DESCRIPTION

Title of Invention: IMAGE PROCESSING APPARATUS AND METHOD

Technical Field
[0001}

The present disclosure relates to an image processing
apparatus and method, and particularly relates to an image
precessing apparvatus and method that enable enhancement of
encoding efficiency while suppressing a decrease in the
efficiency of encoding processing.

Background Art
[0002]

In recent years, apparatuses compliant with a
compression format such as MPEG (Moving Pilcturs Euxperts
Group), in which image information is digitally handled and
is compressed using an orthogonal transform such as the
discrete cosine transform and by motion compensation by
utilizing a redundancy particular to image information for
the purpcse of achleving highly efficient transmission and
accumulation of information, have been becoming prevalent
for use in both distribution of information from broadcast
stations and reception of information in general households.
[C003]

In particular, MPEG-2 (IS0 (Internatiocnal Organization



for Standardization)/TEC (International Electrotechnical
Commission) 1381l8-2) is defined as a general-purpose image
coding format, is a standard that covers both interlaced
scanned images and progressive scanned images as well as
standard~definition images and high~definition images, and
is currenily widely used in a broad range of applications
for professional use and consumer use. With the MPEG-2
compression format, a high compression rate and a favorable
image guality can be realirzed by, for example, allocating an
amount of code (bit rate) of 4 to 8 Mbps toc a standard-
definition interlaced scanned image having 720 x 480 pixels
or an amount of code (bit rate) of 18 to 22 Mbps to a high-
definiticn interlaced scanned image having 1220 x 1088
pixels.
(00047

MPEG-Z is mainly used for hich image quality encoding
suitable for broadcasting, but is not compatible with coding
formats of an amcunt of code (bit rate) lower than that of
MPEG~1, that ls, a higher compression rate. With the
widespread use of mebillie terminals, the need for such coding
formats will increase in the future, and in response the
MPEG~4 coding format has been standardized. Regarding an
image coding format, MPEG~4 was designated an international
standard as ISO/IEC 14496-2 in Deceamber 1928,

[0005]



Furthermore, standardization of the format H.268L (ITU-T
(International Telecommunication Union Telecommunication
Standardization Sector) Q6/16 VCEG (Video Coding Expert
Group)}, which was initially for the purposs of image coding
for video conferences, has been progressing in recent years.
It is known that H.Z26L realizes higher encoding efficiency
than previous coding formats, such as MPEG-2 and MPEG-4,
though encoding and decoding accerding to H.26L involve a
larger amount of computation. Also, as part of MPEG-4
activities, standardization for realizing higher encoding
efficiency by introducing functions which are not supported
by H.26L on the basis of H.26L is currently progressing as
Joint Model of Enhanced-Compression Video Coding.

[00C6]

As the standardirzation schedule, a standard called
H.264 and MPEG-4 Part 10 {(Advanced Video Coding, hereinafter
referred to as AVC) was designated an international standard
in March 2003.

[00G7]

Furthermore, as an extension of the above,
gstandardization of FRExt (Fidelity Range Extension),
including encoding tools necessary for business use, such &5
RGB, 4:2:2, and 4:4:4, as well as B x 8 DCT {(Discrete Cosine
Transform) and guantization matrices defined in MPEG~2, was

completed in February 2005. Accordingly, a coding format



capable of favorably expressing even film noise included in
movies by using AVC has been established, which is used for
a wide range of applications such as Blu-Ray Discs.

{0008]

HEowever, there has recently been a growing need for
encoding at a higher compressicon rate, for example,
compressicn of an image having about 4000 x 2000 pixels,
which 1s four times the number of pixels included in a high-
definition image, or distributicn of high~definition images
in an environment with a limited transmission capacity, such
as the Internet. Thersefore, in VCEG (Video Coding Expert
Group) under ITU-T, congoing studies for enhancing encoding
efficliency have been performed.

[0G0%]

Meanwhile, for the purpose of realizing hicher encoding
efficiency than that of AV(C, standardization of a coding
format called HEVC (High Efficiency Video Coding! is
currently being conducted by JCTVC {(Joint Collaboration Team
~ Video Coding}, which is a standards group of ITU~T and
ISO/IEC (see, for example, WPL 1).

{60103

In the HEVC coding format, coding units (CUs) are
defined as units of processing which are similar to
macroblocks used in AVC., Unlike a macroblock used in AVC,

the size of a CU is not fixed to 16 x 16 pixels, and is



specifiasd in image compression information in each seguence.
t0011]

ClUs are hierarchically configured from a largest coding
unit (LCUY to a smallest coding unit (8CUY. That is, it may
be generally considered that an LCU corresgonds to a
macroblock used In AVC, and a CU in a layer lower than the
LCU corresponds to a sub-macroblock used in AVC.
rogizl

Meanwhile, there is a coding format in which an
encoding mode for encoding and outputting image data and a
non-encoeding mode for outputting image data without encoding
the image data are provided, whethesr the encoeding mode or
the non-encoding mode is to be used is selected in units of
macroblocks, and the encoding mode and the non-enceoeding mode
can be used in combination within a single picture (see, for
example, PTL 1). Alsc in the AVC coeding format, an I PCM
mode for cutputting image data without encoding the image
data is supported as mb type (see, for example, PTL 2).

This is used for ensuring real-time operation of arithmetic
coding processing in a case where a guantization parameter
is get to be a small value, such as QF = 0, and in a case
where the Iinformation amount of enceded data is larger than
that of an input image. Also, it is possible to realize
lessless coding by using I-FPCOM,

[0613]



Alse, a method for increasing internal arithmetic has
been suggested (see, for example, NPL 2}. Accordingly, an
internal arithmetic errcor caused in processing such as an
orthogeonal transform and motion compensation can bes reduced,
and encoding efficiency can be enhancead.

100141

Furthermore, a technigue in which an FIR filter is
provided in a motion compensation loop has been suggested
{zes, for example, NPL 3). In an encoding apparatus, by
obtaining an FIR filter coefficient using a Wiener filter so
as to minimize an error with respect to an input image,
degradation in a reference Iimage can be minimized, and
encoding efficiency of image compression information to ke
cutput can be enhanced.
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[0017]

However, in the case of a coding format in which CUs
are definad as in HEVC and wvarious processing coperations are
performad in units of CUs, it is considered that a
macreblock used in AVC corressponds Lo an iCU, but 1f I PCM
can be set only in units of LCUs, unnecessary encoding
processing increases because the unit of processing is 128 x
128 pixels at maximum, and the efficiency of encoding
processing may decrsase. For example, it may bsgome
difficult to ensure real—-time operation of CABAC.

[ooleg]
Also, the coding formats suggested in NPL 2 and NPL 3

are not included in the AVC coding format, and compatibility



with the I PCM mode is not disclosed therein.
[0019]

Embodiments of the present invention are directed to
enhancing encoding efficiency while suppressing a decrease
in the efficiency of encoding processing.

Sclution to Problem
[0020]

According to an aspect of the present disclosure, there
is provided an image processing apparatus. The image
processing apparatus includes an enceding mede setter that
gets, in units of coding units having a hierarchical
structure, whether a non-compression mode is fto be selected
as an encoding mode for encoding image data, the non-
compression mode being an encoding mode in which the image
data is output as encoded data; and an encoder that encodes
the image data in units of the coding units in accordance
with a mode set by the encoding mode setter.

[0021]

The image processing apparatus may further include a
shift processing controller that performs contrel, on a
coding unit for which the non-compression mode has been set
by the enceoding mode setter, to skip shift processing in
which a bit precision for encoding or decoding is increased;

and a shift processor that performs the shift processing on



a coding unit of the image data, the coding unit being
controlled by the shift preocessing controller so as to
undérgo the shift processing.

[0022]

The image processing apparatus may further include a
filter processing controller that performs control, on a
coding unit for which the non-compression mode has been set
by the encoding mede setter, to skip filter processing in
which filtering is performed on a locally decoded image; =a
filter cecefficient calculator that calculates a filterx
coefficient for the filter processing by using image data
corresponding to a coding unit which is controlled by the
filter processing contreller so as to underge the filter
processing; and a filter processor that performs the filter
processing in units ¢of blocks, which are units of the filrer
processing, by using the filter ceoefficient calculated hy
the filter coefficient calculator.

[0023]

The filter processor may perform the filter processing
on only pixels which are controlled by the filter processing
controller so as to undergo the filter processing, the
pixels being included in a current block which is a target
o be processed.

[0024)

The image processing apparatus may further include a



filter identification information generator that generates
filter identification information in units of the bhlocks,
the filter identification information being identification
information indicating whether the filter processing is to
be performed.

[0025]

The filter processor may perform adaptive loop
filtering on the locally decodsd image, the adaptive loop
filtering being adaptive filter processing using
classification processing.

[0028)]

In a case where an amount of code of encoded data,
which is obtained by encoding the image data corresponding
te a current coding unit as a target of encoding processing,
is smaller than or egqual to an amount of input data, which
is a dabta amount of the image data corresponding to the
current coding unit, the encoding mode setter may set an
encoding mode of the current coding unit to be the non-
compression mods.

[0027]

The image processing apparatus may further include an
input data amount calculator that calculates the amount of
input data. The encoding mode setter may compare, regarding
the current coding unit, the amount of input data calculated

by the input data amount calculator with the amount of code,



[coz28]

The image processing apparatus may further include an
identification information generator that generates
identification information in units of the coding units, the
identification information indicating whether the non-
compression mode has been set by the encoding mode setter.
[0029]

Disclosed herein is an image processing method for an
image processing apparatus. The image processing method
includes setting, with an encoding mode setter, in units of
coding units having a hierarchical structure, whether a non-
compresgion mode 1s to be selected as an encoding mode for
encoding image data, the non-compression mode being an encoding
mode in which the image data 1s cutput as encoded data; and
encoding, with an enccder, the image data in units of the
coding units in accordance with a set mode.

[0030]

Disclogsed herein is an image processing apparatus. The
image procesgging apparatus includes an encoding mode determiner
that determines, in units of coding units having a hierarchical
structure, whether a non-compression mode has been gselected as
an encoding mode for encoding image data, the non-compression

mode being an encoding mode in which the



imagse data 1s output as encoded data; and a decoder that
decodes the encoding result in units of the coding units in
accordance with a mode determined by the encoding mede
determiner.
(00313

The image processing apparatus may further inciude a
shift processing controller that performs contrcol, on a
coding unit for which the encoding mode determiner has
determined that the non-compression mode has been selected,
to skip shift processing in which a bit precision for
encoding or decoding is increased; and a shift processor
that performs the shift precessing on & coding unit of the
image data, the coding unit being controlled by the shift
processing contreller so as to undergoe the shift processing.
(100321

The image processing apparatus may further include a
filter processing controller that performs control, on a
coding unit for which the encoding mode determiner has
determined that the non-compression mode has been selected,
to skip filter procegsing in which filtering is performed on
a leocally decoded image:; and a filter processor that
performs the filter processing on the image data in units of
Iblocks, which are units of the filter processing. The
filter processor may perform the filter processing on only

pixels which have been controlled by the filter processing



controller =20 ag to undergo the filter processing, the pixels
being included in a current block which is a target to be
processed.

[0033]

The filter processor may perform adaptive loop filtering
on the locally decoded image, the adaptive loop filtering being
adaptive filter processing using classification processing.
10034]

The filter processor may perform the filter processing, in
a case where filter identification information indicating
whether the filter processing has been performed indicates that
the filter processing has been performed on image data
corresponding to the current block which is a target to be
processed, only when control is performed by the filter
processing controller so as to perform the filter processing on
all pixels included in the current block.

[0035]

The enceding mode determiner may determine whether the
non-compression mode has been selected, on the basis of
identification information indicating whether the non-
compression mode has been gelected in units of the coding units.
[0036]

Disclosed herein is



an imége processing method for an image processing apparatus.
The image processing method includes determining, with an
encoding mode determiner, in units of coding units having a
hierarchical structure, whether a non-compression mode has been
selected as an encoding mode for encoding image data, the non-
compression mode being an encoding mode in which the image data
is output as encoded data; and decoding, with a decoder, the
encoded data in units of the coding units in accordance with a
determined mode.

[0037]

According to an embodiment of the present disclosure,
whether a non-compression mode 1s to he selected ag an encoding
mode for encoding image data 1s set in units of coding units
having a hierarchical structure, the non-compression mode being
an encoding mode in which the image data is output as encoded
data, and the image data is encoded in units of the coding
units in accordance with a set mode.

[c038]

According to ancther embodiment <f the present disclosure,
whether a non-compression mode has been selected ag an encoding
mode for encoding image data is determined in units of coding
units having a hierarchical structure, the non-compression mode

being an encoding mede in which the image



data is output as encoded data, and the encoded data is decoded
in units of the coding units in accordance with a determined
mode .

Advantagecus Effects of Invention

i00392]

According to embodiments of the present invention, an
image can be processed. In particular, encoding efficiency can
be enhanced while suppressing a decrease in the efficiency of
encoding procesgsing.

Brief Description of Drawings
100401

[Fig. 1] Fig. 1 1s a block diagram illustrating an image
encoding apparatus that outputs image compression information
based on an AVC coding format.

[Fig. 2} Fig. 2 1g a block diagram illustrating an image
decoding apparatus that receives image compression information
baged on the AVC coding format.

[Fig. 3] Fig. 3 is a diagram illustrating an example of
the type of macrcblock.

[Fig. 4] Fig. 4 1s a diagram describing an example
configuration of coding units.

[Fig. 5] Fig. 5 ig a diagram describing a method for
increasing an amcunt of bits in internal arithmetic.

[Fig. 6] Fig. 6 is a diagram describing an adaptive loop

filter.
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71 Fig. 7 is a block diagraem illustrating a main

exanple configuraticon of an image encoding apparatus.

gxample configuration of the lossless encoder,

[Fig. 8]

Fig.

8 is & block diagram illustrating a main

loop filter,

and PCM encoder in Fig. 7.

[Fig. 9]

Fig.

9 is a block diagram illustrating a main

axample configuration of the PCM deciding unit in Fig. 8.
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[Fig. 1G]
the flow of
tRig. 113

the fiow of

[Fig. 121
the Fflow of
[Fig. 13]

the flow of
[Fig. 147
the flow of

[Fig. 15]

Fig. 10 is a flowchart describing an example
enceding processing.

Fig. 11 is a fleowchart describing an example
PCM encoding contrel processing.

Fig. 12 is a flcocwchart describing an example
PCM encoding processing.

Fig. 12 is a flowchart describing an example

reference image generation procassing.
Fig. 14 is a flowchart describing an example
loop filter processing.

Fig. 15 is a block diagram illustrating a

main example configuration of an image decoding apparatus.

main example configuration of the lossless decoder,

filter,

IFig. 16]

[Fig. 17]

and PCM decoder in Fig.

Fig. 16 is a block diagram illustrating a
loop
15,

Fig. 17 is a flowchart describing an example

of the fliow of decoding processing.

[FPig.

18] Fig.

18 is a flowchart continued from Fig.

17,



describing the example of the flow of decoding processing.
[Fig. 18] Fig. 19 is a flowchart describing an example
of the flow of loop filter processing.
[Fig. 201 Fig. 20 is a diagram describing an example of
I_PCM information.

[Fig. 2

|t

1 Fig. 21 is =z bleck diagram illustrating

@

main exanple conflguraticn of a perscnal computer.
[Fig. 22] Fig. 22 ig a block diagram illustrating a
main example configuration of a television receiver,

[Fig. 23] Fig. 23 is a block diagram illustrating

o]

main example configuration of a mobile phone.

{Fig. 24} Fig. 24 is a block diagram illustrating a
main example configuration of a hard disk recorder.

[Fig. 25] Fig. 25 is a block diagram illustrating a
main example configuration of a camera,

Description of Embodiments
[oo4i]

Hereinafter, embodiments for carrying cut the present
technology ({(hereinafter referred to as embodiments) will bke
described. Note that the descripticon will be given in the
following order.

1. First embodiment (image encoding apparatus)

2. Second embodiment (image decoding apparatus)

3. Third embodiment (perscnal computer)

4, Fourth embodiment (television reaceiver)



5. Fifth embodiment (mobile phone)

6. Sixth embodiment (hard disk recorder)

7. Seventh embodiment {(camera)
[0042]
<1, First embodiment>
[Image encoding apparatus compatible with AVC coding format]

Fig. 1 illustrates the configuration of an image
encoding apparatus according to an embodiment, which encodes
an image using an H.264 and MPEG (Moving Picture Experts
Group) 4 Part 10 (AVC (Advanced Video Coding)) coding format.
[0043]

An image encoding apparatus 100 illustrated in Fig. 1
+ is an apparatus that encodes an image using a coding format
based on the AVC standard and cutputs the encoded image. As
illustrated in Fig. 1, the image encoding apparatus 100
includes an A/D converter 101, a screen rearrangement buffer
102, a computing unit 103, an orthogonal transform unit 104,
a quantizer 105, a lossless encoder 106, and an accumuliation
buffer 107. Also, the image encoding apparatus 100 includes
a deguantizer 108, an inverse orthogonal transform unit 109,
a computing unit 110, a deblocking filter 111, a frame
memcry 112, a selector 113, an intra prediction unit 114, a
motion prediction/compensation unit 115, s selector 116, and
a rate controeller 117,

[C044]



The A/D converter 101 A/D-converts image data input
thereto, and ocutputs the image data o the screen
rearrangement buffer 102 to store the image data thasrein.
The screen rearrangement buffer 102 rearranges, in
accordance with a GOP (Group of Pilcture) structure, frame
images stored therein which are arranged in a display order
sc that the frame images are rearranged in an encoding order.
The screen rearrangement buffer 102 supplies the rearranged
frame images to the computing unit 103. Also, the screen
rearrangement buffer 102 supplies the rearranged frame
images to the intra prediction unit 114 and the motion
prediction/compensation unit 115.

(00457

The computing unit 103 subtracts, from an image read
out from the screen rearrangement buffer 102, a prediction
image suprlied from the intra predicticon unit 114 or the
motion prediction/compensation unit 115 via the selector 116,
and outputs difference information thereof to the orthogonal
transform unit 104,

[0C45]

For example, in the case of an image on which intra
coding 1s to be performed, the computing unit 103 subtracts
a prediction image supplied from the intra prediction unit
114 from an image read out from the screen rearrangement

buffer 102. Alsoc, for example, in the case of an image on



which inter coding is to be performed, the computing unit
103 subtracts a prediction image supplied from the mcotion
prediction/compensation unit 115 from an image read out from
the screen rearrangement buffer 102,

[(0047]

The orthogconal transform unit 104 performs an
orthogonal transform, such as the discrete cosine transform.
or Karhunen-Loeve tranaform, on the difference information
supplied from the computing unit 103, and supplies a
transform coefficient thereof to the guantizer 105.
f0048)

The guantizer 105 quantizes the transform coefificiesnt
output from the orthogonal transform unit 104. The
guantizer 105 performs quantization by sstting a
quantization parameter on the basis of information about a
target value of an amount of code supplied from the rate
controller 117. "The guantizer 105 supplies the guantized
transform coefficient to the lossless encoder 106.
i0049]

The lossless encoder 106 performs lossless coding, such
as variable-length ceding or arithmetic coding, on the
guantized transform ceoefficient. Coefficient data has been
guantized under contrel performed by the rate controller 117,
and thus the amcunt of code thereof is egual to (or

approximate to) a target valus set by the rate controller



117.
[0050]

The lossless encoder 106 obtains information indicating
intra prediction and so forth from the intra prediction unit

114, and obtains information indicating an inter predictio

=]

mode, metion vector information, and so forth from the
motion prediction/compensation unit 115. Note that-
information indicating intra prediction {intra-screen
prediction) will also be referred to as intra prediction
mode information hereinafter. Alsco, infermation indicating
an informatlon mode indicating inter prediction (inter-
screan prediction} will alsc be referred to as intex
prediction mode information.

[0051]

The lossless encoder 106 encodes the guantized
transform coefficient, and alsc causes various pleces of
informatioen, such as a filter coafficient, intra prediction
mode information, inter prediction mode information, and a
gquantization parametexr, to be part of header information of
encoded data {multiplexes the wvarious plecss of information).
The lossless encoder 106 supplies encoded data which has
been obtained through encoding te the accumulation buffer
107 to store the encoded data therein.

{00521

For example, in the lossless encceder 106, lossless



coding processing such as variable-length coding or
arithmetic coding is performed. An example of variable-~
length ccding includes CAVLC {Context-Adaptive Variable
Length Coding) defined in the H.264/AVC format. An example
of arvithmetic coding includes CABAC (Context~Adaptive Binary
Arithmetic Coding}.

[0053)

The accumulation buffer 107 temporarily holds the
encoded data supplied from the lossless enceder 106, and
outputs the encoded data to, for example, a recording device
or a transmissicn channel in the subseguent stage (not
illustrated) at a certain timing, as an encoeded image which
has been encoded using the H.264/AVC format.

[0054]

In additicn, the transform coefficient guantized by the
guantizer 105 is also supplied to the dequantizer 108. The
deguantizer 108 deguantizes the quantized transform
coefficient using & method corresponding to the quantization
performed by the guantizer 10D0. The dequantizer 108
supplies the transform coefficient obtained thersby to the
inverse orthegonal transform unit 108.

[00557

The inverse orthogonal transform unit 109 performs

inverse orthogonal transform on the transform coefficisent

supplied thereto using a method corresponding to the



orthogonal transform processing performed by the orthogonal
transform unit 104, The output obtained through the inverse
orthogonal transform (recovered difference information) is
supplied to the computing unit 110.

[0056)

The computing unit 110 adds a prediction image supprlied
from the intra prediction unit. 114 ox the moticn
prediction/compensation unit 115 via the selector 116 to the
rasult of inverse orthogenal transform supplied from the
inverse orthogenal Lransform unit 109, that is, reccovered
difference information, and cbtains a locally decoded image
{deccded image).

[0057] |

For example, in & case where the difference information
corresponds to an image on which intra coding is to be
performed, the computing unit 110 adds a prediction image
supplied from the intra prediction unit 114 to the
difference information. Alsce, for example, in a case where
the difference information corresponds toe an image on which
inter ceding is to be performed, the computing unit 110 adds
a prediction image supplied from the mction
prediction/compensation unit 115 to the difference

information.

The result of addition is supplied to the deblocking



filter 111 or the frame memcry 112.
[0059]

The deblocking filter 111 performs deklocking filter
processing as appropriate, thereby removing a block
distortion of a decoded image. The deblocking filter 111
supplies the result of filter processing to the frame memory
112, ¥ote that the decoded image output from the computing
unit 110 can be supplied to the frame memory 112 without via
the deblocking filter 111. That is, deblocking filter
processing by the deblocking filter 111 can be skipped.
[G060]

The frame memory 112 stores the decoded image supplied
thereto, and cutputs the stored deccded image as a reference
image to the intra prediction unpit 114 or the motion
prediction/compensation unit 115 via the selector 113 at a
certain timing.

[0061]

For example, in the case of an image on which intra
coding is to be performed, the frame memory 112 supplies a
reference image to the intra prediction unit 114 wvia the
gselector 113. Also, for example, in a case where inter
coding is to be performed, the frame memory 112 supplies a
raference image to the motion prediction/compensation unit
115 via the selector 113.

[0062]



In a case where the reference image supplied from the
rame memory 112 is an image on which intra coding is to ke
performed, the selector 113 supplies the reference image to
the intra prediction unit 114. On the other hand, in a case
where the reference image supplied from the frame memory 112
is an image on which inter coding is to be performed, the
selector 113 supplies the reference image to the motion
prediction/compensation unit 115.

[0063]

The intra prediction unit 114 performs intra prediction
{intra—-screen prediction) in which a prediction image is
generated using pixel values of a target picture to be
processaed supplied from the frame memory 112 via the
gelector 113. The intra prediction unit 114 performs intra
prediction using a plurality of prepared modes {intra
prediction modes).

[0064]

In the H.264 image information coding format, an intra
4 % 4 prediction mode, an intra 8 x 8 prediction mode, and
an intra 16 x 16 prediction mode are defined for luminance
signals. BAlso, regarding color-difference signals, a
prediction mods independent of that for luminance signals
can be defined for individual macroblocks. Regarding the
intra 4 x 4 prediction mode, one intra prediction mode is

defined for each 4 x 4 luminance block. Regarding the intra



8 x 8 prediction mode, one intra prediction mode is defined
for each 8 x 8 luminance block. Regarding the intra 16 x 16
prediction mode and color-difference signals, one prediction
mode 1s defined for one macroblock.

100651

The intra prediction unit 114 generates prediction
images using all candidate intra prediction modes, evaluatas
the cost function values of the individual prediction images
using an inpui image suppliled the screen rearrangement
puffer 102, and selects an optimal mode. After selecting an
optimal intra prediction mode, the intra prediction unit 114
supplies the prediction image which has been generated using
the optimal mode teo the computing unit 103 and the conmputing
unit 110 via the selector 116.

[0064]

Also, as described above, the intra prediction unit 114
supplies information, such as intra prediction mode
information indicating the adopted intra prediction mode, to
the lcossless encoder 106 as appropriate.

(00671

The motion predicticn/compensation unit 115 performs
motion prediction {inter prediction) on an image on which
inter ceding is to be performed, using an input image
supplied from the screen rearrangement buffer 102 and a

reference image supplied from the frame memory 112 via the



selector 1132, performs motion compensation processing in
accordance with a detected motion vector, and gesnerates 3
prediction image (inter prediction image informatlcon). The
motion prediction/compensation unit 115 performs such inter
prediction using a plurality cof prepared mcdes {(inter
prediction modes).

{00681

The motion prediction/compensation unit 115 generates
prediction images using all candidate inter prediction modes,
evaluates the cost function values of the individual
prediction images, and selects an coptimal modé. The motion
prediction/compensation unit 115 supplies the generated
prediction image te the computing unit 103 and the computing
unit 110 via the selector 116,

(0069}

Also, the motion prediction/compensation unit 1315
supplies inter prediction mede informaticon indicating the
adopted inter pradiction mode and motion vector information
indicating a calculated motion vector to the lossless
encoder 106.

00701

In the case of an image on which intra coding is to be
performed, the selector 116 supplies the ocutput of the intra
prediction unit 114 to the computing unit 103 and the

computing unit 110. In the case of an image on which inter



coding is to be performed, the selector 116 supplies the
cutput of the motion prediction/compensation unit 115 to the
computing unit 103 and the computing unit 110,

[0071]

i

The rate controller 117 controls the rate of the
guantization operation performed by the guantizer 105 on the
basis of the compressed images accumulated in the
accumalation buffer 107 3o that overflow or underflow does
not ogcur.

[og72}
[Image decoding apparatus compatible with AVC coding format]

Fig. 2 is a block diagram illustrating & main example
configuration of an image decoding apparatus that realizes
image compression using an orthogonal transform, such as the
discrete cosine transform or Karhunen-Loeve transform, and
by motion compensation. The image decoding apparatus 200
illustrated in Fig. 2 is a decoding apparatus correspcnding
to the image encoding apparatus 100 illustrated in Fig. 1.
[0073]

Encoded data which has been encoded by the image

encoding apparatus 100 is supplied to the image decceding

4]

pparatus 200 corresponding to the image encoding apparatus
100 via an arbitrary path, for example, a transmission
channel, a recording medium, or the like, and is decoded.

[C074]



As dllustrated in Fig. 2, the image decoding apparatus
200 includes an accumulation buffer 201, & lossless decoder
202, a degquantizer 203, an inverse orthogonal transform unit
204, a computing unit 205, a deblocking filter 206, a screen
rearrangement buffer 207, and a D/A converter 208. Also,
the image decoding apparatus 200 includes a frame memory 200,
a selecter 210, an intra prediction unit 211, a motion
prediction/compensation unit 212, and a selector 213.

[0075]

The accumulaticn buffer 201 accumulates encoded data
transmitted thereto. The encoded data has been encoded by
tha image encoding apparatus 100. The lossless decoder 202
decodes encoded data read out from the accumulation buffer
201 at a certain timing, using a format corresponding to the
coding format used by the lossless encoder 106 illustrated
in Fig. 1.

[00761

Alsc, in a case where a target frame has been intra
coded, inira prediction mode informaticon is stored in the
header portion of the encoded data. The lossless decoder
202 aiso decodes the intra prediction mode information, and
supplies the information to the intra prediction unit 211.
In contrast, in a case where a target frame has been inter
coded, meotion vector information is stored in the header

portion of the encoded data. The lossless decoder 202 also



decodss the motion vector information, and supplies the
information te the metion prediction/compensation unit 212,
[0077]

The deqguantizer 203 dequantizes coefficient data
{guantized coefficient} which is obtained through decoding
performed by the lossless decoder 202, using a methed
corresponding to the guantization method used by the
guantizar 105 illustrated in Fig. 1. That is, the
deguantizey 203 dequantizes the guantized coefficient using
a method similar to that used by the deguantizer 108
illustrated in Fig. 1.

100741

The deguantizer 202 supplies the degquantized
coefficient data, that is, an orthogonal transform
coefficient, to the inverse orthogonal transform unit 204.
The inverse orthogonal transform unit 204 performs inverse
orthogonal transform on the orthogonal transform ceefficisnt
using a method corresponding to the orthogonal transform
method used by the orthogonal transform unit 104 illustrated
in Fig. 1 (2 method similar to the method used by the
inverse orthogeonal transform unit 109 illustrated in Fig. 13,
and obtains decoded residual data corresponding to residual
data before crthogenal transform is performed by the image
encoding apparatus 100. For example, fourth-order inverse

orthogonal transform ig performed,
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[0079]

The decoded residual data obtained through inverse
orthogonal transform is supplied to the computing unit 205,
Also, the computing unit 205 is supplied with a prediction
image from the intra prediction unit 211 or the motion
prediction/compensation unit 212 via the selector 213.
(00807

The computing unii 205 adds the decoded residual data
and the prediction image, thereby obtaining decoded image
data corresponding to the image data from which the
prediction image has not been subtracted by the computing
unit 103 of the image encoding apparatus 100. The computing
unit 205 supplies the deccded image data to the deblocking
filter Z206.

(00811

The deblocking filter 208 removes a block distortion of
the decocded image supplied thereteo, and supplies the decodead
image to the screen rearrvangement buffer Z07.

[otgzl

The scrgen rearrangement buffer 207 rearranges images.
Yhat is, the frames which have been rearranged in an
encoding order by the screen rearrangement buffer 102
illustrated in Fig. 1 are rearranged in the original display
order. The D/A converter 208 D/A-converts the image

supplied from the screen rearrangement buffer 207, and
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outputs the image to a display (not illustrates) to display
the image thereon.
[0083]

The cutput of the deblocking filter 206 is also
supplied te the frame memory 209,
roog4]

The frame memory-20%, the selector 210, the intra
prediction unit 211, the motion prediction/compensation unit
212, and the selector 213 respectively correspond to the
frame memory 112, the selector 113, the intra prediction
unit 114, the motion prediction/compensation unit 115, and
the selector 116 of the image encoding apparatus 100.

(008513

The selector 210 reads ocut an image on which inter
processing is to be performed and a reference image from the
frame memory 209, and supplies the images to the motion
predicticon/compensation unit 212. Also, the selector 210
reads out an image to be used for intra prediction from the
frame memeory 209, and supplies the image to the intra
prediction unit 211.

00867

The intra prediction unit 211 is supplied with, for
example, information indicating an intra prediction mode
which has been cbtained by decoding header information from

the lossless deccder 202 as appropriate. The intra



predicticn unit 211 generates a prediction image Zrom the
reference image cbtained from the frame memory 209 con the
basis of the information, and supplies the generated
prediction image to the selector 213.

150873

The motion prediction/compensation unit 212 cbtains
information wnich has been obtalined by decoding the header
information (prediction mode information, motion vector
information, reference frame information, flag, wvarious
parameters, etc.) from the leossless decoder 2Z{2.

160881

_The moticn predicticon/compensation unit 212 generates a
prediction image from the reference image obtained f£rom the
frame memory 209 on the basis of the information supplied
from the lossless decoder 202, and supplies the generated
prediction image to the selector 213.
[0089]

The gselector 213 selects the prediction image which has
been generated by the motion prediction/compensation unit
212 or the intra prediction unit 211, and supplies the image
o the computing unit 205,

[G080]
{Macroblock type]
By the way, as disclosed in PTL 1, there is a coding

format in which an encoding mede for encoding and cutputting



image data and a non-encoding mode for ocutputting image data
without encoding the images data are provided, whether the
encoding mode or the non-encoding mode 1s to be used is
selected in units of macroblocks, and the enceding mode and
the non-encoding mode can be used in combination within a
single picture. BAs disclosed in PTL 2, also in the AVC
coding format, an I _PCM {Intra-block pulse code medulation)
mede (non—compression model for outputting image data
without encoding the image data is supported as one of the
types of macroblocks (mb_type), as illustrated in Fig. 3.
(00Bel]

This 1s used for ensuring real-time operation of
arithmetic coding processing in a case where a quantization
parameter 1s set to be a small value, such as QF = 0, and in
a case where the information amcunt of enceded data is
larger than that of an input image. Also, lossless coding
can be realized by using the I-PCM mode {non-compression
mode) .

[cooz}
{Cost function]

Meanwhile, to achieve higher encoding efficiency in the
AVC coding format, it is important to sslecl an appropriate
prediction mode.

[00931

An example of & selection method is a method which is



leaded in reference software of E.264/MPEG-4 AVC called JIM
{(Joint Model), which is released in
http://iphome.hhi.de/suehring/tml/index. him.

(00843

According to JM, the following two mode determination
metheds, that is, High Complexity Mode and Low Complexity
Mode, can be selected.. In either of them, cost functiocn
values regarding individual prediction modes are calculated,
and a prediction mode with the smallest cost function value
is selected as an optimal mode for a target bleck or
macroblock,

{0095

The cost function regarding the High Complexity Mode is
expressed by the folleowing esquation {1).

[0086]

Cost {Modeefd) = D + A * R +++ (1)
[0057]

Here, () represents a universal set of candidate modes
for encoding a target block or macroblock, and D represents
the differential energy between a decoded image and an input
image in a case where encoding is performed using the
prediction mode. A represents a Lagrange undetermined
multiplier which is given as a functicn of a guantization
parameter. R represents a total amount of code including an

orthogonal transform coefficient in a case where encoding is



performed using the mode.
[oo=g;

That is, to perform encoding using the High Complexity
Mode, 1t is necessary to once perform preliminary encoding
processing using all the candidate modes in order to
calculate the paramsters D and R, which involves a larger
amount of computation.

00593

The cost function in the Low Complexity Mode is
egxprassad by the folleowing eguation (2).

{01003

Cost (Modee(d) = D + QPZQuant {(QP) * HeaderBit «++« (2}
[0101]

Hare, D represents the differential energy between a
prediction image and an input image, unlike in the High
Complexity Mode. CP2Quant{QP) is given as a function of a
guantization parameter QP, and HeaderBit represents an
amount of code regarding information helonging to the Header,
such as a motion vector and mode, not including an
orthogonal transform ceoefficient.

[G102]

That 1s, in the Low Complexity Mode, it is necessary to
perform prediction processing regarding individual candidate
modes, but a decoded image 1s not necessary, and thus it is

not necessary to perform encoding processing. Thus, the Low



Complexity Mode can be realized with an amcunt of
computation smaller than that of the High Complexity Mede.
{01033

[Coding unit]

Next, description will be given of coding units, which
are defined in the HEVC coding format described in NPL 1.
[0104]

Coding units (CUs) are also called coding tree blocks
{CTBs}, are partial regilons of an image of each ?icture
which play a role similar to macrcblocks in AVC, and are
coding units having a hierarchical structure. The size of a
macroblock 1s fixed te 16 x 16 pixels, whereas the size of a
CU is not fixed and is specified in image compression
infermation in each seguence.

[0105]

In particular, a CU having the largest size is called
an LCU ({Largest Ceoding Unit}, and a CU having the smallest
gize is called an SCU {Smallest Ceding Unit). For example,
the sizes of these regions are specified in a secuence
paramaelter set (SPS) included in image compression
information. The individual regions are square shaped, and
the sizes thereof are limited to sizes expressed by a power
of Z.

[010¢]

Fig. 4 illustrates an example of coding units defined



in HEVC. In the example illustrated in Fig. 4, the size of
LCU is 128, and the maximum layer depth is 5. When the
value of split _flag is "17, the CU having a size of 2N x 2N
is split into CUs each having a size of N x N in the
immediately lower layer.

(G107}

Furthermore, a CU is szplit into prediction units {PUs),
each being a region serving as a unit of processing for
intra or inter prediction (partial region of an image of
each picture}, or is split into transform units (TUs), each
being a region serving as a unit of processing for
crthogonal transform (partial region of an image of each
picture). At present, in HEVC, 16 x 16 and 32 x 32
orthogonal transform can be used in additicn to 4 x 4 and 8
% 8 orthogeonal transform.

[0108]
[IBOT]

Meanwhile, NPL 2 suggests a method for increasing
internal arithmetic {IBDI {Internal it depth increass
except frame memcry}) illustrated inm Fig. 5. In this method,
as illustrated in Fig. 5, the bit depth of data is increased,
for example, from 8 bits to 12 bitsg, in guantization
processing, lossless coding processing, degquantizaticon
processing, filter processing, prediction processing,

lozsless deceoding processing, and so foxrth performed by an



encoding apparatus and a deceding apparatus. Accordingly,
an internal arithmetic error in processing such as
orthogonal transform or moiion compensation can be decreased,

and énceding efficiency can be enhanced,.

[BALY]

Meanwhile, NPL 3 suggests a method in which an FIR
filter is provided in a motion compensation loop and loop
filter processing using the filter (BALF (Block~based
Adaptive Loop Filter)) is adapiively performed, as
illustrated in Fig. 5. In an encoding apparatus, the FIR
filter coefficient 1s obtained using a Wiener filter so as
to minimize an error with respect to an input image, and
thereby degradation in a reference image can be minimirzed,
and encoding efficiency of image compression informaition o
be output can ke enhanced.

{0110}
[Efficiency of encoding processing]

Meanwhile, in the case of a coding format in which CUs
are defined and varicus processing operations are performed
in units of CUs, as in HEVC, 1t can be considered that a
nacroblock in AVC corresponds to an LCU. Hewever, since (CUs
have & hierarchical structure as illustrated in ¥Fig. 4, the
size of the LCU in the top layer is generzally set to be

larger than a macrcoblock in AVC, for example, 128 x 128



pixels.
[6111)

Therefore, in such a coding format, as in the case of
AVC, if the I PCM mode is set in units of LCUs, the unit of
processing becomes larger than that in AVC, for example, 128
x 128 pixels.
101123

The mode of intra prediction ¢r inter prediction is
determined by calculating and comparing cost funciion values,
as described above. That is, predicticon and encoding are
performed using all the modes, individual cost function
values are calculated, an optimal mode is s=lected, and
encoded data is generated using the optimal mode.
01131

However, when the I PCM mode 1s adopted, the encoded
data generated using the optimal mode is discarded, and an
input image (non-encoded data} is adopted as an encoding
result. Thus, when the I PCM mode is selected, all the
processing operations for generating the encoded data of the
optimal mode are not necessary. That is, 1f the unit of
selection contrel of the I PCM mode becomes large,
unnecessary processing operations further increase., That is,
as described above, if it is selected for each ILCU whether
or not the I _PCM mode is tc be adopted, the efficiency of

encoding processing may further decrease. Thus, for sxample,



it may become difficult to ensure real-time operation of
CABAC.
[0114]

Also, the above-described technologies such as IBDI and
BALF are not inciuded in the AVC coding format. In a case
where the I_PCM mode is adopted, it is unknown how to
control these processing operations.

[0113]

Accordingly, the present embodiment enables more
detailed control of selection of the I PCM mode (non-
compression mode), and also enables enhancement of encoding
efficiency while suppressing a decrease in the efficiency of
encoding processing. Alsc, the present embodiment enables
appropriate control of execution of IBDI and BALT according
to selection of the I _PCM mede, and also enables further
suppression of a decrease in the efficlency of encoding
processing.

[6116]
[ Image encoding apparatus]

Fig. 7 is a block diagram illustrating a main example
configuration of an image encoding apparatus.
[oLim)

The image encoding apparatus 300 illustrated in Fig. 7
is basically similar to the image encoding apparatus 100

illustrated in Fig. 1, and enccdes image data. As



illustrated in Fig. 7, the image encoding apparatus 300
includes an A/D converter 301, a screen rearrangement buffer
302, an adaptive shift-te-left unit 303, a computing unit
304, an orthogonal transform unit 305, a quantizer 308, a
lossless encoder 307, and an accumulation buffer 308. Also,
the image encoding apparatus 300 includes a deguantizer 2309,
an inverse crthogonal transform unit 310, a:computing unit. -
311, & loop filter 312, an adaptive shift-to-right unit 313,
a frame memory 314, an adaptive shift-to-left unit 3135, a
selector 316, an intra prediction unit 317, a motion
prediction/compensation unit 318, a selector 319, and a rate
contreller 320.

(01187

The image encoding apparatus 300 further includes a PCM
encoder 321,

[0119]

The A/D converter 301 A/D-converts image data input
thereto, as in the case of the A/D converter 131. The A/D
converter 301 suppllies the converted image data (digital
data) to the screen rearrangemenit buffer 302 teo store the
image data therein. The screen rearrangement buffer 302
rearranges, in accordance with a GOP (Group of Picture}
structure, frame images stored therein which are arranged in
a display order sc that the frame images are rearranged in

an encoding order, as in the case of the screen



rearrangement buffer 10Z. The screen rearrangement buffer
302 supplies the rearranged frame images Lo the adaptive
shift~to~left unit 303.

[0120]

In addition, the screen rearrangement buffer 302
supplies the rearranged frame images also to the lossless
encoder 307 and the PCM encoder 321.

[012%1]

The adaptive shift-to-left unit 303 is contrcelled by
the PCM encoder 321, shifts image data which has been read
out from the screen rearrangement buffer 302 in the left
direction, and increasses the bit depth therecof by a certain
number of bits (for example, ¢ bits). %or example, the
adaptive shift-to-left unit 303 increases the bit depth of
the image data which has been read out from the screen
rearrangement buffer 302 from 8 bits to 12 bits. 2As a
rasult of increasing the bit depth in this way, the accuracy
of internal asrithmetic in each of processing operations,
such as orthogonal transform processing, quantization
processing, lossless coding processing, predictien
processing, and so forth can be increased, and errors can be
suppressed.

(01227
Note that the amount of shift to the left (the amount

of bits) is not specified, and may be fixed or wvariabkble.



Also, the shiftmtofleft processing may bea skipped in
accordance with control performed by the PCM encoder 321.
[0123]

The adaptive shift-to-left unit 303 supplies the image
data on which shift-to-left processing has been performed to
the computing unit 304 (in a case where the processing is
skipped, the image data ocutput from the screen rearrangement
buffer 392 is supplied to the computing unit 304). In
addition, the adaptive shift-to-left unit 303 also supplies
the image data to the intra prediction unit 317 and the
motion prediction/compensation unit 318.

1012471

The computing unit 304 subtracts, from the image
supplied from the adaptive shift~to-ileft unit 303, a
prediction image supplied from the intra prediction unit 317
or the motion prediction/compensation unit 318 via the
selecteor 319, as in the case of the computing unit 103. The
computing unit 304 outputs difference information thereof to
the orthogonal transform unit 305.

(01257

For example, 1n the case of an image on which intra
coding is to be performed, the computing unit 304 subtracts
a prediction image supplied from the intra prediction unit
317 from the image supplied from the adaptive shift-to-left

unit 303. Also, for example, in the case of an image on



which inter coding is to be performed, the computing unit
304 subtracts a prediction image supplied from the motion
prediction/compensation unit 318 from the image supplied

from the adaptive shift-to-left unit 303.

[0126]

The orthegonal transform unit 305 performs an
orthegonal transform, such as the discrete cosine transform
cr Rarhunen-Loeve transform, on the difference information
supplied from the computing unit 304, as in the case of the
orthogonal transform unit 104. The method for the
orthogonal transform is not specified. The orthogonal
transform unit 305 supplies a transform coefficient thereof
to the guantizer 3086,

[0127]

The quantizer 306 guantizes the transform ccefficient
supplied from the orthogenal transform unit 305, as in the
case of the quantizer 105. The guantizer 306 performs
guantization by setting a guantization parameter on the
basis of information about a target value of an amount of
code supplied from the rate controller 320. The method Ffor
the gquantization i1s not specified. The guantizer 306
supplies the quantized transform ceefficient to the lossless
encoder 307.

101283

The lossless encoder 307 performs lossless coding, such



as variable-length coding or arithmetic coding, on the
transform coefficient cquantized by the guantizer 30£, as in
the case of the lossless encoder 106. Coefficient data has
been guantized under control performed by the rate
contreoller 320, and thus the amount of code thereof is egqual
to {or approximate to) a target value set by the rate
controller 320.

[0129]

Note that, in a case where the I PCM mede is selected
by the PCM encoder 321, the lossless encoder 307 regards an
input image (non-~encceded data) supplied from the screen
rearrangement buffer 302 as an encoding result (that is,
enceding is actually skipped).

(01307

Also, the lossless enceder 307 obtains information
indicating the mode of intra predicilon and so forth from
the intra prediction unit 317, and obtains information
indicating the mode of inter prediction, motion vector
information, and so forth from the motiocon
prediction/compensation unit 318, Furthermore, the lossless
encoder 307 obhtains the filter coefficient used by the lcop

ilter 312.

Fh

(013173
The lossless encoder 307 encodes the various pisces of

information, such as a filter ceeffiiclent, informatiocn



indicating the mode of intra prediction mode or inter
prediction, and a guantization parameter, as in the case of
the lossless encoder 106, and causes the various pieces of
information to be part of header information of encoded data
{fmultiplexes the varicus pileces of informaticn). The
lossless encoder 307 supplies encoded data which has been
ohtained through enceding (including non-encoded data in the
case of the I PCM mede) to the accumulation buffer 208 to
store the encoded data therein,
101327

For example, in the lossless encedar 307, as in the
case cf the lossless enceder 106, lossless coding processing
such as variable-length coding or arithmetic coding is
performed. An example of varilable-length coding includes
CAVLC (Context=-Adaptive Variable Length Coding) defined in
the E.264/AVC format. An example of arithmetic coding
includes CABAC (Context-Adaptive Binary Arithmetic Coding!.
Qf course, the lossless encoder 307 may perform encoding
using a method othar than these methods.
101337

The accumulation buffer 308 temporsrily holds the
encoded data supplied from the leossless encoder 307
(including non-encoded data in the case of the I _PCM mode),
as in the case of the accumulation buffer 107. The

accumulation buffer 308 outputs the encoded data held



therein to, for example, a recording device (recording
medium) or & transmission channel in the subseguent stage
{not illustrated) at a certain timing.

[0134]

In additicn, the transform coefficient guantized by the
guantizer 306 is also supplied to the deguantizer 309. The
degquantizer 309 dequantizes the guantized transform
ceoefficient using a method corresponding to the guantizaticn
performed by the gquantizer 306, as in the case of the
degquantizer 108. The method for the deguantization is not
limited as long as the method corresponds to the
guantirzation processing periocrmed by the quantizer 306. The
deguantizer 309 supplies the transform coefficient obtained
thereby to the inverse orthogonal transform unit 310.

[0135)

The inverse orthogonral transform unit 310 performs
inverse orthogonal transform on the transform coefficient
supplied from the dequantizer 3092 using a method
ceorresponding to the orthogonal transform processing
performed by the orthogonal transform unit 30%, as in the
case of the inverse orthogenal transform unit 108. The
method for the ilnverse orthogonal transform is not limited
as leng as the method corresponds to the orthogeonal
transform processing performed by the orthogonal transform

unit 305. The output obtained through the inverse



orthogonal transform {recovered difference information) 1is
supplied to the computing unit 311,
[0136]

The computing unit 211 adds a prediction image supplied
from the intra prediction unit 317 or the motion
prediction/compensation unit 318 via the selector 319 to the
result of inverse orthogonal transform supplied from the
inverse orthogonai transform unit 310, that is, recovered
difference information, and obtains a locally decoded image
{decoded image), as in the case of the computing unit 110,
[0137]

For example, in & case where the difference information

corresponds to an image on which intras coding is to be

h

performed, the computing unit 311 adds a prediction image
gsupplied from the intra prediction unit 317 to the
difference information. Also, for example, in a case whers
the difference information corresponds tLo an image on which
inter coding is to be performed, the computing unit 311 adds
a prediction image supplied from the motion
prediction/compensation unit 318 o the difference
information.
[0138]

The result of addition {decoded image} is supplied to
the loop filter 312 ox the adapitive ghift-to-right unit 313,

[0138]



_50..

The loop filter 31Z includes a debleocking filter, an
adaptive loop filter, or the like, and performs filter
processing on the decoded image supplied from the computing
unit 311 as appropriate. For example, the loop filter 312
performs deblocking filter processing which is similar to
that performed by the deblocking filter 111 on the decoded
image, thereby removing a block distortion of the decoded
image. Also, for example, the lcop filter 312 is controlled
Dy the PCM enceoder 321, and perfcrms loop filter processing
on the result of the deblocking filter processing (the
decoded image from which a block distorticon has been
removed) by using a Wiener filter, thereby improving the
image guality. Note that the adaptive loop filter
processing may be skipped in accordance with control
performed by the PCM encodexr 321.

[0140]

Alternatively, the loop filter 212 may perform
arbitrary filter procegsing on the decoded image. Also, the
loop filter 312 may supply a filter coefficient used for
filter processing to the lossless encoder 307 as necessary,
z¢o that the filter coefficlent 1s encoded.

[0141]

The loop filter 312 supplies the result of filter

processing (the decoded image on which filter processing has

been performed) to the adaptive shift-to-right unit 313.
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Note that, as described above, the deccded image output from
the computing unit 311 may be supplied to the adaptive
shift~to~right unit 313 without via the loop filter 312.
That is, filter processing by the loop filter 312 may be
skipped.

[0L42;]

The adaptive shift-to-right unit 313 is controlled by
rha PCM encoder 321, shifts the image data supplied from the
computing unit 311 or the loop filter 312 in the right
direction, and decreases the bit depth thereof by a <certain
number of bits (for example, 4 bitsg). That is, the adaptive
shift-to~right unit 313 shifts, to the right, the image data
by the number of bits by which the iﬁage data has been
shifted to the left by the adaptive shift-to-left unit 303,
s0 as to change the bit depth of the image data to the state
before the image data is shifted to the left (the state at
the time when the image data i1s read out from the screen
rearrangement buffer 302).

[0143]

For example, the adaptive shift-to-right unit 313
decreases the bit depth éf the image data supplied from the
computing unit 311 or the loop filter 312 from 12 bits to 8
bits. As a result of decreasing the bit depth in this way,
the data amount of image data stored in the frame memory can

he decreased.



[0144]

Note that the amount of shift to the right {the amount
of bits) i1sg not specified as lcong as the amount matches the
amount of shift to the left in the adaptive shift-to-left
unit 303. That is, the amount may be fixed or variable,
Also, the shift-to-right processing may be skipped in
accordance with control performed by the PCM encoder 321,
[0145]

The adaptive shift-to-right unit 313 supplies the image
data on which shift-to-right processing has been psrformed
to the frame memory 314 (in a case where the processing is
skipped, the image data output from the computing unit 311
oy the loop filter 312 is supplied to the frame memory 314),
r0148]

The frame memory 314 stores the decoded image supplied
thereto, as in the case of the frame memocry 112, and cutputs
the stored decoded image to the adaptive shift-teo-left unit
315 as & reference image at a certain timing.

[0147]

The adaptive shift-to-left unit 315 is a processing
unit similar to the adaptive shift-to-left unit 203, is
controlled by the PCM encoder 321, appropriately shifts the
image data [(reference image) read out from the frame memory
214 in the left directicon, and increases the bilt depth

thereof by a certain number of bits (for example, 4 bits).



{01487

For example, in a case where the mode is not the I_PCM
mode, the data of an input image is shifted to the left by
the adaptive shift-to-left unit 303. Thus, the adaptive
shift-te-left unit 315 shifts the data of a reference image
read out from the frame memory 314 to the left in accordance
with control performed by the PCM encoder 321, and increases
the bit depth by the number of bits that is the same as in
the case of the adaptive shift-to-left unit 303 (for example,
changes the bit depth from 8 bits to 12 bilts).

(01459}

Then, the adaptive shift-to-left unit 315 supplies the
image data on which shift-to-left processing has been
performed to the selector 316, As a result of increasing
the bit depth in this way, the bit depth of the reference
imzge can be made the same as the bit depth of the input
imagg, and the reference image can be added to the input
imsge. BAlso, the accuracy of internal arithmetic such as
prediction processing can be increased, and errors can be
suppressed.

[0150]

In contrast, for example, in the case of the I_PCM mode,
the data of an input image is not shifted to the left by the
adaptive shift~to-left unit 303. Thus, the adaptive shift-

to-left unit 315 supplies the reference image read out from



the frame memory 314 to the selector 316 without increasing
the bit depth, in accordance with control performed by the
PCM encoder 321.

(01511

In the case of intra prediction, the selector 316
supplies the reference image supplied from the adaptive
shift~to-left urit 315 to the intra prediction unit 317, as
in the case of the selector 113. Alsc, in the case of inter
prediction, the selector 316 supplies the reference image
supplied from the adaptive shift-to-left unit 315 to the
motion prediction/compensation unit 318, as in the case of
the selector 113.

[0152]

The intra prediction unit 317 performs intra prediction
(intra-screen prediction} in which a prediction image is
generated using the reference image supplied from the
adaptive shift-to~left unit 315 via the selector 316. The
intra prediction unit 317 performs intra prediction using a
plurality of prepared modes (intra prediction modes). The
intra prediction unit 317 is alsc capahle of performing
intra prediction using an arbitrary mode other than the
modes defined in the AVC coding format.

[(0153]
The intraz prediction unit 317 generates prediction

images using all candidate intra predicticn modes, svaluates



the cost function values of the individual prediction images
using an input image supplied the adaptive shift-to-left
unit 303, and selects an optimal mode. After selecting an
optimal intra prediction mode, the intra prediction unit 317
supplies the prediction image which has been generated using
the optimal mode to the computing unit 3204 and the computing
unit 311 via the selector 318.

[0154]

&lso, as described sbove, the intra prediction unit BE?
supplies informatior, such as intra prediction mode
infermation indicating the adopted intra prediction mode, to
the lossless encoder 3207 as appropriate, so th#t the
information is encoded.

10155]

The motion prediction/compensation unit 318 performs
motion prediction (inter prediction) on an image on which
inter coding is to be performed, using an input image
supplied from the adapiive shift-to-left unit 303 and =z
reference image supplled from the adaptive shift-te-left
unit 315 via the selecter 316, performs motlion compensation
processing in accordance with a detscted motion vector, and
generates a prediction image (inter prediction image
infermation). The metion prediction/compensation unit 318
performs such inter prediction using a plurality of prepared

medes {(inter prediction modes). The motion



prediction/compensation unit 318 is alsc capable of
paerforming inter prediction using an arbitrary mode other
than the modes defined in the AVC coding format.

[015%6]

The motion prediction/compensation unit 318 generates
prediction images using all candidate inter prediction modes,
evaluates the cost function values ¢of the individusl
pradiction images, and selects an optimal mode. After
selecting the optimal inter prediction mode, the motion
predicticn/compensation unit 318 supplies the prediction
image generated using the optimal mode to the computing unit
304 and the computing unit 311 via the selector 319.

[0157]

Blso, the metion prediction/compensation unit 318
supplies inter predicticn mode infeormation indicating the
adopted inter predicition mede and motion vector information
indicating & calculated motion vector to the lossless
encoder 307, so that the information is encoded.

[0158]

In the case of an image cn which intra coding is to be
performed, the selector 3219 supplies the cutput of the intra
prediction unit 317 feo the computing unit 304 and the
computing unit 311, as in the case of the selector 116. In
the case of an image on which inter coding is to be

performed, the selector 319 supplies the output of the



motion prediction/compensation unit 318 to the computing
unit 304 and the computing unit 311.
[0159]

The rate ceontroller 320 controls the rate of the
quantization operation performsed by the guantizer 306 on the
basis of the amcunt of code of the encoded data accumulated
in the accumulation buffer 308 so that overflow or underflow
does not occur.

01607

Also, the rate controller 320 suppliss the amount of
ccde (the amount of generated code) of the encoded dats
accumilated in the accumulation buffer 308 to the PCM
encoder 321.

(01613

The PCM encoder 321 compares the amount of code
supplied from the rate conircller 320 with the data amount
of the input image supplied from the screen rearrangement
buffer 302, and selects whether or not the I_PCM mode is to
be adopted. At this time, the PCM encoder 321 performs
selection in units of CUs, which are smaller than LCUs.
That is, the PCM encoeder 2Z1 controls whether or not the
I PCM mode is to be adopted in more detail.

[0l62]
In accordance with the result of selection, the PCM

ancoder 321 controls the operations c¢f the lossless encoder
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307, the adaptive shift-to~left unit 303, the adaptive
shift~to-right unit 313, the adaptive shift-to~left unit 315,
and the loop filter 312.

[0163]

[Lossless encoder, PCM encoder, and loop filter]

Fig. 8 is 2 block diagram illustrating a main example
configuration of the lossless encodexr 307, the PCM encoder
321, and the loop filter 312 illustrated in Fig. 7.
r0164;

As illustrated in Fig. 8, the lossless encoder 307
includes a HAL (Network Abstraction Laver) encoder 331 and a
CU encoder 33Z.

[0165]

The NAL encoder 2331 enéodes a NAL, for example, an SPS
{Sequence Parameter Set), & PPS {Picture Parameter Set), or
the like, on the basis of a user instruction, specifications,
or the like input via a user interface (not illustrated).
The NAL encoder 331 supplies the encoded NAL (NAL data) to
the accumulation buffer 308, so that the NAL data ig added
to CU data, which i1s an encoded VCL (Video Coding Laver)
supplied from the CU enceder 332 to the accumulation buffer
308.
[016¢]

The CU enceder 332 is controlled by the PCM encoder 321

{on the basis of an On/0ff control signal supplied from the



PCH encodeyr 321) and encodes a VCL. For example, in a case
where the I_PCM mode is not selected by the PCM encoder 321
(in a cases where a control signal representing "On" is
supplied from the PCM encoder 321}, the CU encoder 332
encodes guantized orthogonal transform coefficients of
individual CUs. The CU encoder 332 supplies the pieces of
encoded data (CUO data) of the individual CUs to the
accumulation buffer 308,

[0167]

Also, for example, in a case where the I PCM mode is
selected by the PCM encoder 321 {in & case where a control
signal representing "Of£" is supplied from the PCM encoder
321}, the CU encoder 332 supplies input pixel values which
are supplied from the screen rearrangement buffsr 302 +o the
accumulation buffer 308, as an encoding result (CQU dats).
[0168]

In addition, the CU encoder 332 also encodes a flag
(I pPCM flag) which indicates whether or not the mode of
encoding is the I _PCM mode and which is supplied from the
PCM encoder 321, and supplies the enceoded flag as CU data to
the accumulation buffer 308. Furthermore, the CU encoder
332 encodes information about filter processing, such as an
adaptive filter flag and a filter coefficient, supplied from
the loep filter 312, and supplies the encoded information as

CU data to the accumulation buffer 308.



[0169]

The method for encoding used by the CU encoder 332 is
noct specified (for example, CABAC, CAVLC, or the like). The
NAL data and CU data supplied to the accumulation buffer 308
are combined together and accumulated thersin.

[0170]

Note that the PCM encoder 321 actually controls whether
or not the I PCM mode 1s to be selected, by using the amount
code of encoded data which is geznerated by encoding, with
the CU encoder 332, & gquantized orthogonal transform
cosfficient.

[CG171]

Thus, for example, in a case where the I PCM mode is
not selected, the encoded data which has been supplied to
the accumulation buffer 308 is adopted as an enceding result
of the quantized orthogonal transform coefficient of the
target CU., Thus, 1t is only necessary for the CU encode;
332 to encode additional information, such as an I PCM flag.
01727

In ceontrast, for example, in a case where the I _PCM
mode is selected, the CU encoder 332 supplies the input
pixel wvalues ¢f the target CU which are supplied from the
screen rearrangement buffer 202 to the accumulation buffer
308, as an encoding resulit {(CU data). Thus, in this case,

the esncoded data of the target CU which has been supplied



{encoded data generated by encoding the guantized orthogonal
transform coefficient) is discarded. That is, all the
processing operations regarding generaticn of the encoded
data are redundant.

[C173]

As illustrated in Fig. 8, the PCM encoder 321 includes
an I _PCM flag generator 341 and a PCM deciding unit 342.
[0174)

The I_PCM flag generator 341 generates an IWPCMNfiag in
accordance with a decision made by the PCM deciding unit 342,
and decides the value therecf. The I PCM flag generator 341
supplies the generated I PCM flag to the CU encoder 332 of
the lossless encoder 307. For example, in a cass where the
PCM deciding anit 342 selects the I PCM mode, the I _PCM flag
generator 341 sets the value of the I PCM flag to be a value
indicating that the I PCM mode ig selected (for example,
11"y, and supplies the I PCM flag to the CU encoder 332.
Also, for example, for example, in a case where the PCM
deciding unit 342 does not select the 1 _PCM mede, the
I PCM flag generator 341 sets the value of the I _PCM flag to
be a value indicating that the I PCM mode is not selected
{for example, "0"), and supplies the I PCHM flag to the CU
encoder 332.

[0175]

The PCM deciding unit 342 decides whether cr not the



node of encoding is to be the I PCM mode., The PCM deciding
unit 342 cbtains the amount of data of the input pixel
values supplied from the screen rearrangement buffer 302,
compares the amcunt of data with the amcunt of generated
code supplied from the rate controllexr 320, and decides
whether or not the I_PCM mode is te be selected on the basis
of the comparison result. The PCM deciding unit 342
supplies an On/0ff control signal representing the selection
result to the CU encoder 332 and the I PCM flag generator
341, thereby contrelling an operation in accordance with the
selection result,

[0176]

For example, in a case where the amount of data of the
input pixel wvalues is larger than the amount of generated
code, the PCM deciding unit 342 does not select the I PCM
mode. In this case, the PCM deciding unit 342 supplies a
control signal representing "Cn" to the CU encoder 332, and
causes the CU encoder 332 to encode the quantized orthogonal
transform coefficient. Also, the PCM deciding unit 342
supplies a control signal representing "On" to the
I_PCM flag generator 341, and causes the I_PCM flag
generater 341 to generate an I _PCM flag having a value
indicating that the I_PCM mode is not selected (for example,
NVAD I

[0177]



In contrast, for example, in a case where the amount of
data of the input pixel values is smaller than or sgqual to
the amount of generated code, the PCM deciding unit 342
selects the I PCM mode. In this case, the PCM deciding unit
242 supplies a control signal representing YOFf" fo the CU
encoder 332, and causes the CU encoder 332 to ocutput the
input pixel values as an encoding result {CU data)., Also,
the PCM deciding unit 342 supplies a control signal
representing "OLf" to the T PCM flag generator 341, and
causes the I PCM flag generatcr 241 to generate an
I_PCM flag having a value indicating that the I PCM mode is

selected {(for example "1").

The PCM deciding unit 342 is capable of deciding
whether oxr not the I_PCM mode 1s to be selected, in units of
Cls of all the sizes (in an arbitrary laver) which are set
in a seguence parameter set, as well as LCUs. Accordingiy,
for example, precessing of suppressing the generation of
many bits with a low QP by using the I PCM mode can be
executed in units of smaller CUs. Thus, the amount of code
{including the data amount of non-encoded data in the I PCM
mode} can be controlled in more detail, and redundant
processing which occurs in the I_PCM mode can be reducsad.
[0179]

Also, the PCM deciding unit 342 supplies an On/OffF



control signal representing a selection result to the
adaptive shift-te-left unit 303, the adaptive shift-to-right
unit 313, and the adaptive shift-to-left unit 315, thersby
controlling IBDI in accordance with the selection result.
That is, in a case where the mode of a target CU is the
I _PCM mode, the PCM deciding unit 342 performs control so
that processing of increasing and decreasing the bit
precision is not performed by an adaptive shit device.
[018071

For example, Iin & case where the I _PCM mode is not
selected, the PCM deciding unit 342 supplies a control
signal representing "On” to the adaptive shift-tc-left unit
303, the adaptive shift-to-right unit 313, and the adaptive
shift-to-left unit 3153, and causes shift-to~left processing
and shift-to~right processing to be performed, so that the
bit precision in internal processing is incresased.
(01811

in contrast, for example, in a case where the I PCM
mode is selected, the PCM deciding unit 342 supplies a
control signal representing "Off" to the adaptive shift-to-
left unit 303, the adaptive shift-to-right unit 313, and the
adaptive shift-to-leff unit 315, and causes shift-to~left
processing and shift-to-right processing teo be skipped, so
that the kit precision in internal processing is neot

increased,



10182]

In the I PCM mcde, input image pixel valuss are
transmitted to image compression information, and thus no
arithmetic errors occur. Increasing the bit arithmetic
precision therefor is redundant processing. The PCM
deciding unit 342 is capable of eliminating such redundant
processing by performing processing in the above-described |
manner.

[0183]

Furthermere, the PCM deciding unit 342 suppliies the
On/Cff control signal representing the selection result to
the loop filter 312, thereby controlling adaptive loop
filter processing (BALF) in accordance with the selsction
result. That is, in a case where the mode of a target CU is
the I_PCM mode, the PCM deciding unit 342 performs control
so that adaptive loop filter processing is not performed by
the loocp filter 312.

[6184]

For example, in a case where the I PCM mode is not
selected, the PCM deciding uniit 342 supplies a control
signal representing "On" to the loop filter 312, so that
adaptive locp filter processing is performed. In contrast,
for example, in a case where the I_PCM mode is selected, the
PCM deciding unit 342 supplies a controel signal representing

"Off" to the loop filter 312, so that adaptive loop filter



processing is skipped.
{01s5]

In the I PCM mode, input image pixel wvalues are
transmitted to image compressicon information, and thus
degradaticon does not occur. Performing adaptive loop filter
processing thereon is redundant. The PCM deciding unit 342
is capeble of eliminating such redundant processing by
performing processing in the above-described manner.

[0186]

Es illustrated in Fig. 8, the loop filter 3212 incliudes

a deblocking filter 351, a plxel scorting unit 352, a filter

coefficlent calculator 353, and a filtering unit 354.

As in the case of the deblocking filter 111, the
deblocking filter 351 performs deblocking filter processing
on a decoded image (before-deblocking-filter pixel values)
supplied from the computing unit 311, thereby removing a
bleck distortion.

[0188]

Even 1f a target CU to be processed is processed using
the I _PCM mode, it is not always that the CU adjacent to the
target CU has been processed using the I PCM mode. Thus,
even if the target CU is processed using the I PCM mode, a
block distertion may occcur. Thus, deblocking filter

processing is performed regardless of whether or not the



mode of the target CU is the I_PCM mode.
(01893

The deblocking filter 351 supplies the result cof filter
processing (after-deblocking-filter pixel wvalues) to the
pixel sorting unit 352,

[0190]

The pixel sorting unit 332 sorts individual results of
filter processing (after-deblocking~filter pixel values) as
pixel values on which adaptive loop filter processing is to
be performed or as pizel values on which adaptive loop
filter processing is not be to performed, in accordance with
the values of On/UEff control signals supplied from the PCM
deciding unit 342.

[Gre1]

For example, in a case where a control signal
representing "On" is supplied from the PCM deciding unit 342,
the pixel sorting unit 352 sorts the after-deblocking-filter
pixel values of the corresponding CU as pixel values on
which adaptive loop filter processing is to be performed.

In contrast, for example, in a case where a control signal
representing "OfL" is supplied from the PCM deciding unit
342, the pixel sorting unit 352 sorts the after-deblocking-
filter pixel wvalues of the corresponding CU as pixel values
on which adaptive loop filter processing is not to be

performead,



[o1gz1

The pixel sorting unit 352 supplies the sorted pixel
values of individual pizels (after-deblocking-filter pixel
values) to the filter coefficient calculator 353.
[01931]

The filter coefficient calculator 353 calculates, using
a Wiener filter, a filter coefficient (FIR filter
coefificlent) of an adaptive loop filter for the pixel values
on which adaptive loop filter processing is to be performed
amonyg the after-deblocking~flilter pixel wvalues supplied
thereto, gso a3 to minimize the error wlith respect toc an
input image. That is, the filter cosfficilent calculator 353
calculates a filter ceoefficient by excluding pixels which
are to be processed using the I PCHM mode.
[0194]

The filter coefficient calculator 353 supplies the

zfter-deblocking-filter pixel values and the calculated

H

filter coefficient to the filtering unit 354.

F

[0185]

The filterving unit 354 performs, using the filter
coefficient supplied thereto, adaptive lcoop filter
proceasing on the pixel vwalues which have been sorted as
pixel values on which adaptive lcop filter processing is to
be performed. The filtering unit 354 supplies the pixel

values on which filter processing has been performed and the



pixel values whiéh have been sorted as pixel values on which
adaptive loop filter processing is not to be performed,
which are after-adaptive~filter pixel valuess, to the
adaptive ghift~te-right unit 313.

i0196]

Also, the filtering unit 354 generates an adaptive
filter flag (on/off flag), which is filter identification
information indicating whether or not filter processing has
heen parformed, for each of certain blocks which are sert
independently of CUs. The method for setting the value of

the adaptive filter flag is not specified.

For example, in a case where adaptive loop filter
processing has been performed on some or all of the pilxels
in a targest block to be processed (current block), the
adaptive filter flag may be set to have a value indiecating
that filter processing has been performed {for example, "1").
Also; for example, in a case where adaptive loop filter
processing has not been performed on all the pixels in the
bPlock, the adaptive filter flag may be set to have a value
indicating that filter processing has not been performed
{(for example, "O"). The wvalue of the adaptive filter flag
may be set on the basis of ancther standard.

(01983

The filtering unit 354 supplies The generated adaptive
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filter flag to the CU encoder 332 of the lossless encceder
307, so that the adaptive filter flag is encoded and is
provided to the decoding side. Note that, in a case where
the wvalue of the adaptive filter flag is a value indicating
that filter processing has not keen performed (for example,
"G%), providing the adaptive filter flag to the decoding
side may be skipped (the adaptive filter flag is not
provided to the decoding side).

[0129]

For example, in a case where the value of the adaptive
filter flag is a value indicating that filter processing has
not been performed (for example, "0") and where the coding
format used by the lossless encoder 307 (CU encoder 332} is
VILC, the filtering unit 354 skips supply of the adaptive
filter flag {does not provide the adaptive filter flag to
the decoding side). Also, for example, in a case where the
value of the adaptive filter flag is a walue indicating that
filter processing has not been performed (for example, Y0OU")
and where the coding format used by the lossless encoder 307
{CU encoder 332) is CABAC, the filtering unit 354 supplies
the adaptive filter flag to the CU encoder 332 of the
lessliess encoder 307 {provides the adaptive fililter flag to
the decocding side).

02003

This iz because, in the case of VLC, if the amount of



input information is small, it is possible to realize higher
enceoding efficiency, but in the case of CABAC, if the same
information is continucusly input, the probability at the
time cf performing arithmetic coding is biased, and higher
enceding efficiency can be realized.

[02011

Furthermore, the filtering unit 354 supplies the fiitgr
coefficient used for the adaptive loop filter processing to
the CU encoder 332 of the losslesz encoder 307, so that the
filter coefficient is encoded and providsd to the decoding
side,

[ozoz]
[PCM deciding unit]

Fig. 2 is a block diagram illustrating a main example
configuration of the PCM deciding unit 342 illustrated in
Fig. 8.

[0203]

As illustrated in Fig. 9, the PCM deciding unit 342
includes an input data amcunt calculator 361, a PCM
determining unit 362, an encoding controller 383, an
adaptive shift controller 264, and a filter controller 365.
102047

The input data amount calculator 361 calculates, for a
target CU, the amount of input data which is the amount of

data of input pixel values supplied from the screen



reérrangement buffer 30Z, and supplies the calculated amount
cf input data to the PCM determining unit 362,
[0Z05]

The PCM determining unit 362 obtains the amcunt of
generated ceode (generated bits) supplied from the rate
controlier 320, compares the amount of generated code with
the amount of input data supplied Ifrom the input data amount
calculator 361, and determines whether or not the I_PCM mode
is to be selected for the CU on the basis of the comparison
result. That is, the PCM determining unit 362 determines,
for each CU in an arbitrary layer, whether or not the I PCM
mode 1s to be selected. The PCM determining unit 362
supplies the determination result to the encoding controller
363, the adaptive shift controller 364, and the filter
controller 365.

[0208]

On the basis of the determination result supplied Ffrom
the PCM determining unit 362 (identification information
indicating whether or not the I PCM mode is selected), the
encoding contreller 363 supplies an On/Off control signal to
the CU encoder 332 and the I_PCM flag generator 341.

[0207]

Thus, the encoding controller 363 is capable of

controlling the mede ¢f enceding in units of CUs in an

arbitrary layer. Accordingly, the encoding controller 363



is capable of controlling the amount of code (including the
data amount of non-encoded data in the I PCM mode) in more
detail, and is also capable of reducing redundant processing
when the I PCM nmode is selected.

[0208]

On the basis of the determination result supplied from
the PCM determining unit 362 (information indicating whether
or not the I _PCM mode is seliected), the adaptive shift
controller 364 supplies an On/Off control signal toe the
adaptive shift-te-left unit 303, the adaptive shift-to-right
unit 313, and the adaptive shift-to-left unit 315.

(02097

Thus, the adaptive shift controller 364 is capable of
performing contrel so that the bit depth is not increased in
internal arithmetic when the I PCM mode is selected.
Accordingly, the adaptive shift contreller 364 is capable of
reducing redundant processing.

(021073

On the basis of the determination result supplied from
the PCM determining unit 362 (information indicating whether
cr not the I PCM mode is selected), the filter controller
365 supplies an On/Off control signal to the pixel sorting
unit 352.

[0211]

Thus, the filter controller 265 is capable of



performing control so that adaptive loop filter processing
is net performed when the I_PCM mode is selected.
Accordingly, the filter controller 365 is capable of
reducing redundant processing.

{02121

As described above, the image encoding apparatus 300 is
capable of reducing redundant processing and suppressing a
decrease in the efficiency of encoding processing. Also,
the image encoding apparatus 300 is capable of selecting the
I_PCM mode (nen-compression mede) in more detail (in units
of smaller data units}, and enhancing encoding efficiency.
Therefore, the image encoding apparatus 300 is capable of
enhancing encoding efficiency while suppressing a decrease
in the efficiency of encoding processing.

[0213]
[Ficw of enccding processing]

Next, description will be given of the flow of
individual processing operations performed by the above~
described image encoding apparatus 300, First, an sxzample
of the flow of encoding processing will be described with
reference te the flowchart in Fig. 16.

[0214]

In step $301, the A/D converter 301 A/D-converts an

input image. In step 5302, the screen rearrangenent buffer

302 stores the A/D-gonverted image therein and resarranges



plctures from a display crder to an enceding order.
[6215]

In step 3303, the adaptive shift-to-left unit 303
adaptively performs shift to the left on the input image on
the basis of control performed by the PCM encoder 321. In

step 8304, the adaptive shift-to-left unit 315 adaptively

o

performs shift te the left on a reference image.
[021a]

In step 3305, the intra prediction unit 317 performs
intra predicticn processing in the intra prediction mode by
using the reference image which is shifted to the left in
step 5304. In step 5306, the motion prediction/compensation
unit 318 performs inter motion prediction processing, in
which motion prediction or motion compensation is preformed
in the inter predictien mede, by using the reference image
which is shifted to the left in step 8304.

(02171

Note that, actually, the processing of shifting the bit
depth of the reference image to the left may ke performed
when the reference image is read out from the frame memory
314 in intra prediction processing or inter motion
prediction processing.

[oz1gl
In atep 5307, the selector 319 determines an optimal

mode on the basis of the individual cost functicns which



have been cutput from the intra prediction unit 317 znd the
motion prediction/compensation unit 318. That is, the
selector 319 selects any one of a prediction image generated
by the intra prediction unit 317 and a prediction image
generated by the motion prediction/compensation unit 318.
[0218]

Also, selection-information indicating which of the
prediction images has been selected iz supplisd to, among
the intra prediction unit 317 and the motion
prediction/compensation unit 318, the one corresponding to
the seleacted predicticn ilmage. In & case where the
predicticon image of the optimal intra prediction mode is
selected, the intra prediction unit 317 supplies intra
prediction mode information indicating the optimal intrs
predicticn mode and so forth to the lossless enceder 307,
In a case where the prediction image of the optimal inter
prediction mode is selected, the motion
prediction/compensation unit 318 outputs information
indicating the optimal inter prediction mode, and if
necessary, information based on the optimal inter prediction
mode, to the lossless encoder 307. Examples of the
information kased on the optimal inter predicticn mode
include motion vector information, flag information, and
reference frame informaticn.

[0220)



In step 2308, the computing unit 304 computes the
difference between the image in which the bit depth has been
shifted to the left through the processing in step 3303 and
the prediction image selected through the processing in step
S307. The prediction image is supplied to the computing
unit 304 via the selector 319 from the motion
prediction/compensation unit 318 in & case where inter
prediction is to be performed, and from the intra prediction
unit 317 in a case where intra prediction is to be performed.
[0221]

The anmcunt of difference data is smaller than that of
the original image data. 7Thus, the amount of data can be
reduced compared to 2 case where an image iltself is encoded.
(62227

In step 5309, the orthogconal transform unit 305
performs an orthogonal transform on the difference
information generated through the processing in step 5308,
Specifically, an corthogonal transform such as the discrete
cosine transform or Karhunen~Loeve transform is performed,
and a transform coefficient is output.

[0223]

In step 3310, the guantizer 306 guantizes the
crthogonal transform coefficient obtainsd through the
processing in step S309.

[0224]



In step S311, the lossless encoder 307 encedes the
transform coefficient quantized through the processing in
step 5310. That is, lossless coding such as variable-length
coding or arithmetic coding is performed on the difference
image.

[0225]

The loussless encoder 307 encodes & gquantization
parameter calculated in step 38310 and adds the guantization
parameter to encoeded data. Also, the leossless encoder 307
encodes information about the mode of the prediction image
selected through the processing in step $307, and adds the
information to the encoded data which is obtained by
encoding the difference Ilmage. That i1s, the lossless
encoder 307 also encodes the optimal intra prediction mode
information supplied from the intra prediction unit 317 or
information based on the optimal inter prediction mode
supplied from the moticn predicticn/compensation unit 318,
and adds the information to the encoded data.

[0226]

Furthermore, the lossless encoder 307 encodes the
filter coefficient and flag information obtained from the
locp fililter 312 and adds them to the encoded data.
Furthexrmore, the lossless encoder 307 encodes NAL data.
(02277

In step 5312, the accumulation buffer 208 accumulates



the encoded data cutput from the lcssless encoder 307. The
encoded data accumulated in the accumulation buffer 308 is
read cut as appropriate, and 1s transmitted to the decoding
side via a transmission channel or a recording medium.
[0223]

In step 8313, the rate controller 320 calculates the
amcunt of code (the amount of generated code) of the encoded
data accumulated in the accumulation buffer 308 through the
proceszsing in step 8312, and controls the rate of the
quantization coperation performed by the guantizer 306 on the
basis of the amount of code so that overflow or underflow
does not occcur. Alse, the rate controller 220 supplies the
amount of generated code to the PCM encoder 3Z1.

162291

In step S314, the PCM encoder 321 performs BPCM encoding
control processing by using the amount of generated code
calculated in step 8313, In step 8315, the lossless encoder
307 performs PCM encoding processing in accordance with
control performed by the PCM encoder 321,

(02301

In step 5316, the dequantizer 208 to the frame memory
314 perform reference image generatlion preocessing in which
the difference information guantized through the processing
in step 5310 is locally decoded to generate a reference

image.



[0231]

After the processing in step S316 ends, the encoeding
processing ends. The encoding processing is repeatedly
performed on, for example, individual CUs.

[0232]
[PCM encoding control processing]

Next, an example of the flow of the BPCM encodin
contrel processing which is performed in step S314 in Fig.

10 will be described with reference to the flowchart in Fig.

After the PCM eﬁcoding control processing starts, in
step 3331, the PCM determining unit 362 of the PCM deciding
unit 342 cbktains, from the rate conbreller 320, the amount
cf generated code of the encoded data of the quantized
crthogonal transform cosfficient of the tearget U,

(02341

In step 5332, the input data amount calculator 361
calculates the amount of input data of the input pixel
values of the target CU.

[0235]

In step 5333, the PCM determining unit 362 compares the
amount of code obtained in step 3331 with the amount of
input date calculated in step $332, and determines whether

or not enccding is to be performed using the I PCM mode.



{02361

In step $334, the I PCM flag generaton 341.genexates an
I PCM flag on the basis of an On/Cff control signal which
represents the determination result generated in step 5333
and which is supplied from the encoding controller 363,
[0237]

In step 5335, the encoding controller 363 supplies an
On/Off control signal representing the determination result
generated in step S333 to the CU encoder 332, thereby
centrolling encoding of CU data.

02381

In step S336, the adaptive shift controller 364
supplies an On/Off control signal representing the
determinaticn result generated in step S333 to the adaptive
shift-to-left unit 303, the adaptive shift-to-right unit 313,
and the adaptive shift-to-left unit 315, thereby controlling
adaptive shift processing.

[0239]

In step 5337, the encoding controller 363 supplies an
On/Cff control signal representing the determination result
generated in step S333 to the pixel sorting unit 352 of the
loop filter 312, thereby controlling adaptive loop filter
processing.

[0240]

After the processing in step S337 ends, the PCM



deciding unit 342 ends the PCM encoding control processing,
the processing returns to step 8314 in Fig. 10, and the
processing i1s performed from step $S315.

[0z41]

[Flow of PCM encoding processing]

Next, an example of the flow of the PCM encoding
processing which is performed in step 8315 in Fig., 10 will
be described with reference to the flowchart in Fig. 12.
[0242]

After the PCM encoding processing starts, in step S351,
the CU encoder 332 determines whether or not ancoding is to
be performed using the I PCM mode. In a case where control
iz performed in the above-described PCM encoding control
processing so that encoding is to be performed using the
I_PCM mode, the CU encoder 332 causes the processing to
proceed te atep 5352, In step 8352, the CU encoder 332
selects the input pixel values of the target CU as an
encoding result. The CU enceder 332 causes the CU data of
the target CU in the accumulation buffer 308 to be discarded,
and causes the input pixel values to be accumulated in the
accumulation buffer 308.

[0243]

After step S352 ends, the CU encoder 332 causes the

processing to proceed to step 8353. On the other hand, if

it is determined in step 5351 that enceding is not to be



performed using the I_PCM mode, the CU encoder 332 causes
the processing te proceed to step S$353,
(02447

In step 5353, the CU encoder 332 encodes the I_PCM flag
which has been generated in the above-described PCM encoding
control processing, and accumulates the I PCM flag in the
accumulation buffer 308.

[0245]

After step 8353 ends, the CU encoder 332 ends the PCHM
encoding processing, the processing returns to step $313 in
Fig. 10, and the processing is performed from step S316.
(02467
[Flow of reference image generation processing]

Next, an sxample of the flow of the reference image
generation processing which is performed in step 8316 in Fig.
10 will be described with reference to the flowchart in Fig.
13,

[0247]

After the reference image generation processing starts,
the adaptive shift-to-left unit 315 determines in step S$371
whether or not the I PCM mode is selected on the basis of
control performed by the adaptive shift controller 364. If
the I_PCM mode is selected, the bit depth is not increased
in internal arithmetic, and thus processing is performed

again starting from prediction processing. That is, if it



is determined that the I _PCM mode is selected, the adaptive
shift-to-left unit 315 causes the processing to proceed to
step 3372 wilthout performing shift-to-left processing on a
reference image.

[0248]

In step 85372, the intra prediction unit 317 performs
intra predicticn processing uvsing a reference image in which
the bit depth 1s not shifted to the left. In step S373, the
motion prediction/compensation unit 318 performs inter
motion prediction processing using the reference image in
which the bit depth is not shifted to the left.

[024%]

In step S374, the selector 319 decides an optimal mode
on the basis of the individual cost function values output
from the intra prediction unit 317 and the motion
prediction/compensation unit 318. That is, the selector 319
selects any cne of a prediction image generated by the intra
prediction unit 317 and a predicticn image generated by the
motion prediction/compensation unit 318.

[02501

Also, selection infeormatien indicating which of the
prediction images has been selected is supplied to, among
the intra prediction unit 317 and the motion
prediction/compensation unit 318, the one corresponding to

the selected prediction image. In a case where the



prediction image of the optimal intra prediction mode 1is
selected, the intra prediction unit 317 suppliss intra
prediction mode informaticon indicating the optimal intra
prediction mode and so forth to the lossless encoder 307.
In a case where the prediction image of the optimal inter
prediction mode is selected, the motion
prediction/comnpensation unit 318 supplies informatiocon
indicating the optimal inter prediction mode, and if
necessary, information based on the optimal inter prediction
mode, to the lossless encoeder 307, Ezxamples of the
information based on the optimal inter prediction mode
include motion wvector information, flag information, and
raference frame information.

[0251]

In a case where the I PCM mcde is selected, the bit
depth in internal arithmetic is not increased. That is,
shift~to-left processing pericrmed onn the reference image by
the adaptive shift-to-left unit 303 is skipped. In step
$375, the computing unit 304 computes the difference between
the input image in which the bit depth is not shifted teo the
left and the predicticn image selected through the
processing in step S374. The prediction image is supplied
to the computing unit 3C4 via the selector 31% from the
motion prediction/compensation unit 318 in case where

inter prediction is performed and from the intra prediction



unit 317 in a case where intra prediction is performed.
[06252]

In step 8376, the corthogonal transform unit 305
performs an orthogonal transform on the differsnce
information generated through the processing in step S375.
Specifically, an orthogonal transform such as the dizcrete
cosine transform or Karhunen-Loeve transform is performed,
and a transform coefficient is output. In step 8377, the
guantizer 306 guantizes the orthogonal transform coefficient
obtained through the processing in step S$376.

[0253]

After the orthogonal transform cecefficient has heen
quantized, the guantizer 3206 causes the procsssing to
precsed to step 3378, where a refsrence image is generated
using the orthogonal transform coefficient (data on which
shift-tc-left processing has not been performed)! quantized
in step 8§377.

[0254]

In contrast, if it is determined in step 8371 that the
I PCHM mode is not selected, the adaptive shift-to-left unit
315 skips the processing cperations in step $372 to step
§377, and causes the processing to proceed to step S378.
That is, in a cage where the I_PCM mode is not selected, a
reference image is generated using the orthogonal transform

coefficient (data on which shift~to-left processing has been



performed) guantized in step $310 in Fig. 10.
[0255]

In step 5378, the dequantirzer 30% dequantizes the
guantized crthogonal transform coefficient {also referred to
asz guantized coefficient} in accordance with the
characteristic correspending to the characteristic of the
guantizer 306. In step 8379, the inverse orthogonal
transform unit 310 performs inverse crihogonal transform on
the orthogonal transform coefficient obtained through the
processing in step 8378, in accordance with the
characteristic corresponding to the characteristic of the

rthogonal transform unit 305.
[0259]

In step 3380, the computing unit 311 adds the
prediction image to the locally decoded differsnce
information, thereby generating a locally decoded image (an
image corresponding to the input to the computing unit 304).
For example, in a case where the I _PCM mode is selected, the
computing unit 311 adds a.prediction image on which shifi-
to-left processing has not been performed to difference
information on which shift-to-left processing has not been
performed, so as to generate a decoded image on which shift-
to-left processing has not keen performed. Also, for
example, in a case where the I PCM mode is not sslected, the

computing unit 311 adds a prediction image on which shift-



to-left processing has been perfcormed to difference
information on which shift-to-left processing has been
performed, so as to generate a decoded image on which shift-
teo-left processing has been performed.

10257)

In step 5381, the loop filter 312 performs loocp filter
processing on the leocally decoded image obtalined through the
processing in step 3380 on the basis of control performed by
the filter controller 365, and performs leoop Ffilter
processing including deblocking filter processing, adaptive
loop filter processing, and so forth as appropriate.

[G258]

In step 2382, the adaptive-ghift~to-right unit 313
determines whether or not the I _PCM mode is selected, on the
basis of control performed by the adaptive shift controller
364, If it is determined that the I PCM mode i1s not
selected, the adaptive shift-to-right unit 313 causes the
processing to proceed to step 5383,

[0258]

In @& case where the I PCM mode is not selected, the
decoded image has undergone an increase in the bit depth in
internal arithmetic. Thus, in step 8383, the adaptive
shift-to-right unit 313 adaptively performs shift to right
on the bit depth of the result of filter processing (decodad

image} obtained through the loop filter processing in step
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5381. After the processing in step S383 ends, the adaptive
shift-to-right unit 313 causes the processing to proceed to
step S384.

[0260]

If it is determined in step S382 that the I PCM mode is
selected, the adaptive shift-to-right unit 313 causes the
processing to proceed to step 3384 without performing shift-
to-right processing.

[0z61]

In step 33684, the frame memory 314 stores the decoded
image. After the processing in step 38384 ends, the frame
memory 314 ends the reference image generation processing,
the processing returns to step 8316 in Fig. 10, and the
encoding processing ends.

[0262]
[Flow of loop filter processing]

Next, an example of the flow of the loop filter
processing which is performed in step 8381 in Fig. 13 will
be described with reference to the flowchart in Fig. 14.
[0263]

After the loop filter processing starts, in step $401,
the deblocking filter 351 of the loop filter 312 performs
deblocking filter processing on the decoded image (before-
deblocking-filter pixel values) supplied from the computing

unit 311.
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In step 5402z, the pixel sorting unit 352 sorts the
individual pixels of the decoded image on the basis of
whether or not the mode is the I _PCM mode, under control
performed by the filter coniroller 36% of the PCM deciding
unit 342,

[0265]

In step 8403, the filter coefficient calculator 353
calculates a filter coefficient for the pixels which have
been sorted to undergo filter processing (target pixels to
be processed;. In step 5404, the filtering unit 354
performs adaptive filter processing on the target pixels to
be processed, using the filter ceoefficient calculated in
stap S403.

[02&8]

In step 5405, the filtering unit 354 sets an adaptive
filter flag for the target block to ke processed, and
supplies the adaptive filter flag and the filter ccocefficient
to the CU encoder 332, so that the adaptive filter flag and
the filter ccefficient are encoded.

10267

After the processing in step S40% ends, the loop filter
312 ends the loop filter processing, the processing returns
toe step 5381 in Fig. 13, and the processing is performed

from step 5382,



[0268]

By performing the individual processing operations in
the above-described manner, the image encoding apparatus 300
is capable of enhancing encoding efficieﬁcy while
suppressing a decease in the afficiency of encoding
processing.

(02697
<Z2. Second embodiment>
[Image decoding apparatus]

Fig. 15 is a block diagram illustrating a main example
configuration of an image decoding apparatus. The imagse
decoding apparatus 300 illustrated in Fig. 15 is an
apparatus which is basically similar to the image decoding
apparatus 200 illustrated in Fig. 2, and decodes encoded
data which is generated by encoding image data.

102703

The image decoding apparatus 500 illustrated in Fig. 15
is a decoding apparatus correspoending Lo the image encoding
apparatus 300 illustrated in Fig. 7. Encoded data which has
been encoded by the image encoding apparatus 300 is supplied
0 the image decoding apparatus 500 via an arbitrary path,
for example, & transmission channel, a recording medium, or
the like, and is deccded.

[0271]

As illustrated in Fig. 15, the image deccding apparatus



500 includes an accumulation buffer 501, a lossless decoder
502, a dequantirzer 503, an inverse orthogonal transform unit
504, a computing unit 505, a loop filter 306, an adaptive
shift-to-right unit 5307, a screen rearrangement buffer 5908,
and a D/A cenverter 509. Also, the image decoding apparatus
530 includes a frame memory 510, an adaptive shift-to-left
unit 511, a selactor 512, an intra prediction unit 513, a
motion prediction/compensation unit 514, and a selector 515.
02721

The image decoding apparatus 500 further includes a PCM
decoder 516.

[0273]

The accumulation buffer 501 accumulates encoded data
transmitted thereto, as in the case of the accumulation
buffer 201. The encoded data has been encoded by the image
encoding apparatus 300.

[0274]

The lossless deccder 502 reads out encoded data from
the accumulation buffer 501 at a certain timing, and decodes
the encoded data using a format corresponding to the coding
format used by the lossless enceder 307 illustrated in Fig.
15, At this time, the lossless decoder 502 supplies the
I PCM flag included in the sncoded data to the PCM decoder
51¢, and causes the PCM decoder 516 to determine whether or

not the mode is the I_PCM mode (non-compression mode).



(0275}

In a case where the mode is the I PCM mode, the CU data
cbtained from the accumulation buffer 501 is non-encoded
data. Thus, the lossless decoder 502 supplies the CU data
to the deguantizer 303 in accordance with control performed
by the PCM decoder 516.

(0276}

In & case where the mede i1s not the I _PCM mode, the CU
data cobtained from the accumulation buffer 501 is encoded
data. Thus, the lossless decocder 502 decocdes the CU data in
accordance with control performed by the PCM decoder 3186,
and supplies a decoding result to the deguantizer 503.
[0277]

Note that, for example, in a case where the target CU
has been intra-~ceded, intra prediction mode information is
stored in the header portion of the encoded data. The
lossless decoder 502 also decodes the intra prediction mede
information, and suppliss the informaticn to the intra
prediction unit 313. On the other hand, in a case where the
target CU has been inter-coded, motion vector information
and inter prediction mode information are stored in the
header portion of the encoded data. The lossless decoder
502 also decodes the motion vector information and the inter
prediction mode informatlon, and supplies the information to

the motion prediction/compensation unit 514.



[0278]

In a case where the mode is not the I PCM mode, the
dequantizer 503 degquantizes the coefficient data (gquantized
coefficient) supplied from the lossless decoder 5302 using a
method corresponding to the guantization method used by the
guantizer 306 illustrated in Fig. 7, as in the case of the
deguantizer 203. That is, the dequantizer 503 deguantizes
the quantized coefficient using a method similar to that
used by the dequantizer 209 illustrated in Fig. 7. The
dequantizer 303 supplies the dequantized coefficient data,
that is, the orthogonal transform coefficient, to the
inverse orthogonal transform unit 504.

[02749]

Also, in a case where the mode 1s the I PCM mode, the
deguantizer 503 supplies the CU data supplied from the
lossless decoder 502 (image data which is not enceded) to
the inverse orthogonal transfcrm unit 504.

[0280]

In & case where the mode is not the I_PCM mode, the
inverse orthogonal transform unit 504 performs inverse
orthogonal transform on the orthogonal transform cocefficient
using & method corresponding to the corthogonal transform
maethod used by the orthogonal transform unit 305 illustrated
in Fig. 7 {a method similar to that used by the inverse

orthegonal transform unit 310 illustrated in Fig. 7), as in



the case of the inverse orthegeonal transform unit 204. With
the inverse ortheogonal transform processing, the inverse
orthogeonal transform unit 504 chtains decoded residual data
corresponding to the residual data before orthogonal
transform is performed in the image encoding apparatus 300.
For axample, fourth-order invexrse orthegonal transform 1s
performed. The inverse. corthogonal transform unit 504
supplies the decoded residual data obtained through inverse
orthegonal transform to the computing unit 505.

[0281]

Alsc, in a case where the mode is the I PCM mode, the
inverse orthogeonal transform unit 504 supplies the CU data
supplied from the deguantizer 503 (image data which is not
gncoded) to the computing unit 505.

(o227

Blso, a prediction image is supplied to the computing
unit 505 from the intra prediction unit 513 or the moticn
prediction/compensation unit 514 via the selector 5ib5,
[0283]

In a case where the mode is not the I PCM mode, the
computing unit 505 adds the decoded residual data and the
prediction image, and thereby cobtains decoded image data
corrasponding te the image data before the prediction image
is subtracted by the computing unit 304 of the image

encoding apparatus 200, as in the case of the computing unit



205. The computing unit 505 supplies the deccded image data
to the loop filter 506.
(0284]

In a case where the mode is the I PCM mode, the
computing unit 505 supplies the LU data supplied from the
inverse orthogonal transform unit 504 (image data which is
not encoded) toe the loop filter 506. In this case, the CU
data is not residual information, and thus addition to the
predicticn image is not necessary.

[0285]

The loop filter 506 performs loop filter processing
including deblocking filter processing, adaptive loop filter
processing, or the like, on the deccoded image supplied from
the computing unit 505 as appropriate, under control
performed by the PCM decoder 516.
f02863

More specifically, the loop filter 506 performs
deblocking filter processing similar to that performed by
the deblocking filter 206 on the deccded image, thereby
removing & block distortion of the decoded image. Alseo, the
loop filter 506 performs loop filter processing using a
Wiener filter on the result of the deblocking filter
processing {decoded image from which a block distertion has
been removed) in accordance with control performed by the

PCM deccder 516, thereby improving image guality.



102871

Blternatively, the lop filter 506 may perform arbitrary
filter processing on the decoded image. Alternatively, the
loop filter 506 may perform filter processing by using the
filter ceefficient supplied from the image encoding
apparatus 300 illustrated in Fig. 7.
rozg8l

The loop filter 506 supplies the result of filter
processing (the decoded image on which filter processing has
been performed) to the adaptive shift-fo-right unit 507.
rozee]

The adaptive shift~to-right unit 507 is a processing
unit similar to the adaptive shift-to-right unit 313 (Fig.
7y, and is controlled by the PCM decoder 516, In a case
where the mode is not the T _PCM meode, the adaptive shift-to-
right unit 507 shifts the decoded image data supplied from
the loop filter 506 in the right direction, so as to reduce
the bit depth by a certain number of bits (for example, 4
bits), for example, the bit depth is decreased from 12 bifs
to 8 bits. That is, the adaptive shift-to-right unit 507
shifts the decoded image data to the right by the number of
bits by which the image data has been shifted to the left in
the image encoding apparatus 300, so as to change the bit
depth of the image data To the state where shift to the leilt

has not been performed (the state at the time when the image



data is read out from the screen rearrangement buffer 302
(Fig. T)}).
foze0]

The adaptive shift-to-right unit 507 supplies the image
data on which shift~-to-right processing has been performed
to the screen rearrangement buffer 508 and the frame memory
510.

(0291}

Note that the amocunt of shift te the right (the amount
of bits) is not specified as long as ths amount is the szame
as the amount of shift to the left in the image encoding
apparatus 300 (adaptive shift-to-left unit 303}. That is,
the amount may be fixed or varlable. For example, the
amount ©f shift may be predetermined (shared in advance
between the image enccoding apparatus 300 and the image
decoding apparatus 200}, or the image decoding apparatus 500
may be allowed to calculate the amount of shift in the image
encoding apparatus 300, or information indicating the amount
of shift may be preovided from the image encoding apparatus
300.

[0282]

Alternatively, the shift-to~right processing may be
skipped in accordance with control performed by the PCM
deconder 516. For example, in the case ¢f the I_PCM mode,

image data does not undergoe shift-to-left processing in the



image encoding apparatus 300. Therefore, in this case, the
adeptive shift-to-right unit 307 is controlled by the PCM
decoder 51&, and supplies the deccded image data supplied
from the loop filter 306 to the screen rearrangement buffer
508 and the frame memory 510 without shifting the decoded
image data in the right direction.

[0293]

The screen rearrangement buffer 508 rearranges images,
as in the case of the screen rearrangement buffer 207. That
is, the frames which have been rearranged in an encoding
order by the screen rearrangement buffer 307 illustrated in
Fig. 7 are rearranged in the original display order. The
screen rearrangement buffer 508 supplies the decoded image
data of individual frames toc the D/A converter 509 in the
original display order.

[0294]

The D/A converter 509 D/A-converts the frame images
supplied from the screen rearrangement buffer 508, and
cutputs the frame images to a display (not illustrated) so
that the frame Images are displaved, as in the case of the
D/A convertor 208.

[0295]

The frame memory 510 stores the decoded‘image supplied

from the adaptive shift-tco-right unit 507, and supplies the

stored decoded imags as a reference image %o the adaptive



shift-to~left unit 311 at a certain timing.
[0296]

The adaptive shift-to-left unit 51l is a processing
unit similar to the adaptive shift-to-left unit 315, is
contrelled by the PCM decoder 516, shifts the image data
{reference image} read out from the frame memory 510 in the
left direction as appropriate, and increases the bit depth
thereof by a certain number of bits (for example, 4 bits).
[0297]

For example, in a case where the mode is not the I PCM
mode, the decoded image data supplied from the inverse
orthogenal transform unit 504 to the computing unit 505 is
image data which has been shifted to the left in the image
encoding apparatus 300 (for example, the bit depth is 12
bits}. Thus, the adaptive shift-to-left unit 511 increases
the bit depth of the reference image which has bsen read out
from the frame memory 510 by a certailn number of hits (for
example, increases the bit depth from 8 bits to 12 bhits) in
accordance with control performed by the PCM decoder 516.
[0258]

Then, the adaptive shift-to-left unit 511 supplies the
image data on which shift-to-left processing has been
performed te the selector 512, As a result of increasing
the kit depth in this way, the bit depth of the reference

image can be made the same as the bit depth of the decodad
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image, so that the reference image can be added to the
decoded image. Alsc, the accuracy of internal arithmetic
such as prediction processing can be increased, and errors
can be suppressed.

[0299]

Cn the other hand, for exampie, in a case where the
mode is the I_PCM mode, the decoded image data supplied from
the inverse orthogonal transform unit 504 To the computing
unit 505 is imade data on which shift-to-left processing has
not been performed in the image encoding apparatus 300 (for
example, the bit depth is 8 hits). Thus, the adaptive
shift-to~left unit 511 supplies the reference image read out
from the frams memory 510 to the selector 512 without
increasing the bit depth in accordance with control
prerformed by the PCM decoder 156.

[0300]

In the case of intra predicticn, the selector 517
supplies the reference image supplied from the adaptive
shift-to-left unit 511 to the intra prediction unit 513. On
the other hand, in the case cof inter predicticn, the
selector 512 supplies the reference image supplied from the
adaptive shift-to~left unit 511 te the motion
prediction/compensation unit 514.

(03011

The intra prediction unit 513 is supplied with
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information indicating the intra prediction mode, which has
been obtained by decoding header information, and so forth
from the lossless decoder 502 as appropriate. The intra
prediction unit 313 performs intra prediction using the
reference image obtained from the frame memory 510 using the
intra prediction mode used by the intra prediction unit 317,
and generates a prediction image. That is, the intra
prediction unit 513 is also capable of performing intra
prediction using an arbitrary mode cther than the modes
defined in the AVC coding format, like the intra prediction
unit 317,
[0302]

The intra predicticn unit 513 supplies the generated
prediction image to the selsctor 515,
(03031

The motion prediction/compensation unit 514 is supplied
with Information obtained by decoding header information
(predicticn mede information, motion vector information,
reference frame information, flag, various parameters, etc.)
from the lossless decoder 502.
[0304]

The motion prediction/compensation unit 514 performs
inter prediction using the reference image obtained from the
frame memory 510 using the inter prediction mode used by the

motion prediction/compensation unit 318, thereby generating
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a prediction image. That is, the motion
prediction/compensation unit 514 is also capsable of
performing intra prediction using an arbitrary mode other
than the modes defined in the AVC coding format, like the
motion prediction/compensation unit 318.

[0305]

The motion prediction/compensation unit 514 supplies.
the generated prediction image to the selector 315.

[G306]

The selector 515 selects the prediction image generated
by the motion prediction/compensation unit 514 or the intra
prediction unit 513, and suppliles the prediction image to
the computing unit 505, as in the case of the selector 2123,
[0367]

The PCM decoder 516 controls the lessless decoder 502,
the lcop filter 506, the adaptive shift-te-right unit 507,
and the adaptive shift-tc~left unit 511 on the basis of the
I PCM flag supplied from the lossless decoder 502.

[0308]
[Lossless deccder, PCM decoder, and loop filter]

Fig. 16 is a klock diagram illustrating a main example
configuration of the lossless decoder 502, the PCM decoder
516, and the lcep filter 506 illustrated in Fig. 15.

(03097

As illustrated in Fig. 16, the lossless decoder 502
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includes a NAL decoder 531 and a CU decoder 532. The NAL
decoder 531 decodes enceded NAL data supplied from the
aceoumulation buffer 501, and supplies the decoded WAL data
te the CU decoder 532.

[0310]

The CU decoder 532 decodes encoded CU data which is
supplied from the accumulation buffer 501, on the basis of
the NAL data supplied from the NAL decoder 531.

(0311}

Also, upon cobtaining an I PCM flag by decoding the CU
data, the CU decoder 532 supplies the I PCM flag to the PCM
decoder 516. The CU deccder 532 decodes the encoded CU data
in accordance with control performed by the PCM decoder 1556
vased on the I PCM flag (on the basis of an On/Qff control
signal supplied from the PCM encoder 321%).

[0312]

For example, in a case where the I PCM flag has a value
indicating that the meode is not the I PCM mode, and where a
centrel signal representing "On" is obtained from the PCOM
decoder 516, the CU decoder 532 decodes the encoded CU datra
supplied from the accumulation buffer 301 on the basis of
the NAL data supplied from the NAL decoder 531, and supplies
a guantized orthegonal transform coefficient to the
deguantizer 503,

[0313]



On the other hand, in a case where the I PCM flag has a
value indicating that the mode is the I_PCM mode, and where
a control signal representing "Off" is obtained from the PCM
decoder 516, the CU decoder 532 supplies the CU data
gsupplied from the accumulation buffer 501 (image data which
is not sncoded) to the deguantizer 503,

[0314]

Note that the CU decoder 532 supplies information
chtained by decoding the CU data, such as a filter
coefficient and an adaptive filter flag, to the loop filter
506.

[0315]

Ay illustrated in Fig. 8, the PCM deccder 5186 includes
an I_PCM flag buffer 541 and a PCM controller 542,

[0318]

The I_PCM flag buffer 541 stores the I _PCM flag
supplied from the CU deccder 532 of the lossless decoder 502,
and supplies the I PCM flag to the PCM centroller 547 at a
certain timing.

F0317]

The PCM controller 542 determines whether or not the
I_PCM mode was selected at the time of encoding in the image
encoding apparatus 308, on the basis of the wvalue of the
I_PCM flag obtained from the I_PCM flag buffer 541, On the

hasis of the determination result, the PCM controller 542
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supplies an On/0Off control signal to the CU deccder 532, and
controls the operation theresof.
[0318;

For example, in a case where it is determined that the
I PCM mode was not selected, the PCM controller 542 supplies
a control signal representing "On" to the CU decoder 532,
causes the CU decoder 532 to decocde the encoded CU data, and
causes the CU decoder 532 to supply a guantized orthogonal
transform coefficient cobtained through the deceding to the
dequantizer 503.

[0319]

On the other hand, for example, in a case where it is
determined that the I PCM mode was selected, the PCM
controller 542 supplies a control signal representing "OFFY
to the CU decoder 532, and causes the CU decoder 532 to
supply CU data, which is non-encoded data, to the
dequantizer 503 as output pixel values.

[0320]

With the above-described controel, the CU decoder 532 is
capable of appropriately decoding encodsed data supplied from
the image enccding apparatus 300. That is, the CU deccder
532 15 capable of decocding encoded data more appropriately
geven 1f whether or not the mode is the I PCM mode is
controlled in units of CUs, which are smaller than LCUs.

[0321]
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iso, the PCM controller 542 supplies an On/Off control
signal to the adaptive shift~te-right unit 307 and the
adaptive shift-to~left unit 511 on the basis of the
determination result about the I PCM mode, and controls the
operacion thersck.
[0322]

For example, in a casé where it 1s determined that the
I_PCM mode was not seiectedq the PCM controller 542 supplies
a cgontrol signal representing "On" to the adaptive shift-to-
right unit 507 and the adapiive shift-to-left unit 511, and
cauges shift-to-left processing and shift-to-right
processing to be performed, so that the bit precision in
internal processing is increased.

[0323]

On the other hand, in & case where it is determined
that the I PCM mode was selected, the PCM controller 542
supplies a control signzal representing "OFfL"™ to the adaptive
shift-to-right unit 507 and the adaptive shift-to-left unit
511, and causes shift-to-left processing and shift-to-right
processing to be skipped, so that the bit precision in
internal processing i1s not increased.

[0324]

With the above-described control, the PCM controller

542 1is capable of appropriately eliminating redundant

processing even i1f whether or not the mode is the I_PCM mode
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is controlled in units of CUs, which are smaller than LCUs.
[0325]

Furthermore, the PCM contrcller 542 suppliss an On/OfE
contreol signal to the loop filter 5306 on the basis of the
determination result aboﬁt the I PCM mede, and controls the
operation therecf. For example, in a case where 1t is
cetermined that the I PCM mode was not selected, the PCH.
centroller 542 supplies a control signal representing "On”
to the lcop filter 506. ©On the other hand, for example, in
a case where it is determined that the I _PCM mode was
selected, the PCM controllier 542 supplies a contrel signal
rapresenting "Cff" to the loop filter 506.

(03267

With the above~described control, the PCM controller
542 is capable of eliminating redundant processing more
appropriately even 1f whether or not the mode is the I PCM
mode is controlled in units of CUs, which are smaller than
LCUs.

[0327]

As illustrated in Flig. 8, the lcep fiilter 506 includes
a deblocking filter 551, a pixel scrting unit 532, and a
filtering unit HE3.

[0328]

(8]

The deblocking filter 551 performs deblocking filter

processing on the deccded image supplied from the computing
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unit 505 (before-deblocking~filter pixel values), thereby
removing a block distortion, as in the case of the
deblocking filter 206,

[0329]

As in the case of the image encoding apparatus 300,
deblocking filter processing is performed regardless of
whetherx or not the mode for the target CU is the I PCM mode.
The deblocking filter 551 supplies the result of filterx
processing (after-deblocking-filter pixel wvaluss) to the
pixel sorting unit 552,

[0330]

In accordance with the value of the On/CGEEf control
signal supplied from the PCM controller 542, the pixel
gorting unit 552 sorts individual results of filter
processing {after-deblocking~filter pixel values) as pixel
values on which adaptive loop filter processing is to be
performed and pixel wvalues on which adaptive loop filter
processing i1s not to be performed.

[0331]

For example, in & case where a control signal
representing "On® is supplied from the PCM controller 542,
the pixel sorting unit 552 sorts the after-deblocking-filter
pixel values of the CU as pixel values on which adaptive
locop filter processing is te be performed. In contrast, for

example, in a2 case where a control signal representing "OfLY
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- is supplied from the PCM controller 542, the pixel sorting
unit 552 sorts the after-deblocking~filter pixel values of
the CU as pixel values on which adaptive loop filter
processing i1s not to he performed.

[0332]

The pixel sorting unit 552 supplies the sorted pixel
values of individual pixels {after-deblocking-filter pixel
values) to the filtering unit 553.

[0333]

The filtering unit 553 performs adaptive loop filter
processing on the pixel values which have been sorted as
pixel walues on which adaptive lcop £ilter processing is to
be performed, on the basis of the adaptive lcop filter flag
supplied from the CU deccder 532.

[0334]

Adaptive loop filter processing is performed in units
of certain blocks which are set independently of LUs. In &
case where the value of the adaptive lcop fillter flag of the
target block is a value indicating that filter processing
has not been performed on the encoding side {for example,
"0"), the filtering unit 553 skips adaptive loop filter
processing for the target block, and suppilies the after-
deblocking-filter pixel values supplied therete to the
adaptive ghift-te-right unit 507 as after-adaptive-filter

mixel values.



[0335]

By the way, the method for setting an adaptive loop
filter flag depends cn the specification and so Forth of the
image enceding apparatus 300. Thus, depending on the method
for setting an adaptive loop filter flag by the image
encoding apparatus 300, even if the value of the adaptive
loop filter flag of the target block is a value indicating
that filter processing has been performed on the encoding
side (for example, "1"), there i1s a possibility that a pixzel
of the I_PCM mode is included in the target block.

(03361

Thus, in a case where there 1s a pixel value which has

been sorted as a pixel value on which adaptive loeop Filter

processing is not to be performed in the target block, the

Hy

iltering unit 553 skips adaptive loop filter processing for
the target block even 1f the value of the adaptive loop
filter flag of the target block is a value indicating that
filter processing has been performed on the encoding side
(for example, "1"), and supplies the after-deblocking-filter
pixel values supplied thereto to the adaptive shift-to-right
unit 507 as after-adaptive-filter pixel values.
[03373}

That is, the filtering unit 553 performs adaptive loop
filter processing on the target block only in a case where

the value of the adaptive loop filter flag of the target
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block i1s a value indicating that filter processing has been
performed on the encoding side {for example, "1"} and where
all the pixels in the target block have been scrted as
pixels on which adaptive lcocop filter processing is to be
performed.

[0338]

Note that, in the case of performing adaptive loop
filter processing, the filtering unit 553 performs adaptive
loop filtexr preocessing using the filter coefficient supplied
from the CU decoder 32 (the filter coefficient used in the
adaptive loop filter processing on the encoding side).
[6339]

The filtering unit 553 supplies the pixel values on
wnich adaptive loop filter processing has been performed to
the adapitive shift-to-right unit 587 as after-adaptive-
filter pixel values,

{03407

With the above-described control, the PCM contrcoller
542 1s capable of appropriately eliminating redundant
processing even if whether or not the mode is the I _PCM mode
{non~compression mode} is controlled in units of CUs, which
are smaller than LCUs.

[0341]
As described above, with the processing operations

performed by the individual precessing units, the image
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decoding apparatus 500 is capable of realizing enhanced
encoding efficiency while suppressing a decrease in the
efficiency of encoding processing.

(03423

[Flow of decoding processing]

Next, the flow of individual processing operations
performed by the above-described image decoding apparatus
500 will be described. First, an example of the flow of
decoding processing will be described with referesnce to the
flowcharts in Fig. 17 and Fig. 18.

[0343]

After decoding procsssing starts, in step 8501, the
accumulatiocn buffer 501 accumulatss an image (encodsad data)
transmitted thereto. In step 3$50Z, the CU decoder 532
obtains an adaptive filter flag from the enccded data
accumalated in step 35C1. In step 8503, the CU decoder 532
obtains an I _PCM flag from the encoded data accumulated in
step 5501. The I PCM_flag buffer 541 stores the I_PCM flag.
{0344)

In step 8504, the PCM controller 542 determines whether
or not the encoding mode of the encoeded data (CU data)
accumulated in step S501 is the I PCM mode (that is, non-
encoded data), on the basis of the value of the I _PCM flag
stored in the I_PCM_ flag buffer 3541,

[0345]



If it is determined that the encoeding mede is not the
I_PCM mode, the PCM controller 542 causes the processing o
proceed to step 5505, In step 3305, the lossless descoder
502 performs lossless deccding processing, decodes the
encoded data (CU data) accumulated in step 8501, and obtains
a guantized orthogonal trensform coefficient, filter
coefficient, and so forth.

[0346]

In step 8506, the dequantizer 503 dequantizes the
gquantized orthogonal transform coefficient, which is
obtained through the processing in step S$505. In step $507,
the inverse orthogonal transform unit 504 performs inverse
orthogonal transform on the orthogonal iransform coefficient
which is deguantized through the processing in step $506,
and generates decoded ilmage data,

[0347]

In step 3508, the adaptive shift-to-left unit 513
obtains the reference image corresponding to the target CU
from the frame memory 510, and performs shift-to-left
preocessing on the reference ilmags in accordance with control
performed by the PCM decoder 516.

(03481

In step 550%, the intra prediction unit 513 or the

metion prediction/compensaticn unit 514 performs prediction

processing using the reference image on which shift-to-left
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processing is performed in step $308, thereby generating a
prediction image.
(0349

In =step 5510, the computing unit 505 adds the
prediction image generated by the intra prediction unit 513
or the motion prediction/compensation unit 514 in step 8509,
to the difference information obtained through the
processing in step S507.

[0350]

In gtep 5511, the lcop filter 506 performs loop filter
processing on the addition result obtained in step $510.
[G351]

In step 5512, the adaptive shift-to-right unit 507
performs shift-to-right processing on the result of loop
filter processing obtained in step S511, in accordance with
control performed by the PCM decoder 516,

(03523

In step 8513, the frame memory 510 stores the decoded
image data ag a reference image.
[0353]

In step 5514, the screen rearrangement buffer 508
rearranges the frames of the decoded lmage data. That is,
the frames of the decoded image data which have been
rearranged in an encoding order by the screen rearrangement

buffer 302 (Fig. 7) of the image encoding apparatus 300 are
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rearranéed in the original display order.
[0354]

In step 5515, the D/A converter 50% D/A-converts the
decoded image data in which the frames are rearranged in
step S514. The decoded image data is output to a display
{not illustrated) and the image therecf is displavead.

[0355]

Also, if 1t is determined in astep 8504 that the
encoding mode is the I_PCM mode, the PCM controller 542
causes the processing to proceed to step 5521 in Fig. 18.
In step 5521, the lossless decoder 50Z performs lossless
decoding processing, and regards the encoded data (non-
compressed data) accumulated in step 8501 az an encoding
result {output pixel values).

[0354]

In step 8522, the locp filter 506 performs loop filter
processing on the output pixel values cobhtainad in step S521.
After the processing in step $522 ends, the loop filter 506
returns the preocessing to step S513 in Fig. 17, so that the
subseguent step is performed.

[0357]
[Flow of loop filter processing]

Next, an example 0f the flow of the loop filter
processing which is performed in step 8511 in Flg. 17 and

step 8522 in Fig. 18 will be described with reference to the
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o

flowchart in Fig. 18.
[0358]

After the loop filter processing starts, in step 8541,
the deblocking filter 551 performs deblocking filter
processing on the before-deblocking-filter pixel values
which are chtained in step 35510 or step $52L.

[0359]

In step 85542, the filtering unit 553 obtains a filter
coefficient., In step 8543, the pixel sorting unit 552
determines whether or not adaptive loop filtering is to be
performed, on the basis of the value of the adaptive loop
filter flag., In a case where it is determined that adaptive
locp filter processing is to be performed, the pixel sorting
unit 552 causes the processing to proceed to step 5544,
[0360]

In step S$544, the pixel sorting unit 552 sorts the
after~deblocking~filter pixel values 1n accordance with
whether or not the mede is the I PCM mode, in accordance
with control performed by the PCHM controller 542.

(03611}

In step §$545, the filtering unit 345 performs adaptive

loop filter processing on the after-deblocking-filter pixel

values which have been scorted toc undergo adaptive loop

th

ilter processing, by using the filter ccoefficient cbtailned

in step 85342, After the processing in step 5545 ends, the



filtering unit 545 ends the loop filter processing, the
processing returns to step 8511 in Fig. 17 or step 8522 in
Fig. 18, and the processing proceeds to step 8512 in Fig. 17
or step 8513 in Fig. 17.

[0362}

If it is determined in step $343 in Fig. 19 that
adaptive loop filter processing is not to be performed, the
pixel sorting unit 352 ends the loop f£ilter processing, the
processing returns to step 3511 in Flg. 17 or step 3522 in
fig. 18, and the processing proceeds to step 8512 in Fig. 17
cr step 5513 in Fig. 17.

[03631

Az a result of performing the individual processing
operations in the above-described manner, the image decoding
apparatus 500 is capable of realizing enhanced encoding
efficiency while suppressing a decrease in the efficiency of
encoding processing.

[0364]
[Pesition of I _PCM information]

As described above, selection control of the I PCM mode
can be performed in units of CUs, sco that encoding using the
I_PCM mode can be periormed on only scme of CUs in an LCU,
as illustrated in part A of Fig. 20, for example. Part A of
Fig. 20 illustrates the structure of CUs in one LCU. The

LCU illustrated in part A of Fig. 20 is constituted by seven
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CUs, that is, CUO to CU6. The individual numerals indicate
the processing order in the LCU. In the example illustrated
in part A of Fig. 28, the shaded CUs (CUL, CU3, and CU&) are
Lo be encoded using the I PCM mode.

[0365]

In this case, as illustrated in part B of Flg. 20,

I PCM information, which is information regarding I PCM
inside the LCU, may be added at the top of the data of LCU
in a ceode stream.

(0366}

The I PCM information includes, for example, flag
information indicating whether or not the LCU includss a CU
which is to be encoded using the I _PCM mode, In the case of
the example illustrated in ¥Pig. 20, CUl, CU3, and CU& are
CUs to be encoded using the I PCM mode, and thus the flag
information is set teo be a value indicating that the LCU
includes & CU which is to be enceded using the I PCM mode
{for examples, "1M"}.

[03867]

In this way, the image enccding apparatus 200 adds
information about I _PCM inside the LCU at the top of thes LCU,
and thereby the image decoding apparatus 500 is capable of
easlily determining whether or not the LCU includes a CU
which is to be encoded using the I PCM mode, before decoding

the LCU.
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[0368]

Also, the T _PCHM information includes, for example,
information indicating a CU which is to be encoded using the
I_PCM mode included in the LCU. In the case of the example
illustrated in Fig. 20, CUl, CU3, and CU6é are CUs which are
to be encoded using the I PCM mode, and thus the I PCM
information includes information indicating these CUs (CUL,
CU3, and CU6).

0368}

In this way, the imsage encoding apparatus 300 adds
information about I PCM inside ﬁhe LLCU at the top of the LCYU,
and thereby the image decoding apparatus 500 is capable of
easily determining which CU in the LCU has been encoded
using the I _PCM mode {non-compression mode)}, before decoding
the LCU.

[0370]

Neote that, in the description gilven above, pleces of
information other than image data, such as an I_FCM flag, an
adaptive filter flag, a filter ceoefficient, and I_PCM
informaticn, are provided from the image encoding apparatus
300 to the image decoding apparatus 500 as necessary, but
these pieces of information may be added at an arbitrary
position ¢of encoded data. For example, the piesces of
information may be added at the top of a CU or LCU, or may

be added to a slice headsar, or may be stored in a sseguence



parameter set {SPS}, a picture parameter set (PP3}, or the
like. Alternatively, for example, the pieces of information
may be steored in a parameter set (for example, a header of a
saguence or picture} of an SEI (Supplemental Enhancement
Information) or the like.

0371}

Furthermore, the pieces of information may be
transmitted to the decoding side separately from encoded
data. In that case, it is necessary to clarify f{allow the
decoding side to determine} the correspondence between the
pieces of information and encoded data, but the method
therefor is not specified. ¥For example, table information
indiceting the correspondence may be separately created, or
link information indicating the other side may be embedded
in the data of sach side.

(03%2]

Alternatively, the pieces of information may be shared
in advance by the image encoding apparatus 300 and the image
dececding apparatus 580. In thalt case, transmission of the
pieces of information may be omitted.

(03731
<3, Third embodiment>
[Personal computer]
The above-described series of processing operations may

be executed by hardware or may be executed by software. In
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this case, for example, the hardware or software may be
constituted as the personal computer illustrated in Fig. 21.
[C374]

In Fig. 21, a CPU (Central Processing Unit} 601 of a
parsonal computer 600 exgcutes various processing operations
in accordance with a program stored in a ROM (Read Only
Memory} 602 or a preogram loaded from a storage unit 613 to a
RAM (Random Access Memory) 503. Also, data which is
necegsary for the CPU &0l to execute various processing
operations is stored in the RAM 403 as appropriate.

[0375]

The CPU 601, the ROM 602, and the RAM 603 are connected
to one another via a bus €04. Alse, an input/output
intaerface 610 1s connected to the bus §04.

[0376]

An input unit 611 including a kevboard, a mouse, or the
iike; an output unit 612 including 2 display such as a CRT
{Cathcede Ray Tube) or an LCD (Liguid Crystal Display), and =a
speaker or the like; the storage unit 613 including a hazd
disk or the like; and a communication unit 614 including a
modem or the like are connected to the input/output
interface 610. The communication unit 614 pexforms
communicaticn processing via a network, including the
Internet.

(G377



Alse, a drive 615 is connected to the input/output
interface 610 as necessary, a removable medium 521 such as a
magnetic disk, an gptical disc, a magneto-optical disc, or a
semiconductor memory is loaded thereto as appropriate, and a
computer program read out therefrom is installed in the
storage unit 613 as necessary.

[6378]

In the case of causing software to execute the above-
described series of processing operations, a program
constituting the software is installed via a network or a
recording medium.

[0378%]

The recording medium is constituted by, for example, as
iilustrated in Fig. 21, the removable medium 621 which is
provided separately from the main body of the apparatus to
distribute a program to a user, which contains the program
recorded thereon, and which is constituted by a magnetic
disk {including a flexible disk), an optical disc (including
a CD~ROM [(Compact Disc-Read Only Memory) and a DVD (Digital
Versatile Disc)), & magneto-optical disc (inciuding an MD
{(Mini Disc)), or & semiconductor memory. Alternatively, the
recording medium is constituted by the ROM 602 containing
the program reccrded thereon or a hard disk inciuded in the
storage unit 613, which is provided to a user in the state

of being incorporated in the main body of the apparatus in
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advance.
[0380]

The program executed by the computer may bs a program
in which processing operations are performed in time series
in accordance with the order described in this descripticn,
cor may be a program in which processing operations are
rerformed in parallel or at necessary timings, for example,
when the preocessing operations are called.

[03el]

Also, in this description, the steps describing a
program recorded on a recording medium may be processing
operations which are performed in time series in accordance
with the described orxder, or may be processing operations
which are executed in parallel or individually.

[0382]

Also, 1in this description, a "system" is an entire
apparatus constituted by a plurality of devices.
[0383]

Also, the cenfiguration described above as a single
device {or processing unit} may be divided into & plurality
of devices {or processing units). In contrast, the
configuration described above as & plurality of devices {or
processing units) may be combined into a single device ({ox
processing unit}. Alsc, a configuration other than that

described above may of course be added to the confilguration



of the individual devices {(or processing units).
Furthermore, as long as the configuration and operation of
the entirs system are substantially the same, part of the
configuration of a certain davice {or processing unit) may
be included in the configuration of another device (or
another processing unit). That is, the embodiments of the
present technology are.not limited to the above-described
embodiments, and various modifications can be made without
deviating from the gist ¢f the present technology.

[0384]

For example, each of the lossless encoder 307, the loop
filter 312, and the PCM encoder 321 illustrated in Fig. 8
may be configured as an independent device. Alsc, each of
the NAL encoder 331, the CU enceder 332, the I_PCM flag

generator 341, the PCM deciding unit 342, the deblocking

h

filter 351, the pixel sorting unit 352, the filter

b

coefficient calculator 353, and the filtering unit 354

illustrated in Fig. 8 may be configured as an independent

(03851

Furthermore, each of the input data amount calculateor
361, the PCM determining unit 362, the encoding centroller
363, the adaptive shift contrecller 364, and the filter
controller illustrated in Fig. 9 may be configured as an

independent device.
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(03881}

Alternatively, these processing units may be
arbitrarily combined together to constitute an independent
device. Of course, these progessing units may be combined
with an arbitrary processing unit illustrated in Fig. 7 to
Fig. 8, or may be combined with & processing unit which is
not illustrated.

(03873

This i1s the same in the image decoding apparatus 500.
For example, each of the lossless deceder 502, the loop
filter 506, and the PCM decoder 516 illustrated in Fig. 15
may be configured as an independent device, Also, each of
the NAL decoder 5321, the CU decoder 537, the I _PCM flag
buffer 541, the BCM controller 542, the deblocking filter
551, the pixel sorting unit 552, and the filtering unit 553
illustrated in Fig. 16 may be configured as an independent
device.

[0388)

Furthermcre, these processing units may be arbitrarily
combined together to constitute an independent davice. OF
course, these processing units.may be combined with an
arbitrary precessing unit illustrated in Fig. 15 and Fig. 16,
or may be combined with a processing unit which is not
illustrated.

{03891
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Alsco, for example, the above-described image encoding
apparatus and image decoding apparatus can be applied to an
arbltrary electronic apparatusg. Hereinafter, examples
thereof will be described.

{63801
<4. Pourth embodiment>
[Television receliver]

Fig. 22 is a block diagram illustrating a main example
configuration of a television receiver that includes the
image decoding apparatus 500,

103813

The televisicon receiver 1000 illustrated in Fig. 22
includes a terrestrial tuner 1013, a video decoder 1015, a
video szignal processing circuit 1018, a graphic generation
circuit 1019, a panel drive circuit 1020, and & display
panel 1021,

[0382)

The terrestrial tuner 1013 receives a broadcast wave
signal ¢f terrestrial analeg broadcasting via an antenna,
decodes the signal, obtains a video signal, and supplises the
video signal to be video decoder 1015, The video decoder
1015 performs decoeding processing on the video signal
supplied from the terrestrial tuner 1013, and supplies a
digital compeonent signal obtained thereby to the video

signal processing circuit 1018.



[0383]

The videc signal processing circuit 1018 performs
certain processing, such as noise reduction, on the video
data supplied from the videc decoder 1015, and supplies the
obtained video data to the graphic generaticn circuit 1018,
[0394]

The graphic generation cilrcuit 1018 generates, for
example, video data of a program which is to be displayed on
the display panel 1021, cor generates image data by
performing processing based on an application supplied via a
netwerk, and supplies the generated video data or image data
To the panel drive circuit 1020. Also, the graphic
generation circuit 1019 perfcrms, as appropriate, processing
of generating videc data {(graphic) for displayving a screen
which is used by a user te select an item or the like, and
supplying video data which is cobtained by superposing the
generated video data on video data of a program to the panel
drive circuit 10ZC.

[0385)

The panel drive circuit 1020 drives the display panel
1021 on the basis of the data supplied from the graphic
generation circuilt 101%, and causes the display panel 1021
to display videc of a program or the above-described wvarious
screens.

[0396]



- 129 -

The display panel 1021 is constituted by an LCD (Liguid
Crystal Display) or the like, and displays video of a
program and so forth in accordance with control performed by
the panel drive circuit 1020.

[G367]

Also, the television receiver 1000 includes an audio
A/D {Analog/Digital) converter circuit 1014, an audio signal .
processing circult 1022, an echo cancellation/audio
synthesis circuit 1023, an audio amplifier circuit 1024, and
a speaker 1025.

(03981

The terrestrial tuner 1013 demodulates a received
broadcast wave signal, and thereby obtains an audio signal
gs well as a videco signal. The ferrestrial tuner 1013
supplies the obtained audio signal toe the audic A/D
converter clrcuit 1014,

[0399]

The audic A/D converter circult 1014 performs A/D
conversion processing on the audie signal supplied from the
terrestrial tuner 1013, and supplies a digital audioc signal
obtained thereby to the audic signal processing circuit 1022.
[C4G0]

The audlo signal processing circuit 1022 performs
certain processing, such as noise reduction, on the audio

data supplied from the audic A/D converter circuit 1014, and
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supplies audio data obtained thereby to the echo
cancellation/audio synthesis circuit 1023,
[0401]

The echo cancellation/audio synithesis circuit 1023

upplieg the audio data supplied from the audioc signal

54

processing circuit 1022 to the audic amplifier cilrcuit 1024,
(04027

The audio amplifier circuit 1024 performs D/A
conversion processing and amplification processing on the
audio data supplisd from the echo cancellation/audio
synthesis circuit 1023, adiusts the audio data so as to have
a certain wvolume, and causes asudic to ke ocutput from the
speaker 1025.
(0403}

Furthermore, the television receiver 1000 includes a
digiﬁai tuner 1016 and an MPEG decoder 1017.
104G47

The digital tuner 1016 receives a broadcast wave signal
of digital broadcasting {(tarrestrial digital broadcasting,
BS (Broadcasting Satellite)/CS {(Communications Satellite)
digital broadcasting! via an antenna, demcdulates the signal,
obtaing an MPEG-TS (Moving Picture Experts Group-Transport
Stream), and supplies it to the MPEG decoder 1017.
[0405)

The MPEG decoder 1017 descrambles the MPEG-TS supplied



- 131 -

from the digital tuner 1016, and extracts a stream including
the data of a program as a target to be reproduced (target
to be viewed and listened tc). The MPEG decoder 1017
decodes the audio packets constituting the extracted stream
and supplies the audic data obtained thereby to the audio
signal processing circuit 1022, and also decodes the video
packets constitfuting the stream and supplies video data
obtained thereby to the video signal processing circuit 1018.
Zlso, the MPEG decoder 1017 supplies EPG (Electronic Program
Guide) data extracted from the MPEG-TS to a CPU 1032 via a
path which is not illustrated.

[040¢]

The television receiver 1000 includes the sbove-
described image decoding apparatus.SOO serving as the MPEG
decoder 1017 that decodes video packets in this way. Note
that the MPEG~TS transmitted from a broadcast station or the
like has been encoded by the image encoding apparatus 300.
{04073

As in the case of the image decoding apparatus SGO, the
MPEG deccoder 1017 appropriately decodes encoded data for
which the selection of the I PCM mede is controlled in units
of CUs, which are smaller than LCUs. Thus, the MPEG decoder
1017 is capable of realizing a decrease in redundant
processing for enceding and a decrease in redundant

information included in the encoded data. Accordingly, the



MPEG decoder 1017 is capable cof realizing enhanced encoding
efficiency while suppressing a decrease in the efficiency of
encoding processing.
(04083

As in the case of the video data supplied from the
video decoder 1015, the videco data supplied from the MPEG
decoder 1017 undergoes certaln processing in the video
signal processing circuit 1018, video data or the like
generated in the graphic generation circuit 101¢ is
superposed thereon as appropriate, the video data is
supplied to the display panel 1021 via the panel drive
circult 1020, and the image Thereof is displaved.

1040817

As in the case of the audio data supplied from the
audio A/D converter circuiit 1014, the audio data supplied
from the MPEG decoder 1017 undergcoes certaln processing in
the audio signal processing circult 1022, 1s supplisd to the
audio amplifier circult 1024 via the echo cancellation/audio
gaynthesis circuit 1023, and undergees D/A conversion
proceasing and amplification processing. Bs a result, audio
adiusted to have a certain volume is output from the speaker
1025,

[0410]
Alzo, the television receiver 1000 includes a

microphone 1026 and an A/D converter circuit 1027,



~ 133 -~

[0411]

The A/D ceonverter circult 1027 receives & signal of
user's volce captured by the microphone 1026 that is
provided in the television receiver 1000 for voice
conversation, performs A/D conversion progessing on the
received audio signal, and supplies obtained digital audio
data to the echo cancellation/audio synthesis circeuit 1023.
(04123

In a case where audic data of a ussr {user A} of the
television recelver 1000 isg supplied from the A/D converter
clreuit 1027, the echo cancellation/audic synthesis circuit
1023 performs eche cancellation on the audio data of the
user A, and causes audio data which is obtained through
synthesis with other audic data to be output from the
speaker 1025 via the audio amplifier circuit 1024.

[0413]

Furthermore, the television recelver 1000 includes an
audioc codec 1028, an internal bus 1029, an SDRAM
{Synchronous Dynamic Random Access Memory) 1030, a flash
memory 1031, the CPU 1032, a USB (Universal Serial Bus) I/F
1033, and a network I/F 1034.

[0414]

The A/D converter circuit 1027 receives a signal ¢f

user's wvolce captured by the microphone 1026 that is

provided in the television receiver 1000 for voice



conversation, performs A/D conversion processing on the
recelived audio signal, and supplies obtained digital audio
data tc the audio codec 1028,

[0415]

The audic codec 1028 converts the audio data supplied
from the A/D converter circult 1027 into data of a certain
format Ior transmitting it via a network, and supplies the
audio data to the network I/F 1034 via the internal bus 1028.
[0416]

The netwoerk I/F 1034 is connected to a network via a
cable attached to a network terminal 1035. The network I/F
1034 tranamits audio data supplied from the audio codec 1028
to another apparatus connected te the network, for example.
Also, the network I/F 1034 receives, via the network
terminal 1035, audic data transmitted from another apparatus
connected via the network, for example, and supplies the
audio data to the audic codsc 1028 via the internal bus 1023.
£0417]1

The audic codec 1028 ccnverts the audio data supplied
from the network I/F 1034 into data of a certalin format, and
supplies the data to the echo cancellation/audic synthesis
circuit 1023,

[0418]
The echo cancellation/audio synthesis clrceuis 1023

performs echo cancellation on the audio data supplied from
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the audio codec 1028, and causes audio data obtained through
synthesis with other audic data to ke output from the
speaker 1025 via the audic amplifier circuit 1024.

[0419]

The SDREM 1030 stores varicus pleces of data necessary
for the CpU 1032 to perform processing.
[0420]

The flash memory 1031 stores a program executed by the
CPU 1032. The program stored in the flash memory 1031 is
read cut by the CPU 1032 at a certain timing, for exampls,
at the start-up of the television receiver 1000. The flash
memory 1031 also stores EPG data obtained wia digital
broadcasting and data obtained from a certain server via a
network.

[0421]

For example, the fiash memory 1031 stores an MPEG-TS
including content data obtained from a certain server via a
network under control performed by the CPU 1032, The flash
memory 1031 supplies the MPEG-TS to the MPEG decoder 1017
via the internal bus 1028, for example, under control
performed by the CPU 1032,

(04227

The MPEG deccder 1017 processes the MPEG-TS, as in the

case of the MPEG-TS supplied from the digital tuner 1016.

In this way, the television receiver 1000 is capable of
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receiving content data of vidso, audic, or the like via a
network, decocding the data using the MPRG decoder 1017, and
causing the video to be displayed or the audic to be output.
104237

Also, the televislieon receiver 1000 includes a light
receiver 1CG37 that receives an infrared signal transmitted
from a remote contrel 1051.

[0424]

The light receiver 1037 receives an infrared ray from
the remote control 1051, and ocutputs a control code
representing the detail of a user operation obtained through
demcedulation to the CPU 1032.

[0425]

The CPU 103Z executes a program stored in the flash
memory 1031, and controls the entire operation of the
television receiver 1000 in accordance with a control code
or the like supplied from the light receiver 1037. The CPU
1032 is connected to the individual units of the television
receiver 1000 via paths which are not illustrated.
04z2¢]

The USB I/F 1033 transmits data to/receives data from
an external apparatus of the television recesiver 1000, the
apparatus being connected via a USB cable sttached to a USRB
terminal 1036. The network I/F 1034 connects to a network

via a cable attached to the network terminal 1035, and



transmits/recelives data other than audic data tc/from
various apparatuses connected to the network.
[0427]

The television recelver 1000 includes the image
decoding apparatus 500 serving as the MPEG decoder 1017,
thereby being capable of realizing enhancement of encoding
efficiency of ccntent data while suppressing a decrease in
the efficiency of encoding processing at the time of
generating the content data, which is obtained via a
broadcast wave signal received via an antenna or a network.
[0428]
<5, Pifth embodiment>
[Mobile phonel

Fig. 22 is a block diagram illustrating a main example
configuration of a mcbile phone that includes the image
encoding apparatus 300 and the lmage decoding apparatus 500,
[04283]

The mobile phone 1100 i1llustrated in Fig. 23 includes a
main controllier 1150 configured to collectively control
individual units, a power supply circult unit 1151, an
operation input controller 1152, an image encoder 1153, a
camera I/F unit 1154, an LCD controller 1155, an image
‘decoder 1156, a multiplexer/demultiplexer unit 1157, =
recording/reproducing unit 1162, a modulation/demcdulation

circult unit 1158, and an audic codec 1159, These are
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connected to one ancther via a bus 1160.
04320}

Also, the mobile phene 1100 includes an operation key
1119, a CCD (Charge Coupled Devices) camera 1116, a liguid
crystal display 1118, a storage unit 1123, a
transmission/reception circuit unit 11632, an antenna 1114, a
microphone 1121, and a speaker 1117.

[0431]

When a call ends or a power key is turned on through a
uger cperation, the power supply circuit unit 1151 supplies
power from a battery pack te the individual units, thereby
bringing the moblle phone 1100 inte an operable state.
104327

The mcobile phone 1100 performs various operations, such
as transmission/reception of an audio signal,
transmission/reception of an electronic mail or imags data,
image capturing, or data recording, in various modes, such
as an audio call mode or a data communication mode, on the
basis of control performed by the main controller 1150,
which includes a CPU, & ROM, a RAM, and so Fforth.

[CG433]

For example, in the audic call mode, the mobile phone
1100 converts an audic signal collacted by the microphone
1121 into diligital audio data using the audioc codec 1153,

performs spectrum spread processing thereon using the
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modulation/demcdulation circult unit 1158, and performs
digital-to-analog conversion processing and freguency
conversion processing using the transmission/reception
circult unit 1163. The mobile phone 1100 transmits a signal
to be transmitted obtained though the conversion processing
to a base station (not illustrated) wia the antenna 1114.
The signal to be transmitted {audic signal} transmitted to
the base station is supplied to a mobkile phone of the other
end cf a call via a public telephone line network.
{04347

Alsc, for example, in the audio call mcde, the mobile
phone 1100 amplifies a reception signal received by the
antenna 1114 using the transmission/reception circuit unit
1183, further pesrferms freguency conversion processzing and
analog-to-digital conversion processing, performs spectrum
inverse spread processing using the medulation/demodulation
circuit unit 1158, and converts the signal intc an analog
audic signal using the audio codec 115%. The mobile phone
1100 outputs the analog audio signal obtained through the
conversicn from the speaker 1117.
[0435]

Furthermore, for exampie, Iin the case of fransmitting
an electronic mail in the data communicaticon mode, the
mebile phone 1100 accepts, in the operation input controller

1152, the text data of the electronic mail input through an
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operation of the operation key 1118, The moblle phone 1100
processes the text data using the main controllier 1150, and
causes the text data to be displayed as an image on the
liquid crystal display 1118 via the LCD controller 1155.
[0436]

Also, the mobilile phone 1100 generates, in the main
controller 1150, electronic mail data on the bkasis of the
text data or a user instruction accepted by the operation
input controller 1152, The mobilile phone 1100 performs
spectrum spread processing on the slectronic mail data using
the modulaticon/demodulation circuit unit 1158, and performs
digital-to-analog conversion processing and frequency
conversicn processing using the transmission/reception
circult unit 1163. The mobile phone 1100 transmits a signal
to be transmitted obtained through the conversion processing
to a base station (not iliustrated) via the antenna 1114,
The signal to be transmitted (electronic mail) transmitied
o the base station is supplied to a certain destination via
a network and a mall server or the like,

[0437;

Also, for example, in the case of receiving an
electronic mail in the data communication mode, the mckile
phone 1100 receives a signal transmitted from the base
station via the antenna 1114 using the

transmission/reception circult unit 1163, amplifies the
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signal, and further performs frequency conversion processing
and analog-to-digital conversion processing. The mobile
phone 1100 performs spectrum inverse spread processing on
the received signal using the modulation/demcdulatiocon
circult unit 1158 to restore original eslectronic mail data.
Tbé mobilie phone 1i00 displays the resgtored electronic maill
data on the liguid crystal display 1118 via the LCD
controller 1155,

[0438]

Additicnally, the mcobile phone 1100 is also capable of
causing the received electronic mall data to be recorded
{stored) in the storage unit 1123 via the
recording/reproducing unit 1162,

[0439)

The storage unit 1123 is an arbitrary rewritable
storage mediun. The storage unit 1123 may be, for exémple,
a senmiconductor memory, such as a RAM or a built-in flash
memery, a hard disk, or & removable medium, such as a
magnetic disk, a magneto-optical disc, an cptical disc, a
USB memory, or a memory card. Of course, other types of
mediaz may be used.

[0440]

Furthermore, for example, in the case cof transmitting

image data in the data communication mode, the mobile phone

1100 generates image data through lmage capturing using the
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CCD camera 1116. The CCD camera 1116 includes optical
devices, such as a lens and a diaphragm, and & CCD serving
as a photoelectric conversion element, captures an image of
a subject, converts the intensity of received light into an
electric signal, and generates image data of the image of
the subject. The CCD camera 1116 encodes the image data
using the image encoder 1153 via the camera I/F unit 1154,
thereby converting the image data into encoded image data.
f0441]

The mobile phone 1100 includes ths above-described
image enceding apparatus 300 serving as the image encoder
1153 that performs the above-described processing. As in
the case of the image encoding apparatus 300, the image
encoder 1153 controls the selection of the I PCM mode in
units of CUs, which are smaller than LCUs. That is, the
image encoder 1153 is capable of further reducing redundant
processing for enceding, and i1s alsc capable of further
reducing redundant information included in encoded data.
Accerdingly, the image encoder 1152 is capable of enhancing
encoding efficlency while suppressing a decrease in the
efficiency of encoding processing.
f0442]

In addition, at the same time, the mcbile phone 110C
performs, in the audio codec 1159, analcg-to-digital

conversion on audio collected by the microphone 1121 during



image capturing by the CCD camera 1116, and also encodes it.
(04431

The mcbile phone 1100 multiplexes, in the
multiplexer/demultiplexer unit 1157, the encoded image data
supplied from the image encoder 1153 and the digital audio
data supplied from the audic codec 1159 using a certain
method. The mobile pheone 1100 performs spectrum spread
processing on the multiplexed data obtained as a result
using the modulation/demodulation circuit unit 1158, and
performs digital-to-analog conversion processing and
frequency conversion processing using the
transmissiocn/reception circuit anit 1163. The mobile phone
1100 tranmsmits a signal to be transmitted obtained through
the conversion processing to a base statien (no:t
illustrated) via the antenna 1114. The signal to be
transmitted {(image data) which has been transmitted to the
base station is supplied toc the other end of communication
via a network or the like.

[G444]

Note that, in the case of not transmitting imege data,
the mobile phone 1100 is capable of causing the image data
generated by the CCD camera 1116 to be displayed cn the
liguid crystal display 1118 via the LCD contreoller 1155, not
via the image encodsr 1153,

[0445]



Also, for example, in the case of recelving data of a
moving image file that is linked to a simple web page or the
like in the data communication mode, the mobile phone 1100
receives a signal transmitted from a base gtation via the
antenna 1114 using the transmission/reception circuit unit
1163, amplifiés the signal, agd further performs frequency
conversion processing and analog-to-digital conversion
processing thereon. The moblle phone 1100 performs spectrum
inverse spread processing cn the received signal to resltore
original multiplexed data using the modulation/dsmodulation
circuit unit 1158. The mobile phene 1100 demultiplexes the
multiplexed data into encoded image data and audio data
using the multiplexer/demultiplexer unit 1157.

[0446]

The mobille phone 1100 decodes the encoded image data
using the image decoder L1156 to generate reproduced moving
image data, and causes the data to be displaved on the
liquid crystal display 1118 via the LCD controller 1155.
Accordingly, for example, the moving image data included in
the moving image file linked to the simple web page is
displaved on the liguid crystal display 1118.

(04471

The mobile phone 1100 includes the above-described

image decoding apparatus 500 serving as the image decoder

1156 for performing such precessing. That is, as in the



- 145 -

case of the image decoding apparatus 500, the ilmage decoder
1156 appropriately decodes encoded data for which the
selection of the I_PCM mode is controlled in units of CUs,
which are smaller than LCUs. Thus, the image decoder 1156
is capanle of realizing a decrease in redundani processing
for encoding and a decrsase in redundant information
included in the encoded data. Accordingly, the image
decoder 1156 is capable of realizing enhanced encoding
efficiency while suppressing a decrease in the efficiency of
encoding processing.

[0448]

At this time, the mobile phone 1100 converts digital
audio data into an analeyg audio signal using the audio codec
115%, and causes the signal to be\output from the speaker
1117. Accordingly, for example, audio data included the
moving image file linked to the simple web page 1s
reproduced.,

[04489]

Note that, as in the case of an slectronic mail, the
mobile phone 1100 is also capable of causing the received
data linked to the simple web page or the like to be
recorded (stored) in the storage unit 1123 wia the
recording/reproducing unit 1162.

[0450]

Alsc, the mobile phone 1100 is capable of analvzing a



two-dimensional code cbtained by the CCD camera 1116 through
image capturing and cbtaining information recorded in the
two-dimensional code using the main controller 1150,

[C4513

Farthermore, the mobile phone 1100 is capable of
communicating with an external apparatus through an infrared
ray using an infrared communication unit 1181.

[C452]

By including the image enceding device 300 serving as
the image encoder 1133, the mobile phone 1100 is capable of
enhancing enceding efficlsncy while suppressing a decrease
in the efficiency of encoding processing, for example, when
enceding and transmitting image data generated by the CCD
camera 1116.

[0453]

Alsec, by including the image decoding apparatus 500
serving as the image decoder 1156, the mobile phone 1100 is
capable of realizing enhanced encoding efficiency of data
while suppressing a decrease in the efficiency of encoeding
processing at the time of generating the data (encoded datal
of a moving image file linked to a simple web page or the
1ike.
f0454]

Note that, although a description has besn given above

that the mobile phone 1100 includes the CCD camera 1116, an
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image senscr using a CMOS (Complementary Metal Oxide
Semiconductor) {CMOS image sensor) may be used instead of
the CCD camera 1116, In this case, too, the mobile phone
1100 is capable of capturing an image of a subiect and
generating image data of the image of the subject, as in the
case of using the CCD camera 1116,

[0455]

Alse, although a description has been given above of
the mobile phone 1100, the image encoding apparatus 300 and
the ilmage decoding apparatus 500 can be applied to any
apparatus having an image capturing function and a
communication function similar to those of the mobile phons
1100, such as a PDA (Perscnal Digital Assistants), a smart
phone, a UMPC (Ultra Mcbhile Persgnal Computer), a net book,
or a notebocok personal computer, as in the case of the
mebile phone 1100.

(04567
<&, Sixth embodiment>
[Hard disk recorder!

Fig. 24 is a block diagram illustrating a main example
configuration of a hard disk recorder that includes the
image encoding appavatus 300 and the image decoding
aﬁparatus 500,

(04577

The hard disk recorder (HDD recorder) 1200 illustrated



in Fig. 24 is an apparatus that stores, in a hard disk built
therein, audio data and video data of a broadcast program
included in a broadcast wave sgignal (television signal) that
is transmitted by a satellite, an antenna on the ground, or
the lilke and that is received by a tuner, and that provides
the steraed data to a user at a timing corresponding te an
instruction provided by the user.
(04583

The hard cisk recorder 1200 is capable of, for example,
extracting sudio data and video data from a broadcast wave
signal, appropriately decocding them, and causing them to be
stored in the hard disk built therein. Alss, the hard disk
recerder 1200 is capable of, for example, obtaining audioc
data and video data from ancther apparatus via a network,
appropriately deceding them, and causing them to be stored
in the hard disk bullt therein.
{04587

Furthermore, the hard disk recorder 1200 is capable of,
for example, decoding audio data and video data recorded on
the hard disk pbullt therein, supplving them tc a monitor
1260, causing the image thereof to be displayed on the
screen of the monitor 1260, and causing the audic thereof to
e output from the speaker of the monitor 1260. Also, the
hard disk recorder 1200 is capable of, for example, decoding

audic data and wvideo data extracted from a broadcast wave
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signal cbtained via a tuner or auvdic data and video data
obtained from another apparatus via a network, supplying
them to the moniteor 1260, causing the image thereof to be
displayed on the screen of the monitor 1260, and causing the
audio thereof to be output from the spsaker of the monitor
1260.
[0460]

Of course, another operation can be performed.
{04613

As illustrated in Fig. 24, the hard disk recorder 1200
includes a receiving unit 1221, a demcdulating unit 1222, a
demultiplexer 1223, an audio decoder 1224, a video deccder
1225, and a recorder controller 1226. The hard disk
recorder 1200 further includes an EPG data memory 1227, a
program memery 1228, a working memory 1225%, a display
converter 1230, an OSDL {On Screen Display) contreller 1231,
a display contreller 1232, a recording/reproducing unit 1233,
a D/A converter 1234, and & communication unit 1233.

[0482]

Also, the display converter 1230 includes a wvideo
encoder 1241. The recording/reproducing unit 1233 includes
an encoeder 1251 and a decoder 1252,

[0463]
The receiving unit 1221 receilves an infrared signal

from a remote control (not illustrated), converts the signal
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into an electric signal, and outputs the electric signal to
the recorder controller 12£6. The reccorder controller 1226
is constituted by, for example, a microprocesscr or the like,
and executes varicus processing operations in accordance

with & program steored in the program memory 1228. At this
time, the recorder controller 1226 uses the working memory
1229 as necessary.

[0464]

The communication unit 1235 is connected to a network,
and performs communication proecessing with another apparatus
via the network. For example, the communication unit 1235
is contreollsd by the recorder controller 1226, communicates
with a2 tuner (not illustrated), and.outputs & channel
selection control signal mainly te the tuner.

{04657

The demodulating unit 1222 demcodulates the signal
supplied from the tuner and outputs the signal to the
demultiplexer 1223. The demultiplexer 1223 demultiplexes
the data supplied from the demcdulating unit 1222 into audic
data, wvideo data, and EPG data, and outputs them to the
audic deccder 1224, the video decoder 1225, and the recorder
controller 1226, respectively.

[0466]
The audio decoder 1224 decodes the audio data input

thereto, and outputs the audio data to the



recording/reproducing unit 1233. The videc decoder 1225
decodes the wvideo data input thereto, and cutputs the videco
data to the display converter 1230. The recorder contrcller
1226 supplies the EPGC data input thereto to the EPC data
memory 1227 so as to store it therein,

[0467]

The display converter 1230 encodes, with the video
encoder 12431, the videco data supplied from the video decoder
1225 or the recorder contreller 1226 into video data of an
NTSC (National Television Standards Committee} format, for
gxample, and outputs the video data to the
recording/reproducing unit 1233. BAlso, the disglay
converter 1230 converts the size of the screen of the vidso
data supplied from the video decoder 1225 or the recorder
controller 1226 into the size corresponding to the size of
the monitor 12606, converts the video data into video data of
the NTS8C format with the video encoder 1241, ceonverts the
video data intc an analog signal, and cutputs the analog
signal to the display controllier 1232,

[0468]

The display controller 1237 superposss the 0SD signal
output from the 03D (On Screen Display) controiler 1231 on
the video signal input from the display converter 1230 under
control performed by the recorder controller 1226, cutputs

it to the display of the monitor 1260, and causes 1t o be



displayed thereon.
(64597

Also, the monitor 1260 is supplied with the audioc data
which has been ocutput from the audio decoder 1224 and which
has been converted inte an analog signal by the D/A
converter 1234, Tbe menitor 1260 outpuits this sudio signal
from the speaker built therein.

[0470]

The recording/reproducing unit 1233 includes a hard
disk serving as a storage medium for holding video data,
audio data, and the like recorded thereon.

(04711

the recording/reproducing unit 1233 encodes, with the
encoder 1251, the audio data supplisd from the audio decoder
1224, for example. Also, the recording/reproducing unit
1233 encodes, with the encoder 1251, the video data supplied
from the video encoder 1241 of the display converter 1230.
The recording/reproducing unit 1233 combines, with a
multiplexer, the encoded data of the audio data and the
encoded data of the video data. The recording/reproducing
unit 1233 performs channel coding on the compesite data to
amplify it, and writes the data on the hard disk via a
recording head.

(04723

The recording/reproducing unit 1233 reproduces the data



- 153 -

recerded on the hard disk via a repreducing head, amplifies
the data, and demultiplexes the data into audio data and
video data using a demultiplexer. The recording/reproducing
unit 1233 deccodes, with the decoder 1252, the audic data and
the video data. The recording/reproducing unit 1233 D/A~
converts the decoded audio data and cutputs the audio data
to the speaker of the monitor 1260. Alsc, the
recording/reproducing unit 1233 D/A-converts the decoded
video data and cutputs the video data to the display of the
monitor 1260,

[0473]

1

The recorder controller 1226 reads out the latest EPG
data from the EPG data memory 1227 on the basis of a userx
instructlon represented by an infrared signal which is
supplied from the remote contrel and which 1s received via
the receilving unit 1221, and supplies the EPGC data to the
08D controller 1231. The OSD controller 1231 generates
image data corresponding to the input EPG data, and cutputs
the image data to the display controller 1232. The display
controller 1232 ocutputs the video data input from the OSD
controller 1231 to the display of the moniter 1260, and
causes the videso data to ba displayved therson. Accordingly,
an EPG {(electronic program gulde) is displayed on the
display of the monitor 1260.

[cav4a;
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Also, the hard disk recorder 1200 is capable of
cbtaining variocus pileces of data, such as video data, audic
data, or EPG data, supplied from ancther apparatus via a
network, such as the Internet,

[0475]

The communication unit 1235 is controlled by the
recorder controller 1226, obtains encoded data of video data,
audioc data, EPG data, and so forth transmitted from another
apparatus via a network, and supplies the encoded data to
the recorder centroller 1226, For example, the recorder
controller 1226 supplies the obtained encoded data of video
data and audio data to the recording/reproducing unit 1233,
and causes the hard disk to store the encoeded data. AR this
time, the reccrder controller 1226 and the
recording/reproducing unit 1233 may perform processing, such
as re-encoding, as necessary.

[0478]

Also, the recorder contreller 1226 decodes the obhtained
encoded data of video data and audio data, and supplies the
obtained video data to the display converter 1230. The
display converter 1230 processes the video data supplied
from the recorder controller 1226, like the video data
supplied from the video decoder 1225, supplies the video
data to the moniter 1260 wvia the display controller 1232,

and causes the image thereof to be displayed thereon.
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Also, in accordance with display of the image, the
recorder controller 1226 may supply decoded audic data to
the menitor 1260 via the D/A converter 1234 and cause the
audio to be output from the speakar.

[0478]

Furthermore, the recorder controller 1226 decodes the
obtained encoded data of the EPG data, and supplies ths
decoded EPG data to the EPG data memory 1227,

04797

The hard disk recorder 1200 described above includes
the image decoding apparatus 500 serving as the video
decoder 1225, the decoder 1252, and the decoder included in
the recorder contrecller 1226. That is, the video decoder
1225, the decodexr 1252, and the decoder included in the
recorder controller 1226 appropriately deccdes encoded data
for which the selection of the I PCM mode is controllied in
urtits of CUs, which are smallier than LCUs, as in the case of
the image deccding apparatus 500. Accordingly, the video
decoder 1225, the decoder 1252, and the decoder included in
the recorder contrcoller 1226 is capable of realizing a
decreases in redundant processing for encoding and a decrease
in redundant infermatien included in the encoded data.
Accordingly, the video decoder 1225, the deccder 1252, and

the decoder included in the recorder contrcller 1226 are



capable of reaslizing enhanced encoding efficiency while
suppressing a decrease in the efficiency of encoding
processing.

[0480]

Therefore, the hard disk rececrder 1200 is capable of
realizing enhanced encoding efficiency of data while
suppressing a decrease in the efficlency of encoding
processing when generating video data (encoded data)
received by the tuner or the communication unit 1235 ozx
video data (encoded data) reproduced by the
recording/reproducing unit 1233.

104813

Also, the hard disk recorxdsr 1200 includes the image
encoding apparatus 300 serving as the encoder 1251. Thus,
the encoder 12531 controls the selection of the I _PCHM mode in
units of CUsz, which are smaller than LCUs, as in the case of
the image encoding apparatus 30C. That is, the encoder 1251
is capable of further reducing redundant processing for
encoding and is also capable of reducing redundant
information included in encoded data. Accordingly, the
encoder 1251 is capable of enhancing encoding efficiency
while suppressing a decrease in the efficiency of enccding
processing.

[0482]

Therefore, the hard disk recorder 1200 is capable of
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enhancing encoeding efficiency while suppressing a decrease
in the efficiency of encoding processing, for example, when
generating encoded data to be recorded on a hard disk,
[0483]

Note that, although 2 description has been given above
of the hard disk recorder 1200 that records video data and
sudic data on a hard disk, any types of recording media may
of course be used. For example, the image encoding
apparatus 300 and the image decoding apparatus 500 can be
applied to a recorder that uses a recording medium other
than & hard disk, for example, a flash memcry, an optical
disc, or video tape, as in the case of the above-described
hard disk recorder 1200.

(04841
<7. Sewventh embodiment>
{Camera]

Fig. 25 is a block diagram illiustrating a main example
configuration of a camera that includes the image encoding
apparatus 300 and the image decoding apparatus 500.

(04853

The camera 1300 illustrated in Fig. 25 captures an
image of a subject, causes an LCD 1316 to display the image
of the subject, and records it as image data on & recording
medium 1333.

[0486]
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A lens bleock 1311 causes light (that 1s, an image of a
subject) to enter a CCD/CMOS 1312. The CCD/CMOS 1312 is an
image sensor including a CCD or CMOS, converts the intensity
of received light into an electric signal, and supplies the
glectric signal to & camera signal processor 1313.

(0487]

The camera signal processor 1313 converts the electric
signal supplied from the CCD/CMOS 1312 into color-differsnce
signals of Y, Cr, and Ch, and supplies them to an image
signal processor 1314. The image signal processor 1314
performs certain image processing on an image signal
supplied from the camers signal processcor 1312 and ancodes,
with an encoder 1341, the image signal under control
performed by a controller 1321. The image signal processor
1314 supplies encoded data which is generated by encoding
the image signal to a decoder 1315, Furthermore, the image
signal processor 1314 obtalns data to be displaved generated
by an on screen display {(08D) 1320, and supplies the data to
the decoder 1315.

104881

In the foregeing process, the camera signal processor
1313 uses a DRAM (Dynamic Random Access Memory) 1318
connected via a bus 1317 as appropriate, and causes the DRBM
1318 to held image data, encoded data obtained by encoding

the image data, or the like as necessary.
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104887

The deccoder 1315 decodes sencoded data supplied from the
image signal processor 1314, and supplies the image data
obtained thersby (decoded image data) to the LCD 1316. Also,
the decoder 1315 supplies the data to be displayed supplied
from the image signal processor 1314 to the LCD 1316. The
ILCD 1316 combines the image of the decoded image data
supplied from the decoder 1315 and the image of the data to
be displayed as appropriate, and displays the composite
image.
1048407

The on screen display 1320 outputs data to be displayed,
such as a menu screen made up ¢f symbols, characters, or
figures, and icons, to the image signal processor 1314 via
the bus 1317 under control performed by tha controller 1I3Z1.
F04817

The controller 1321 executes various processing
operations on the basis ¢of a signal representing the detail
of an instruction provided from_a user using an operation
unit 1322, and contrcels the image signel processcor 1314, the
DRAM 1318, an external interfage 1319, the on screen display
1320, a medium drive 1323, and so forth via the bus 1317.
Programs, data, and so forth which are necessary for the
controller 1321 to execute various processing operations are

stored in a flash ROM 1324.
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[0452]

For example, the controller 1321 is capable of encoding
image data stored in the DRAM 1318 and decoding encoded data
stored in the DRAM 1318 on behalf of the image signal
procesgor 1314 or the decoder 1315. At this time, the
controller 1321 may perform enceding/decoding progassing
using a format similar to an encoding/decoding format of the
image signal processor 1314 or the decoder 1315, or may
perform encoding/decoding processing using a format

incecmpatible with the image signal processcr 1314 or the

[
{31

decoder 13
[0493]

Also, for example, in a case where an instruction o
start printing an image is provided from the operation unit
1322, the contreller 1321 reads cut image data from the DRAM
1318 and supplies it to a printer 1334 connected to the
external interface 1319 via the bus 1317 to print it.

[0494]

Furthermore, for example, in a case where an
instruction te record an image is provided from the
operation unit 1322, the controller 1321 reads cut encoded
data from the DRAM 1318 and supplies it to the recording
medium 1333 leoaded in the medium drive 1323 via the bus 1317
Lo store it.

(04557
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The recording medium 1333 is, for example, an arbitrary
readable and writable removable medium, such as a magnetic
disk, a magneto-optical disc, an optlcal disc, or a
semiconductor memory. Of course, the recording medium 1333
may be a removable medium of any type, and may be a tape
device, disc, or memory card. OFf course, the recording
medium 1333 may be a noncontact IC card cor the like.

(04967}

Also, the medium drive 1323 and the recording medium
1333 may be integrated together, and may be constituted by,
for example, & non-transportable storage medium, such as a
built-in hard disk drive or an S8D (Selid State Drive).
[04873

The external interface 1319 is constituted by, for
example, a USSR input/output terminal or the like, and is
connected to the printer 1334 in the case of printing an
image. Also, a drive 1331 is connected to the externsl
interface 131% as necessary, & removable medium 1332, such
as a magnetic disk, an optical disc, or a magneto-optical
disc, is loaded thereto as appropriate, and a computer
program read out therefrom is installed into the flash ROM
1324 as necessary.

[04598]
Furthermore, the external interface 1319 includes a

network interfzce connected to a gertain network, such as a



LAN or the Internet. The controller 1321 is capable of, for
example, reading out encoded data from the DRAM 1318 and
supplying it from the external interface 1318 to ancother
apparatus connected via a network, in accordance with an
instruction provided from the operastion unit 1322. Alsc,
the controllier 1321 is capabie of obtaining, via the -
external interface 1318, encoded data or image data supplied
from another apparatus via a network, and causing the DRAM
1218 to held it or supplying 1t to the image signal
processcor 1314.
[04597

The camera 1300 described akove includes the image
decoding apparatus 500 serving as the decoder 1315. That 1is,
the decoder 1315 appropriately decodes encoded data for
which the selection of the I_PCM mode 1is centroller in units
of CUs, which are smaller than LCUs, as in the case of the
image decoding apparatus 500. Accerdingly, the decoder 1315
is capable of realizing a decrease in redundant processing
for encoding and a decrease in redundant information
included in enceded data. BAccordingly, the decoder 1315 is
capable of realizing enhanced anceoding efficiency while
suppressing a decrease in the efficiency of encoding
processing.
[C560]

Therefore, the camera 1300 is capable of, for example,
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realizing enhanced encoding efficiency of data while
suppressing a decrease in the efficiency of encoding
processing when generating image data generated by the
CCD/CMOS 1312, encoded data of wvideo data read out from the
DRAM 13186 or the recording medium 1333, or enceded data of
video data obtained via a network.

[0501]

Alsc, the camera 1300 includes the image encoding
apparatus 300 serving as the encoder 1341. The encoder 1341
contrcls the sslection of the I_PCHM mode in units of CUs,
which are smaller than LCUs, as in the case of the image
encoding apparatus 300. That is, the encoder 1341 is
capable of further reducing redundani processing for
encoding and is also capable of further reducing redundant
information included in encoded data. Accordingly, the
encoder 1341 is capable of enhancing encoding efficiency
while suppressing a decrease in the efficiency of enceding
processing.

[05G2]

Therefore, the camera 1300 is capable of enhancing
encoding efficiency while suppressing a decrease in the
efficiency of encoding processing, for example, when
generating encoded data to be recorded on the DRAM 1318 or
the reccrding medium 1333 or encoded data to be provided to

ancother apparatus.
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[0503]

In addition, the decoding method of the image decoding
apparatus 500 may be applied to decoding processing
performed by the controller 1321. Likewise, the encoding
method of the image encoding apparatus 300 may be applied to
encoding processing performed by the controller 1321.

105047

Also, the image data czaptured by the camera 1300 may be
a moving image or a still image.

(05057

QOf course, the image encoding apparatus 300 and the
image decoding apparatus 500 can be applied to an apparatus
or a system other than the above-~described apparatuses.
[0506]

The present techneology can be applied teo an image
encoding apparatug and an image deccding apparatus which are
used to, for example, receive ilmage information {(bit stream)
compressed through an crthogonal transform such as the
discrete cosine transform and by motion compenzation via a
network medium such as satellite broadcasting, cable TV, the
Internet, or a mobile phone, or to process the ilmage
information on & storage medium such as an optical or
magnetic disk or a flash memory, as in MPEG, H.Z¢x, or the
like.

[G507]
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In addition, the present techrnology may also provide
the feollowing conflgurations.

(1) An image processing apparatus including:

an encoding mode ssatter that sets, in units of coding
units having a hierarchical structure, whether a non-
compression mede is to be‘seiected as an encoding mode for
encoding image data, the non-compression mode being an
encoding mode in which the image data is cutput as encoded
data; and

an encoder that encodes the image data in units of the
coding units in accordance with a mode set by the encoding
mode setter.

{2} The image processing apparatus according to {1},
further including:

a shift processing controller that performs contrel, on
a coding unit for which the non-compression mode has been
set by the encoding mode setter, to skip shift processing in
which a bit precision for encoding or decoding is increased;
and

a shift processor that performs the shift processing on
& coding unit of the image data, the coding unit being
controlled by the shift processing controller so as to
undergo the shift processing.

(3) The image processing apparatus accoxding to (1) or

{2y, further including:
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a filter processing controller that psrforms control,
on a coding unit for which the noen-compression mode has been
set by the encoding mode setter, to skip filter processing
in which filtering is performed on a locally deccded ilmage:

g filter coefficient calculator that calculates a
filter cosfficient for the filter processing by using image
data corresponding to & ceding unit which is controlled by
the filter processing controller so as to undergo the filter
processing; and

a filter processor that performs the filter processing
in units of blocks, which are units of the filter processing,
by using the filter coefficient calculated by the filter
ceefficient calculator.

{4} The image processing apparatus according to (3},
wherein the filter processor performs the filter processing
on only pixels which are controlled by the filter processing
controller so as to underge the filter processing, the
pixels being included in a current block which is a target
to be processed.

{5} The image processing apparatus according to {3} or
{4), further including:

a filter jdentification information generaztor that
generatas filter identification information in units of the
blocks, the filter identification information being flag

information indigcating whether the filter processing is to
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be performed.

{6) The image précessing apparatus according to any of
{3} to (5}, wherein the filter processor pexforms adaptive
loop filtering on the locally decoded image, the zdaptive
loop filtering being adaptive filter processing using
classification processing.

{7y The image proqessing apparatus according to any of
{1y to (6), wherein, in a case where an amount of code of
encoded data, which is obtained by encoding the image data
correspending to a current coding unit aw a target of

enceding processing, is smaller than or sgual to an amount

-t

of input data, which is a data amount of the image data
corresponding to the current ceding unit, the encoeding mods
setfer sets an encoeding mode of the current coding unit to
be the non~compression mode.

(8) The image processing apparatus according to (7),
further including:

an input data amount calculator that calculates the
amount of input data,

wherein the encoding mode setter compares, regarding
the current ceding unit, the amcunt of input data calculated
by the input data amount calculator with the amount of code.

{(8) The image processing apparatus according to any of
{1} to (8}, further including:

an identification information generator that generates
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identification information in units of the coding units, the
identification information indicating whether the non-
compressicn mode has been set by the encoding mode setter.

{10} An image processing method for an image processing
apparatus, including:

setting, with an encoding mode setter, in units of
coding units having a hierarchical structure, whether a non-
compression mode 1s to be selected as an encoding mode for
encoding image data, the non-compression mode being an
enceding mode in which the image data is output as encoded
data; and

ancoding, with an encoder, the image data in units of
the coding units in accordance with a set mode.

(11} An image processing apparatus including:

an encoding mode determiner that determines, in units
of coding units having & hierarchical structure, whether a
non-cenmpreassion mode has been selected as an encoding mede
for encoding image data, the non~compression mode being an
encoding mode in which the image data is output as encoeded
data; and

a deceoder that decodes the encoded data in units of the
coding units in accordance with a mode determined by the
encoding mode determiner.

{12} The image processing apparatus according to (11},

further including:
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a shift processing contreller that performs control, on
a coding unit for which the encoding mode determiner has
determined that the non-compression mode has been selected,
tc skip shift processing in which & bit precision for
encoding or decoding is increased; and

a shift processor that performs the shift processing cn
a coding unit of the image data, the coding unit being
contrelled by the shift processing controller sc as to
undergo the shift processing.

(13) The image processing apparatus according to (11)
or (12}, further including:

a filter processing controller that performs control,
on & coding unit for which the encoding mode determiner has
determined that the non-compraession mode has been selected,
to skip filter processing in which filtering is performed on
a locally decoded image; and

a filter processcr that performs the filter processing
on the image data in units of blocks, which are units of the
filter processing,

wherelin the filter processor performs the filter
processing on only pixels which have been controlled by the
filter processing controller so as to undergo the filter
processing, the pixels being included in a current block
which is a target to be processed.

(14) The image processing apparatus according to {13},
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wherein the filter processor performs adaptive loop
filtering on the locally decoded image, the adaptiive loop
filtering being adaptive filter processing using
classification processing.

{15) The image processing apparatus accerding to {13}
or (l4), wherein the filter processor performs the filter
processing, in a case where filter identification
information indicating whether or not the filter processing
has been perifcrmed indicates that the Ffilter processing has
bgen performed on lmage data corresponding to the current
block which is a target to be processed, only when control
is performed by the filter procsssing contreller s¢ as to
perform the f£filter processing on all pixels included in the
current block.

{16} The image processing apparatus according to any of
(11} to (13), wherein the encoding mcde determiner
determines whether the non-compression mode has been
selected, on the basis of identification information
indicating whether the non-compression mode has bheen
selected in units of the coding units.

{17) An image prccessing method for an image processing
apparatus, including:

determining, with an encoeding mode determiner, in units
of coding units having a hierarchical structure, whether a

non~compression maede has been selected as an encoding mode



for encoding image data, the non-compression mode being an

encoding mode in which the image data is output as encoded

data; and

decoding, with & decoder, the encoded data in units of

the coding units in accordance with a determined mode.

Reference Signs List

[0508]
- 300
303
307

312

342
351
352
383

354

image encoding apparatus
adaptive shift-te~left unit
lossless encoder

loop £ilter

adaptive shift-to-right unit
adaptive shift-to-~left unit
rate controller

PCM encoder

NAL encodsar

CU encoder

I PCM fiag generatox

PCM deciding unit
deblocking filter

pixel sorting unit

filter coefficient calculator
filtering unit

input data amcunt calculator

PCM determining unit



encoding controller

adaptive shift controller

filter controllser

image decodlng apparatus

iossless decoder

loep filter

adaptive shift-to-right unit

adaptive ghift-to-left unit

PCM decoder

NAL decoder

CU decoderx

I_PCM flag buffer
PCM contrelliex
deblocking filter
pixel sorting unit

filtering unit
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CLAIMS:

1. An image processing apparatus comprising:

an encoding mode setter that sets, in units of coding units having a hierarchical
structure, whether a non-compression mode is to be selected as an encoding mode for
encoding image data, the non-compression mode being an encoding mode in which the

image data is output as encoded data; and

an encoder that encodes the image data in units of the coding units in accordance

with a mode set by the encoding mode setter.

2. The image processing apparatus according to Claim 1, further comprising:

a controller that performs control, on a coding unit for which the non-compression

mode has been set by the encoding mode setter, to set a bit depth for encoding.

3. The image processing apparatus according to Claim 1, further comprising:
a controller that performs control, on a coding unit for which the non-compression

maode has been set by the encoding mode setter, to skip processing of changing a bit depth

for encoding.
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4, The image processing apparatus according to Claim 1, further comprising:

a controller that performs control, on a coding unit for which the non-compression
mode has been set by the encoding mode setter, to skip filler processing in which filtering is

petformed on a locally decoded image.

5. The image processing apparatus according to Claim 4, wherein the
controller performs control, on a coding unit for which the non-compression mode has been
set by the encoding mode setter, to select whether to apply or skip the filter processing in
which filtering is performed on a locally decoded image.

8. The image processing apparatus according 1o Claim 5, further comprising:

a filter identification information generator that generates filter identification
information identifying whether the filter processing is 1o be performed.
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7. The image processing apparatus according to Claim 1, wherein, in a case
where an amount of input data, which is a data amount of the image data corresponding fo
a current coding unit, is smaller than or equal fo an amount of code of encoded data, which
is obtained by encoding the image data corresponding o the current coding unit, the
encoding mode sefter sefs an encoding mode of the current coding unit to be the non-

compression mode.

8. The image processing apparatus according to Claim 7, further comprising:

an input data amount calculator that calculates the amount of input data,

wherein the encoding mode setter compares, regarding the current coding unit, the
amount of input data calculated by the input data amount calculator with the amount of
code.

9. The image processing apparatus according to Claim 1, further comprising:

an encoding mode identification information generator that generates encoding
mode identification information indicating whether the non-compression mode has been set

by the encoding mode setter,

10. The image processing apparatus according to Claim 1, further comprising:

an identification infarmation generator that generates identification information
identifying that a block constituted by a plurality of coding units includes a coding unit for
which the non-compression mode has been set.
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11. The image processing apparatus according to Claim 10, wherein the block
constituted by a plurality of coding units is a largest coding unit, which is a coding unit of
largest size.



