delivery to users.
[0334] Programs to be executed by the computer may be programs for carrying out processes in chronological order
in accordance with the sequence described in this specification, or programs for carrying out processes in parallel or at
necessary timing such as in response to a call.
[0335] In this specification, steps describing programs to be recorded in a recording medium include processes to be
performed in parallel or independently of one another if not necessarily in chronological order, as well as processes to
be performed in chronological order in accordance with the sequence described herein.
[0336] In this specification, a system refers to the entirety of equipment including more than one device.
[0337] Furthermore, any structure described above as one device (or one processing unit) may be divided into two or
more devices (or processing units). Conversely, any structure described above as two or more devices (or processing
units) may be combined into one device (or processing unit). Furthermore, it is of course possible to add components
other than those described above to the structure of any of the devices (or processing units). Furthermore, some com-
ponents of a device (or processing unit) may be incorporated into the structure of another device (or processing unit)
as long as the structure and the function of the system as a whole are substantially the same. That is, the present
technique is not limited to the embodiments described above, but various modifications may be made thereto without
departing from the scope of the technique.
[0338] The image encoding devices and the image decoding devices according to the embodiments described above
can be applied to various electronic devices such as transmitters and receivers in satellite broadcasting, cable broad-
casting such as cable TV, distribution via the Internet, distribution to terminals via cellular communication, or the like,
recording devices configured to record images in media such as magnetic discs and flash memory, and reproduction
devices configured to reproduce images from the storage media. Four examples of applications will be described below.

<4. Fourth Embodiment>

[First Application: Television Receiver]

[0339] Fig. 38 shows an example of a schematic structure of a television apparatus to which the embodiments described
above are applied. The television apparatus 900 includes an antenna 901, a tuner 902, a demultiplexer 903, a decoder
904, a video signal processor 905, a display unit 906, an audio signal processor 907, a speaker 908, an external interface
909, a controller 910, a user interface 911, and a bus 912.
[0340] The tuner 902 extracts a signal of a desired channel from broadcast signals received via the antenna 901, and
demodulates the extracted signal. The tuner 902 then outputs an encoded bit stream obtained by the demodulation to
the demultiplexer 903. That is, the tuner 902 serves as transmitting means in the television apparatus 900 that receives
an encoded stream of encoded images.
[0341] The demultiplexer 903 separates a video stream and an audio stream of a program to be viewed from the
encoded bit stream, and outputs the separated streams to the decoder 904. The demultiplexer 903 also extracts auxiliary
data such as an EPG (electronic program guide) from the encoded bit stream, and supplies the extracted data to the
controller 910. If the encoded bit stream is scrambled, the demultiplexer 903 may descramble the encoded bit stream.
[0342] The decoder 904 decodes the video stream and the audio stream input from the demultiplexer 903. The decoder
904 then outputs video data generated by the decoding to the video signal processor 905. The decoder 904 also outputs
audio data generated by the decoding to the audio signal processor 907.
[0343] The video signal processor 905 reproduces video data input from the decoder 904, and displays the video data
on the display unit 906. The video signal processor 905 may also display an application screen supplied via the network
on the display unit 906. Furthermore, the video signal processor 905 may perform additional processing such as noise
removal on the video data depending on settings. The video signal processor 905 may further generate an image of a
GUI (graphical user interface) such as a menu, a button or a cursor and superimpose the generated image on the output
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images.
[0344] The display unit 906 is driven by a drive signal supplied from the video signal processor 905, and displays video
or images on a video screen of a display device(such as a liquid crystal display, a plasma display, or an OELD (organic
electroluminescence display).
[0345] The audio signal processor 907 performs reproduction processing such as D/A conversion and amplification
on the audio data input from the decoder 904, and outputs audio through the speaker 908. Furthermore, the audio signal
processor 907 may perform additional processing such as noise removal on the audio data.
[0346] The external interface 909 is an interface for connecting the television apparatus 900 with an external device
or a network. For example, a video stream or an audio stream received via the external interface 909 may be decoded
by the decoder 904. That is, the external interface 909 also serves as transmitting means in the television apparatus
900 that receives an encoded stream of encoded images.
[0347] The controller 910 includes a processor such as a CPU, and a memory such as a RAM and a ROM. The
memory stores programs to be executed by the CPU, program data, EPG data, data acquired via the network, and the
like. Programs stored in the memory are read and executed by the CPU when the television apparatus 900 is activated,
for example. The CPU controls the operation of the television apparatus 900 according to control signals input from the
user interface 911, for example, by executing the programs.
[0348] The user interface 911 is connected to the controller 910. The user interface 911 includes buttons and switches
for users to operate the television apparatus 900 and a receiving unit for receiving remote control signals, for example.
The user interface 911 detects operation by a user via these components, generates a control signal, and outputs the
generated control signal to the controller 910.
[0349] The bus 912 connects the tuner 902, the demultiplexer 903, the decoder 904, the video signal processor 905,
the audio signal processor 907, the external interface 909, and the controller 910 to one another.
[0350] In the television apparatus 900 having such a structure, the decoder 904 has the functions of the image decoding
devices according to the embodiments described above. Accordingly, reduction in the encoding efficiency may be
suppressed at the time of decoding of an image by the television apparatus 900.

<5. Fifth Embodiment>

[Second Application: Portable Telephone Device]

[0351] Fig. 39 shows an example of a schematic structure of a portable telephone device to which the embodiments
described above are applied. The portable telephone device 920 includes an antenna 921, a communication unit 922,
an audio codec 923, a speaker 924, a microphone 925, a camera unit 926, an image processor 927, a demultiplexer
928, a recording/reproducing unit 929, a display unit 930, a controller 931, an operation unit 932, and a bus 933.
[0352] The antenna 921 is connected to the communication unit 922. The speaker 924 and the microphone 925 are
connected to the audio codec 923. The operation unit 932 is connected to the controller 931. The bus 933 connects the
communication unit 922, the audio codec 923, the camera unit 926, the image processor 927, the demultiplexer 928,
the recording/reproducing unit 929, the display unit 930, and the controller 931 to one another.
[0353] The portable telephone device 920 performs operation such as transmission/reception of audio signals, trans-
mission/reception of electronic mails and image data, capturing of images, recording of data, and the like in various
operation modes including a voice call mode, a data communication mode, an imaging mode, and a video telephone mode.
[0354] In the voice call mode, an analog audio signal generated by the microphone 925 is supplied to the audio codec
923. The audio codec 923 converts the analog audio signal to audio data, performs A/D conversion on the converted
audio data, and compresses the audio data. The audio codec 923 then outputs the audio data resulting from the com-
pression to the communication unit 922. The communication unit 922 encodes and modulates the audio data to generate
a signal to be transmitted. The communication unit 922 then transmits the generated signal to be transmitted to a base
station (not shown) via the antenna 921. The communication unit 922 also amplifies and performs frequency conversion
on a radio signal received via the antenna 921 to obtain a received signal. The communication unit 922 then demodulates
and decodes the received signal to generate audio data, and outputs the generated audio data to the audio codec 923.
The audio codec 923 decompresses and performs D/A conversion on the audio data to generate an analog audio signal.
The audio codec 923 then supplies the generated audio signal to the speaker 924 to output audio therefrom.
[0355] In the data communication mode, the controller 931 generates text data to be included in an electronic mail
according to operation by a user via the operation unit 932, for example. The controller 931 also displays the text on the
display unit 930. The controller 931 also generates electronic mail data in response to an instruction for transmission
from a user via the operation unit 932, and outputs the generated electronic mail data to the communication unit 922.
The communication unit 922 encodes and modulates the electronic mail data to generate a signal to be transmitted.
The communication unit 922 then transmits the generated signal to be transmitted to a base station (not shown) via the
antenna 921. The communication unit 922 also amplifies and performs frequency conversion on a radio signal received



EP 2 760 204 A1

29

5

10

15

20

25

30

35

40

45

50

55

via the antenna 921 to obtain a received signal. The communication unit 922 then demodulates and decodes the received
signal to restore electronic mail data, and outputs the restored electronic mail data to the controller 931. The controller
931 displays the content of the electronic mail on the display unit 930 and stores the electronic mail data into a storage
medium of the recording/reproducing unit 929.
[0356] The recording/reproducing unit 929 includes a readable/writable storage medium. For example, the storage
medium may be an internal storage medium such as a RAM or flash memory, or may be an externally mounted storage
medium such as a hard disk, a magnetic disk, a magneto optical disk, a USB (unallocated space bitmap) memory, or a
memory card.
[0357] In the imaging mode, the camera unit 926 images a subject to generate image data, and outputs the generated
image data to the image processor 927, for example. The image processor 927 encodes the image data input from the
camera unit 926, and stores an encoded stream in the storage medium of the recording/reproducing unit 929.
[0358] In the video telephone mode, the demultiplexer 928 multiplexes a video stream encoded by the image processor
927 and an audio stream input from the audio codec 923, and outputs the multiplexed stream to the communication unit
922, for example. The communication unit 922 encodes and modulates the stream to generate a signal to be transmitted.
The communication unit 922 then transmits the generated signal to be transmitted to a base station (not shown) via the
antenna 921. The communication unit 922 also amplifies and performs frequency conversion on a radio signal received
via the antenna 921 to obtain a received signal. The signal to be transmitted and the received signal may include encoded
bit streams. The communication unit 922 then demodulates and decodes the received signal to restore the stream and
outputs the restored stream to the demultiplexer 928. The demultiplexer 928 separates a video stream and an audio
stream from the input stream, and outputs the video stream to the image processor 927 and the audio stream to the
audio codec 923. The image processor 927 decodes the video stream to generate video data. The video data is supplied
to the display unit 930, and a series of images is displayed by the display unit 930. The audio codec 923 decompresses
and performs D/A conversion on the audio stream to generate an analog audio signal. The audio codec 923 then supplies
the generated audio signal to the speaker 924 to output audio therefrom.
[0359] In the portable telephone device 920 having such a structure, the image processor 927 has the functions of
the image encoding devices and the image decoding devices according to the embodiments described above. Accord-
ingly, reduction in the encoding efficiency may be suppressed at the time of encoding and decoding of an image by the
portable telephone device 920.

<6. Sixth Embodiment>

[Third Application: Recording/Reproducing Device]

[0360] Fig. 40 shows an example of a schematic structure of a recording/reproducing device to which the embodiments
described above are applied. The recording/reproducing device 940 encodes audio data and video data of a received
broadcast program and records the encoded data into a recording medium, for example. The recording/reproducing
device 940 may also encode audio data and video data acquired from another device and record the encoded data into
a recording medium, for example. The recording/reproducing device 940 also reproduces data recorded in the recording
medium on a monitor and through a speaker in response to an instruction from a user, for example. In this case, the
recording/reproducing device 940 decodes audio data and video data.
[0361] The recording/reproducing device 940 includes a tuner 941, an external interface 942, an encoder 943, an
HDD (hard disk drive) 944, a disk drive 945, a selector 946, adecoder 947, anOSD (on-screen display) 948, a controller
949, and a user interface 950.
[0362] The tuner 941 extracts a signal of a desired channel from broadcast signals received via an antenna (not
shown), and demodulates the extracted signal. The tuner 941 then outputs an encoded bit stream obtained by the
demodulation to the selector 946. That is, the tuner 941 has a role as transmission means in the recording/reproducing
device 940.
[0363] The external interface 942 is an interface for connecting the recording/reproducing device 940 with an external
device or a network. The external interface 942 may be an IEEE 1394 interface, a network interface, a USB interface,
or a flash memory interface, for example. For example, video data and audio data received via the external interface
942 are input to the encoder 943. That is, the external interface 942 has a role as transmission means in the record-
ing/reproducing device 940.
[0364] The encoder 943 encodes the video data and the audio data if the video data and the audio data input from
the external interface 942 are not encoded. The encoder 943 then outputs the encoded bit stream to the selector 946.
[0365] The HDD 944 records an encoded bit stream of compressed content data such as video and audio, various
programs and other data in an internal hard disk. The HDD 944 also reads out the data from the hard disk for reproduction
of video and audio.
[0366] The disk drive 945 records and reads out data into/from a recording medium mounted thereon. The recording
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medium mounted on the disk drive 945 may be a DVD disk (such as a DVD-Video, a DVD-RAM, a DVD-R, a DVD-RW,
a DVD+R, or a DVD+RW) or a Blu-ray (registered trademark) disc, for example.
[0367] For recording video and audio, the selector 946 selects an encoded bit stream input from the tuner 941 or the
encoder 943 and outputs the selected encoded bit stream to the HDD 944 or the disk drive 945. For reproducing video
and audio, the selector 946 selects an encoded bit stream input from the HDD 944 or the disk drive 945 to the decoder 947.
[0368] The decoder 947 decodes the encoded bit stream to generate video data and audio data. The decoder 947
then outputs the generated video data to the OSD 948. The decoder 904 also outputs the generated audio data to an
external speaker.
[0369] The OSD 948 reproduces the video data input from the decoder 947 and displays the video. The OSD 948
may also superimpose a GUI image such as a menu, a button or a cursor on the video to be displayed.
[0370] The controller 949 includes a processor such as a CPU, and a memory such as a RAM and a ROM. The
memory stores programs to be executed by the CPU, program data, and the like. Programs stored in the memory are
read and executed by the CPU when the recording/reproducing device 940 is activated, for example. The CPU controls
the operation of the recording/reproducing device 940 according to control signals input from the user interface 950, for
example, by executing the programs.
[0371] The user interface 950 is connected to the controller 949. The user interface 950 includes buttons and switches
for users to operate the recording/reproducing device 940 and a receiving unit for receiving remote control signals, for
example. The user interface 950 detects operation by a user via these components, generates a control signal, and
outputs the generated control signal to the controller 949.
[0372] In the recording/reproducing device 940 having such a structure, the encoder 943 has the functions of the
image encoding devices according to the embodiments described above. Furthermore, the decoder 947 has the functions
of the image decoding devices according to the embodiments described above. Accordingly, reduction in the encoding
efficiency may be suppressed at the time of encoding and decoding of an image by the recording/reproducing device 940.

<7. Seventh Embodiment>

[Fourth Application: Imaging Device]

[0373] Fig. 41 shows one example of a schematic structure of an imaging device to which the embodiments described
above are applied. The imaging device 960 images a subject to generate an image, encodes the image data, and records
the encoded image data in a recording medium.
[0374] The imaging device 960 includes an optical block 961, an imaging unit 962, a signal processor 963, an image
processor 964, a display unit 965, an external interface 966, a memory 967, a media drive 968, an OSD 969, a controller
970, a user interface 971, and a bus 972.
[0375] The optical block 961 is connected to the imaging unit 962. The imaging unit 962 is connected to the signal
processor 963. The display unit 965 is connected to the image processor 964. The user interface 971 is connected to
the controller 970. The bus 972 connects the image processor 964, the external interface 966, the memory 967, the
media drive 968, the OSD 969, and the controller 970 to one another.
[0376] The optical block 961 includes a focus lens, a diaphragm, and the like. The optical block 961 forms an optical
image of a subject on the imaging surface of the imaging unit 962. The imaging unit 962 includes an image sensor such
as a CCD (charge coupled device) or a CMOS (complementary metal oxide semiconductor), and converts the optical
image formed on the imaging surface into an image signal that is an electric signal through photoelectric conversion.
The imaging unit 962 then outputs the image signal to the signal processor 963.
[0377] The signal processor 963 performs various kinds of camera signal processing such as knee correction, gamma
correction, and color correction on the image signal input from the imaging unit 962. The signal processor 963 outputs
image data subjected to the camera signal processing to the image processor 964.
[0378] The image processor 964 encodes the image data input from the signal processor 963 to generate encoded
data. The image processor 964 then outputs the generated encoded data to the external interface 966 or the media
drive 968. The image processor 964 also decodes encoded data input from the external interface 966 or the media drive
968 to generate image data. The image processor 964 then outputs the generated image data to the display unit 965.
The image processor 964 may output image data input from the signal processor 963 to the display unit 965 to display
images. The image processor 964 may also superimpose data for display acquired from the OSD 969 on the images to
be output to the display unit 965.
[0379] The OSD 969 may generate a GUI image such as a menu, a button or a cursor and output the generated image
to the image processor 964, for example.
[0380] The external interface 966 is a USB input/output terminal, for example. The external interface 966 connects
the imaging device 960 and a printer for printing of an image, for example. In addition, a drive is connected to the external
interface 966 as necessary. A removable medium such as a magnetic disk or an optical disk is mounted to the drive,
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for example, and a program read out from the removable medium can be installed in the imaging device 960. Furthermore,
the external interface 966 may be a network interface connected to a network such as a LAN or the Internet. That is,
the external interface 966 has a role as transmission means in the imaging device 960.
[0381] The recording medium to be mounted on the media drive 968 may be a readable/writable removable medium
such as a magnetic disk, a magneto optical disk, an optical disk or a semiconductor memory. Alternatively, a recording
medium may be mounted on the media drive 968 in a fixed manner to form an immobile storage unit such as an internal
hard disk drive or an SSD (solid state drive), for example.
[0382] The controller 970 includes a processor such as a CPU, and a memory such as a RAM and a ROM. The
memory stores programs to be executed by the CPU, program data, and the like. Programs stored in the memory are
read and executed by the CPU when the imaging device 960 is activated, for example. The CPU controls the operation
of the imaging device 960 according to control signals input from the user interface 971, for example, by executing the
programs.
[0383] The user interface 971 is connected with the controller 970. The user interface 971 includes buttons and switches
for users to operate the imaging device 960, for example. The user interface 971 detects operation by a user via these
components, generates a control signal, and outputs the generated control signal to the controller 970.
[0384] In the imaging device 960 having such a structure, the image processor 964 has the functions of the image
encoding devices and the image decoding devices according to the embodiments described above. Accordingly, reduc-
tion in the encoding efficiency may be suppressed at the time of encoding and decoding of an image by the imaging
device 960.
[0385] Additionally, in the present specification, a case where various types of information, such as a threshold, are
multiplexed into the header of an encoded stream and transmitted from the encoding side to the decoding side has been
described. The method in which the information pieces are transmitted, however, is not limited to these examples. For
example, the information pieces may be transmitted or recorded as separate data associated with the encoded bit stream
without being multiplexed with the encoded bit stream. Note that the term "associate" means to allow images (which
may be part of images such as slices or blocks) contained in a bit stream to be linkedwith information on the images in
decoding. That is, the information may be transmitted via a transmission path different from that for the images (or bit
stream). Alternatively, the information may be recorded in a recording medium other than that for the images (or bit
stream) (or on a different area of the same recording medium). Furthermore, the information and the images (or bit
stream) may be associated with each other in any units such as in units of some frames, one frame or part of a frame.
[0386] While preferred embodiments of the present disclosure have been described above with reference to the
accompanying drawings, the present disclosure is not limited to these examples. It is apparent that a person ordinary
skilled in the art to which the present disclosure belongs can conceive various variations and modifications within the
technical idea described in the claims, and it is naturally appreciated that these variations and modification belongs
within the technical scope of the present disclosure.
[0387] The present technique can also have the following structures.

(1) An image processing device including:

a restrictor for restricting, according to a prediction direction of a focused region of a multi-viewpoint image, use
of a correlated region where a candidate for a prediction vector which is a prediction value of a vector of the
focused region is to be obtained; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not restricted by the restrictor.

(2) The image processing device according to (1), wherein the restrictor prohibits use of a correlated region of a
same view as and a different time from the focused region, for performing prediction in a parallax direction.
(3) The image processing device according to(1) or (2), wherein the restrictor prohibits use of a correlated region
of a focused region where prediction is to be performed only in a parallax direction, the correlated region being of
a same view as and a different time from the focused region and being for performing prediction in a temporal direction.
(4) The image processing device according to any of (1) to (3), wherein the restrictor prohibits use of a correlated
region of a different view from and a same time as the focused region, for performing prediction in a parallax direction.
(5) The image processing device according to any of (1) to (4), wherein the restrictor generates restriction information
indicating restriction of the correlated region.
(6) The image processing device according to (5), further including:

a transmitter for transmitting the restriction information generated by the restrictor.

(7) An image processing method of an image processing device, the method including:
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restricting, by a restrictor, according to a prediction direction of a focused region of a multi-viewpoint image,
use of a correlated region where a candidate for a prediction vector which is a prediction value of a vector of
the focused region is to be obtained; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not restricted.

(8) An image processing device including:

a receiver for receiving restriction information restricting a correlated region where a candidate for a prediction
vector which is a prediction value of a vector of a focused region of a multi-viewpoint image is to be obtained; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not prohibited by the restriction information received by the receiver.

(9) An image processing method of an image processing device, the method including:

receiving, by a receiver, restriction information restricting a correlated region where a candidate for a prediction
vector which is a prediction value of a vector of a focused region of a multi-viewpoint image is to be obtained; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not prohibited by the restriction information received.

REFERENCE SIGNS LIST

[0388]

100 Image encoding device
115 Motion parallax predictor/compensator
121 Decoded multi-viewpoint picture buffer
122 Correlated region determiner
131 Motion parallax vector searcher
132 Predicted image generator
133 Encoding information accumulation buffer
134 Selector
135 Spatial correlation prediction vector generator
136 Temporal parallax correlation prediction vector generator
137 Selector
138 Encoding cost calculator
139 Mode determiner
300 Image decoding device
312 Motion parallax compensator
321 Decoded multi-viewpoint picture buffer
331 Encoding information accumulation buffer
332 Selector
333 Spatial correlation prediction vector generator
334 Temporal parallax correlation prediction vector generator
335 Selector
336 Arithmetic operation unit
337 Predicted image generator

Claims

1. An image processing device comprising:

a restrictor for restricting, according to a prediction direction of a focused region of a multi-viewpoint image, use
of a correlated region where a candidate for a prediction vector which is a prediction value of a vector of the
focused region is to be obtained; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not restricted by the restrictor.
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2. The image processing device according to claim 1, wherein the restrictor prohibits use of a correlated region of a
same view as and a different time from the focused region, for performing prediction in a parallax direction.

3. The image processing device according to claim 1, wherein the restrictor prohibits use of a correlated region of a
focused region where prediction is to be performed only in a parallax direction, the correlated region being of a same
view as and a different time from the focused region and being for performing prediction in a temporal direction.

4. The image processing device according to claim 1, wherein the restrictor prohibits use of a correlated region of a
different view from and a same time as the focused region, for performing prediction in a parallax direction.

5. The image processing device according to claim 1, wherein the restrictor generates restriction information indicating
restriction of the correlated region.

6. The image processing device according to claim 5, further comprising:

a transmitter for transmitting the restriction information generated by the restrictor.

7. An image processing method of an image processing device, the method comprising:

restricting, by a restrictor, according to a prediction direction of a focused region of a multi-viewpoint image,
use of a correlated region where a candidate for a prediction vector which is a prediction value of a vector of
the focused region is to be obtained; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not restricted.

8. An image processing device comprising:

a receiver for receiving restriction information restricting a correlated region where a candidate for a prediction
vector which is a prediction value of a vector of a focused region of a multi-viewpoint image is to be obtained; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not prohibited by the restriction information received by the receiver.

9. An image processing method of an image processing device, the method comprising:

receiving, by a receiver, restriction information restricting a correlated region where a candidate for a prediction
vector which is a prediction value of a vector of a focused region of a multi-viewpoint image is to be obtained; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not prohibited by the restriction information received.

Amended claims under Art. 19.1 PCT

1. An image processing device comprising:

a restrictor for restricting use of a correlated region where a candidate for a prediction vector which is a prediction
value of a vector of a focused region is to be obtained, the correlated region being of a same view as and a
different time from the focused region; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not restricted by the restrictor.

2. The image processing device according to claim 1, wherein the restrictor prohibits use of the correlated region
according to a prediction direction of a focused region of a multi-viewpoint image.

3. The image processing device according to claim 2, wherein the restrictor prohibits use of a correlated region
which is of a same view as and a different time from a focused region and which is for performing prediction in a
temporal direction, the correlated region being a correlated region of the focused region where prediction is to be
performed only in a parallax direction.
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4. The image processing device according to claim 1, wherein the restrictor prohibits use of a correlated region of
a different view from and a same time as the focused region, for performing prediction in a parallax direction.

5.
The image processing device according to claim 2, wherein the restrictor generates restriction information indicating
restriction of the correlated region.

6. The image processing device according to claim 5, further comprising:

a transmitter for transmitting the restriction information generated by the restrictor.

7. The image processing device according to claim 1, wherein the restrictor restricts use of the correlated region
based on flag data.

8. The image processing device according to claim 7, wherein the flag data is transmitted as a sequence parameter
set of encoded data including the focused region.

9. An image processing method of an image processing device, the method comprising:

restricting, by a restrictor, use of a correlated region where a candidate for a prediction vector which is a prediction
value of a vector of a focused region is to be obtained, the correlated region being of a same view as and a
different time from the focused region; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not restricted.

10. An image processing device comprising:

a receiver for receiving restriction information restricting use of a correlated region where a candidate for a
prediction vector which is a prediction value of a vector of a focused region is to be obtained, the correlated
region being of a same view as and a different time from the focused region; and
a prediction vector generator for generating the prediction vector by using a vector of a correlated region whose
use is not restricted by the restriction information received by the receiver.

11. An image processing method of an image processing device, the method comprising:

receiving, by a receiver, restriction information restricting use of a correlated region where a candidate for a
prediction vector which is a prediction value of a vector of a focused region is to be obtained, the correlated
region being of a same view as and a different time from the focused region; and
generating, by a prediction vector generator, the prediction vector by using a vector of a correlated region whose
use is not restricted by the restriction information received.
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