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 processing apparatus 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 Picture Experts 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 particutaritoimage information for the purpose of achieving
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. [0003] In particular, MPEG-2 (t&Gc@atemiational Organization
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Technical Field
[0001]

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

Background Art
[6coo2]

In recent years, apparatuses compliant with a
compression format such as MPEG (Moving Plcture Experts
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 purpose of achieving highly efficient transmission and
accumulation of information, have been becoming prevalent
for use in both distribution of information from broadcast
stations and reception of informastion in general households.
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In particular, MPEG-2 (ISC (Internaticnal Organization



- 2 - for Standardization)/IEC (International Electrotechnical Commission) 13818-2) 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
currently 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 quality can be realized
by, for example, allocating an amount of code (bit rate) of 4 to 8 Mbps to 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-definition interlaced scanned image having 1920 x 1088 pixels. [0004] MPEG-2 is mainly
used for high image quality encoding suitable for broadcasting, but is not compatible with coding
formats of an amount of code (bit rate) lower than that of MPEG-1, that is, a higher compression rate.
With the witlespfead:dsedif raobiter tefriAalsT the need fonsuclt tedingofosmiats. wall increase in the
future, and in response the MPEG-4 coding format has been standardized. Regarding an image

coding fornTAMBEER R waS Heliynatdd afGhtinRtGialstARBSAF s FEONRRS 149982 in December
1998. [0003},:3 4 Reuthermore, standardizatign.of the farmat H,26L (ITY: T (international

Telecommunication Union Telecommunication Standardization Sector) Q6/16 VCEG (Video Coding
Expert Grospirmehichweas mitially for the pariose etianage! codmgefor ykdectantesences, has been
progressing in recent years. It is known that H.26L realizes higher encoding efficiency than previous

coding fornf&_NaEA FEMPEG 2 And MPES -3 thStigH e AEIdiRg B defGdiRg acdddrding to H.26L
involve a larger.gmauntof compytation Alsg, as RArLof %@%4 getivifies ; standardization for

realizing higher encoding efficiency by introducing functions which are not supported by H.26L on the
basis of H.Z6k iseutiently pragressing:as JointdModel afsEnhanted-Compression Video Coding.
[0006] As the standardization schedule, a standard called H.264 and MPEG-4 Part 10 (Advanced
Video CodiRg REFEIRARBY FETERRT toPad AYE)GREE TRER e d 2REnEEtHaflohaVStafBiARd in March

2003. [0007,, o Eunhermaye. a5 ap.exisasionf he abave. siandardizalion oL RE! (Fidelity Range

Extension), incfuding encoding tools necessary for business use, such as RGB, 4:2:2, and 4:4:4, as
well as 8 x 8laGit(RiscreteLagine Transfora) andcguantizationdnalicessdefined-in MPEG-2, was
completed in February 2005. Accordingly, a coding format
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[0004]

MPEG-Z 1s mainly used for high image quality encoding

suitable for broadcasting, but is not compatible with coding

formats of an amount of code (bit rate) lower than that of

MPEG-1, that is, a highér compressiocn rate. With the

widespread use of mobile 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 144%6~2 in December 1998,

[G005]



- 4 - 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]  However,
there has recently been a growing need for encoding at a higher compression rate, for example,
compression of an image having about 4000 x 2000 pixels, which is four times the number of pixels
included in a high-definition image, or distribution of high-definition images in an environment with a
limited transmission capacity, such as the Internet. Therefore, in VCEG (Video Coding Expert Group)
under ITU-T, ongoing studies for enhancing encoding efficiency have been performed. [0009]
Meanwhile, for the purpose of realizing higher engoding efficiency than that of AVC, 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, NFL 1) ri@61:04 rmdnethe HENG: eadingformat cogirg Baits {€Us) ase defimedras units of
processing which are similar to macroblocks used in AVC. Unlike a macroblock used in AVC, the size
ofa(ZUisH&Fﬁﬁﬁfﬁ;i@§@£6Eﬁ&ﬁ§9ﬂ%¥%§q%?ion Union Telecommunication

Standardization Sector) Q6/16 VCEG (Video Coding Expert
Group)} ), which was initially for the purpose of image cecding
for videc 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 enceding and decoding according to H.26L invclve a
larger amount of computation. Also, as part of MPEG—4
activities, standardization for realizing higher encoding
efficiency by intreducing functions which are not supported
by H.26i on the basis of H.26L is currently progressing as
Joint Model of Enhanced-Compression Video Coding.

[0006]

As the standardization schedule, a standard caliled
H.264 and MPEG-4 Part 10 (Advanced Video Coding, hereinafter
referred tc as AVC) was designated an international standard
in March 2003,
£0007)]

Furthermecre, as an extension of the above,
standardization of FRExt (Fidelity Range Extension),
including encoding tools necessary for business use, such as
RGB, 4:2:2, and 4:4:4, as well as 8 x § DCT (Discrete Cosine
Transform) and quantization matrices defined in MPEG-2, was

completed in February 2005, Accordingly, a coding format



specified in image compression information in each sequence. [0011]  CUs are hierarchically
configured from a largest coding unit (LOU) to a smallest coding unit (SCU). That is, it may be
generally considered that an LOU. corresponds to a macroblock used in AVC, and a CU in a layer
lower than the LOU corresponds to a sub-macroblock used in AVC. [0012] Meanwhile, there is a
coding format in which an encoding mode for encoding and outputting image data and a non-encoding
mode for outputting image data without encoding the image data are provided, whether the encoding
mode or the non-encoding mode is to be used is selected in units of macroblocks, and the encoding
mode and the non-encoding mode can be used id cembination within a single picture (see, for
example, PTL 1). Also in the AVC coding format, an I_PCM mode for outputting image data without
encoding the image data is supported as mb_type (see, for example, PTL 2). This is used for ensuring
real-time opersatloreot-dritfmvetizodginexproeessmg ineecass Where asgudmizatidedpdrameter is set to
be a small value, such as QP = 0, and in a case where_the information amount of encoded data is

larger thantR&t 6F am’nﬁﬁtii’?r?a@g.CAEﬁ? it78 PSSR rediz8 10441588 coding’6y usfify I1-PCM. [0013]

-6 Also,a method for increasing interpaladthmeticshas begn suggested (see, for example, NFL
2). Accordingly, an internal arithmetic error caused in processing such as an orthogonal transform and
motion coni@exiggtion can be reduced, and encoding efficiency can be enhanced. [0014]

Furthermore, a technique in which an FIR filter is provided in a motiopn compensation loop has been

suggested (see, fHESEMple™ NELE 3 AR diF ERCGdNgAPPardE" BY Sifaiitg ah BiR filter coefficient
using a Wiener filier sq,as fo,minimize an,eror with, respect ta-an inputimage, degradation in a

reference image can be minimized, and encoding efficiency of image compression information to be
output can berenfanceth of an image having about 4000 x 2000 pixels,
which is four times the number of pixels included in a high-
‘definition image, or distribution of high-definition images
in an environment with a limited transmission capacity, such
as the Internet. Therefore, in VCEG (Video Coding Expert
Group) under ITU-T, ongoing studies for enhancing encoding
efficiency have been performed.
[00091
Meanwhile, for the purpose of realizing higher encoding
efficiency than that of AVC, standardization of a coding
format called HEVC (High Efficiency Video Coding) is
currently béing conducted by JCIVC {(Joint Collaboration Team
~ Video Coding), which is a standards group of ITU-T and
ISC/IEC (see, for example, NPL 1).
[G010]
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



Citation List Patent Literature [0015] PTL 1: Japanese Patent No. 3992303 PTL 2: Japanese Patent
No. 4240283 Non Patent Literature [0016] NFL 1: "Test Model under Consideration", JCTVC-2205,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/SC29/WG112nd Meeting: Geneva, CH, 21-28 July, 2010 -7 NFL 2: Takeshi Chujoh, Reiko
Noda, "Internal bit depth increase except frame memory", VCEG-AF07, ITU - Telecommunications
Standardization Sector STUDY GROUP 16 Question 6 Video Coding Experts Group (VCEG) 32nd
Meeting: San Jose, USA, 20-21 April, 2007
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specified in image compressicn infeormation in each segquence,
[0021]

CUs are hierarchically configured from a largest coding
unit {LCU) tec a smallest coding unit (S5CU}. That is, it may
bhe generally considered that an LCU corresponds to a
macroblock used in AVC, and & CU in a layer lower than the
LCU corresponds to a sub-macroblock used in AVC,

[0012]

Meanwhile, there is z coding format in which an
encoding mode for encoding and outputting image data and a
non~encoding mode for outputting imags data without encoding
the image data are provided, whether the encoding mode or
the non-encoding mode i3 to be used is selected in units of
macroblocks, and the encoding mode and the non-encoding mode
can be used in combination within & single picture (sese, for
“example, PTL 1). Alsc in the AVC coding format, an I_PCM
mode for outputting 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 cass where a guantization parameter
is set to be a small value, such as QP = 0, and in & case
where the information amount of encoded data i1s larger than
that of an input image. Also, it is possible to realize
lossless coding by using I-PCM.

[0013]



NFL 3: Takeshi Chujoh, Goki Yasuda, Naofumi Wada, Takashi Watanabe, Tomoo Yamakage,
"Block-based Adaptive Loop Filter", VCEG-A118, ITU - Telecommunications Standardization Sector
STUDY GROUP 16 Question 6 Video Coding Experts Group (VCEG) 35th Meeting: Berlin, Germany,
16-18 July, 2008 Summary of Invention Technical Problem [0017] However, in the case of a
coding format in which CUs are defined as in HEVC and various processing operations are performed
in units of CUs, it is considered that a macroblock used in AVC corresponds to an LCU, but if |_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, an€d the-efficiency of encoding processing may decrease.
For example, it may become difficult to ensure real-time operation of CABAC. [0018] = Also, the
coding formats suggested in NFL 2 and NPL 3 are not included in the AVC coding format, and
compatibility -8 wiilsthe & PeMimade is notdisetosaeddhereia - [O01 Y r 1 tThe fitesentsdisclosure has
been made in view of these circumstances, and is directed to enhancing encoding efficiency while
suppressingsfBeéieiEsintRe EfiCient§ bof e8Iy pfotesding. Accordingly, an

internal arithmetic error caused in processing such as an
orthogonal transform and motion compensation can be reduced,
and encoding efficiency can be enhanced.

(0014}

Furthermore, a technique in which an FIR filter is
provided in a motion compensation loop has been suggested
(see, for example, NPL 3}). In an encoding apparatus, by
cbtaining an FIR filter coefficient using a Wiener filter so
as to minimize an error with respect to an input image,
degradation in a reference image can be minimized, and
encoding efficiency of image compression information to be
output'can be enhanced.
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Solution to Problem [0020]  According to an aspect of the present disclosure, there is provided an
image processing apparatus. The image processing apparatus includes 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.
[0021] The image processing apparatus may further include a shift processing controller that
performs control, on a coding unit for which the-n@n-eompression 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 - 9 - a coding unit of the image data, the coding
unit being controlied.by the skift ptocessing coRtroker sds to Unaesga e ishift progessing. [0022]
The image processing apparatus may further include a filter processing controller that performs
control, on FEGEHAG HIrfitTor Whidh & BFECGH pres<iorir mode’ has been set by the encoding mode

setter, to skip filter pragessing in,which filieting is perigrmed.on a dacally decored image; a filter

coefficient calculator that calculates a filter coefficient for the filter processing by using image data
corresponding ta Accoding LUnaviichiis gontrodledbydhefilterpracessingcantrotiergo as to undergo
the filter processing; and a filter processor that é)erforms the filter processing in units of blocks, which

are units of°th@ fifst$rolédsing by ishinty e fitdCdoefficient calculated by the filter coefficient

CamUknon[0023hPL 3: Takeshi Chuich, Goki Yasuda, Nacofumi Wada,

Takashi Watanabe, Tomoo Yamakage, "Block-based Adaptive Loop
Filter", VCEG~AILlB, ITU - Telecommunications Standardization
Sector STUDY GROUP 16 Question 6 Video Coding RExperts Group
(VCEG) 35th Meeting: Berlin, Germany, 16-18 July, 2008
Summary of Invention

Technical Problem

[oo17)

However, in the case of a coding format in which CUs
are defined as in HEVC and variocus processing operations are
performed in units of CUs, it is considered that a
macroblock used in AVC corresponds to an LCU, but if 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 decrease. For example, it may become
difficult to ensure real-time operation of CABARC.

[0018]
Also, the ceding formats suggested in NPL 2 and NPL 3

are not included in the AVC coding format, and compatibility



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 to be processed. [0024] The image processing apparatus may further include a - 10 -
filter identification information generator that generates filter identification information in units of the
blocks, 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 decoded image, the adaptive loop filtering being adaptive filter processing using classification
processing. [0026] In a case where an amountsof-€ode of encoded data, which is obtained by
encoding the image data corresponding to a current coding unit as a target of encoding processing, is
smaller than or equal to an amount of input data, which is a data amount of the image data
correspondwig:to threscurrenticoding unit,rthe encodingsmddersettelrmay set an encoding mode of the
current codi[nogotijgi]t to be the non-compression mode. [0027]
The present disclosure has been made in view of these
circumstances, and 1s directed to enhancing encoding
efficiency while suppressing a decrease In the efficiency of
encoding processing.
Sclution to Problem
[0020]
Accerding tc an aspect of the present disclosure, there
is provided an image processing apparatus. The image
processing apparatus includes an encoding mode setter that
sets, i1n units of coding units having a hierarchical
structure, whether a non-compresszion mode 13 to be selected
as an encoding mode for enceding image data, the non-
compressiocn 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.
[CO21]
The image processing apparatus may further include a
shift processing controller that performs control, on a
coding unit for which the non-compression mode has been set
by the enceding 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



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.
[0028] 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]
According to an aspect of the present disclosure, there is provided an image processing method for an
image processing apparatus. The image processigg ethod includes setting, with an encoding mode
setter, 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 madedaiwhichribe inragedatamisputpatas enreded slata; and enpeding, with an encoder,
the image data in units of the coding units in accordance with a set mode. [0030]  According to
another aspett of e pesent discidRtife: tRERSRSFroVIstPa ifhgehroeesdsing apparatus. The image

processing gggggatgsg%luggfﬁn gnggj%iggmogle determiner that determines, in units of coding units

having a hierarchical structure, whether a non-compression mode has been selected as an encoding
mode for enapeling image data, the non-compression mode being an encoding mode in which the - 12
- image data is output as encoded data; and a decoder that decodes the encoding result in units of the
coding units in acEBRIaAEIRitR P RTRLGSteRPRTEd B th&eYicoding mode detedmirfer. [0031]

filter processing controller that performs control, on a
coding unit for which the non-compressicn mode has been set
by the encoding meode setter, to skip filter processing in
which filtering is performed on a locally decoded image; a
filter coefficient calculator that calculates a filter
coefficient for the filter processing by using image data
corresponding to a coding unit which is controlled by the
filter processing controller so as tc undergo the filter
processing; and a filter processor that performs the filter
processing in units of klocks, which are units of the filter
processing, by using the filter coefficient calculated by
the filter coefficient calculator.

[0023]

The £ilter processor may perform the filter processing
cn 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
to be processed.

[0024]

The image processing apparatus may further include a



The image processing apparatus may further include a shift 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 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 processing controller so as
to undergo the shift processing. [0032]  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 processing in which
filtering is performed on a locally decoded image; and a filter processor that performs the filter
processing on the image data in units of blocks, which are units of the filter processing. The filter
processor mayteerfarethe filter ptagessingononly pixgds:ahichbave beepcrealled by the filter
processmg 13 - controller so as to undergo the filter processing, the pixels being included in a

current blo&k wHich 1§'8tatdettd bePProceseERa[03] +0 Thittet probessoranky perform adaptive
loop filtering,on ?191@&?”%%399999&&% thggtggggg%%o%flltermggemtq ada%ve filter processing

using classification processing. [0034] The filter processor m perform the Tilter processing, in a
case wherd filfer-igtentificatiad irformatoniindicatingnhether the fililerprogessingshas been performed
indicates that the filter processing has been performed on image data corresponding to the current
block whicRfs B¥afgettébe processed, only when control is performed by the filter processing
controller s O%%gq perform the filter processing on all pixels included in the current block. [0035]

The encodlng mode determiner may determine whether the non-compression mode has been
selected, on the hasis of identificationsaformatiprindicatingawhetherdhe non-compression mode has

been selected in units of the coding units.
filtering on the locally decoded image, the adaptive loocp
filtering being adaptive filter processing using
classification processing.
[0026]

In a case where an amount of code of encoded data,
which is obtained by encoding the image data corresponding
to a current ceding unit as a target of encoding processing,
is smaller than or egual to an amocunt of input data, which
is a data 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 mode.

[0027]

The image processing apparatus may further include an
input data amount calculator thaif 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.



[0036] According to another aspect of the present disclosure, - 14 - there is provided an image
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 aspect of the present disclosure,
whether a non-compression mode is to be selectet as an encoding mode for encoding image data is
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 [@@diAg units in accordance with a set mode. [0038]  According to another aspect of the
present disclosure, whether a non-compression mode has been selected as an encoding mode for

encoding image dat iSHRSBrArRERUNE 6PEGHRG thikRaving Bnerdrehical&tdtture, the
non-compreggign;pode heing Agencpdingmade in which the image <15 2

identification infermation in units of the coding units, the
identification information indicating whether the non-
compression mode has been set by the encoding mode setter.
[0029]

According to an aspect of the present disclosure, there
is provided an image processing method for an image
processing apparatus. The image preocessing method includes
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 enceding mode for
encoding image data, the non-compression mode belng an
encoding mode in which the image data i1s ocutput as encoded
data; and enceding, with an encoder, the image data in units
of the coding units in accordance with a set mode.

[0030]

According to another aspect of the present disclosure,
there is provided an image processing apparatus. The image
processing apparatus includes an encoding mode determiner
that determines, 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



data is output as encoded data, and the encoded data is decoded in units of the coding units in
accordance with a determined mode. Advantageous Effects of Invention [0039]  According to the
present disclosure, an image can be processed. In particular, encoding efficiency can be enhanced
while suppressing a decrease in the efficiency of encoding processing. Brief Description of Drawings
[0040] [Fig. 1] Fig. 1 is a block diagram illustrating an image encoding apparatus that outputs
image compression information based on an AVC coding format. [Fig. 2] Fig. 2 is a block diagram
illustrating an image decoding apparatus that receives image compression information based on the
AVC coding format. [Fig. 3] Fig. 3 is a diagramzillustrating an example of the type of macroblock.
[Fig. 4] Fig. 4 is a diagram describing an example configuration of coding units. [Fig. 5] Fig. 5is a
diagram describing a method for increasing an amount of bits in internal arithmetic.

image data i1s cutput as encoded data; and a decoder that

dececdes the encoding result in units of the coding units in
accordance with a mode determined by the encoding mode
determiner.

(00311

The image processing apparatus may further include a
shift processing controller that performs control, on a
ceding 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 processing on a coding unit of the
image data, the coding unit being controlled by the shift
processing controller so as to underge the shift processing.
[0032]

The image processing apparatus may further include a
filter processing controller that performs control, on a
coding unit for which the enccding mode determiner has
determined that the non-compressicon 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. The
filter processor may perform the filter processing on only

pixels which have been controlled by the filter processing



[Fig. 6] Fig. 6 is a diagram describing an adaptive loop filter. - 16 - [Fig. 7] Fig. 7 is a block
diagram illustrating a main example configuration of an image encoding apparatus. [Fig. 8] Fig. 8 is
a block diagram illustrating a main example configuration of the lossless encoder, loop filter, and PCM
encoder in Fig. 7. [Fig. 9] Fig. 9 is a block diagram illustrating a main example configuration of the
PCM deciding unit in Fig. B. [Fig. 10] Fig. 10 is a flowchart describing an example of the flow of
encoding processing. [Fig. 11] Fig. 11 is a flowchart describing an example of the flow of PCM
encoding control processing.  [Fig. 12] Fig. 12 is a flowchart describing an example of the flow of
PCM encoding processing. [Fig. 13] Fig. 13 is a flowchart describing an example of the flow of
reference image generation processing. [Fig. 14] Fig. 14 is a flowchart describing an example of

the flow of loop filter processing.
controller so as to undergo the filter processing, the

pixels being included in a current block which is a targst
to be processed.
[G033]

The filter processor may perform adaptive loop
filtering con the lccally decoded image, the adaptive loop
Filtering besing adaptive filter processing using
classificaticn processing.

[0034]

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, conly when control is performed by the filter
processing controller so as to perform the filter processing
on all pixels included in the current block.

[G035]

The encoding mode determiner may determine whether the
non-compression mede has been selected, on the basis of
identification information indicating whether the non-
compression mode has been selected in units of the coding
units.

(0036}

According tc another aspect of the present disclosure,



[Fig. 15] Fig. 15 is a block diagram illustrating a main example configuration of an image decoding
apparatus. [Fig. 16] Fig. 16 is a block diagram illustrating a main example configuration of the
lossless decoder, loop filter, and PCM decoder in Fig. 15. [Fig. 17] Fig. 17 is a flowchart describing
an example of the flow of decoding processing. [Fig. 18] Fig. 18 is a flowchart continued from Fig. 17,
- 17 - describing the example of the flow of decoding processing. [Fig. 19] Fig. 19 is a flowchart
describing an example of the flow of loop filter processing. [Fig. 20] Fig. 20 is a diagram describing
an example of | PCM information. [Fig. 21] Fig. 21 is a block diagram illustrating a main example
configuration of a personal computer. [Fig.-22]4Fig. 22 is a block diagram illustrating a main
example configuration of a television receiver. [Fig. 23] Fig. 23 is a block diagram illustrating a
main example configuration of a mobile phone.

there is provided an image 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 ncon-
compression mode has been selected as an encoding nmede forxr
encoding image data, the non-compression mede being an
encoding mode in which the image data is ocutput as encoded
data; and decoding, with a decoder, the encoded data in
units of the coding units in accordance with a determined
mode.,

(08371

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

[(G038]

According to another aspect of the present disclosure,
whether a non-compression mode has been selected as an
encoding mode for encoding image data is determined in units
of coding units having a hierarchical structure, ths non-

compression mode being an enceding mode in which the image



[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 [0041] Hereinafter, embodiments for carrying out the present technology
(hereinafter referred to as embodiments) will be described. Note that the description will be given in
the following order. 1. First embodiment (image encoding apparatus) 2. Second embodiment (image
decoding apparatus) 3. Third embodiment (personal computer) 4. Fourth embodiment (television
receiver) - 18 - -

- 15 —

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

Advantageous Effects of Invention

[003%]

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

Brief Description of Drawings
[0040]

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

[Fig. 2] Fig. 2 is a block diagram illustrating an
image decoding apparatus that receives image compression
information based on the AVC coding format.

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

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

[Fig. 5] Fig. 5 is a diagram describing a methcod for
increasing an amount of bits in internal arithmetic.

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

leoop filter.



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 outputs 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 accumulation buffer
107. Also, the image encoding apparatus 100 includes a dequantizer 108, an inverse orthogonal
transform unit 109 Fa gontgutitgsunit 119, a daklorkiagfites:d11] afeamednemaryd2; a selector 113,

an intra prediction unit 114, a motion prediction/compensation unit 115, a selector 116, and a rate
controller 1§7a&mple conflguratlon of an image encoding apparatus.

[Fig. 8] Fig. 8 is a block diagram illustrating a main
example configuration of the lossless encoder, loop filter,
and PCM encoder in Fig. 7.

[Fig. 3] Fig. 9 is a block diagram illustrating a main
example configuration of the PCM deciding unit in Fig. 8.

[Fig. 10] Fig. 10 is a flowchart describing an example
of the flow of encoding processing.

[Fig. 11} Fig. 11 is a flowchart describing an example
of the flow of PCM encoding contfol progessing.,

[Fig. 12] rig. 12 is a flowchart describing an example
of the flow of PCM encoding processing.

[Fig. 13] Fig. 13 is a flowchart describing an example
of the flow of reference image generation processing.

[Fig. 14] Fig. 14 is a flowchart describing an example
of the flow of loop filter processing.

[Fig. 15} Fig. 15 is a block diagram illustrating a
main example configuration of an image decoding apparatus.

[Fig. 16! Fig. 16 is a block diagram illustrating a
main example configuraticn cf the lossless decoder, loop
filter, and PCM deccder in Fig. 15.

[Fig. 17] Fig. 17 is a flowchart describing an example

of the flow of decocding processing.

[Fig. i8] Fig. 18 is a flowchart continued from Fig. 17,



[0044] - 19 -

The A/D converter 101 A/D-converts image data input thereto, and outputs the image
data to the screen rearrangement buffer 102 to store the image data therein. The screen

rearrangement buffer 102 rearranges, in accordance with a GOP (Group of Picture) structure, frame
images stored therein which are arranged in a display order so 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. [0045]

The

computing unit 103 subtracts, from an image reatiout from the screen rearrangement buffer 102, a
prediction image supplied from the intra prediction unit 114 or the motion prediction/compensation unit
115 via the selector 116, and outputs difference information thereof to the orthogonal transform unit
104. [0046tescEFori@mpke, éxthweptase 6f ahamagewo e Whielr mtrargogngds $e regperformed, the

computing unit 103 subtracts a prediction image_supplied from the intra prediction unit 114 from an

image read out frbfit Be S€fedtt Frarfahgem@ntbalér't67, ARSI idmple, T ET¥ thse of an image

on

of the flow of loop filter processing.

[Fig. 20] Tig. 20 is a diagram describing an example of
I PCM information.

[Fig. 21] Fig. Z1 is a block diagram illustrating a
main example configuration of a perscnal computer.

[Fig. 22] Fig. 22 is a block diagram illustrating a
main example configuration of a television receiver.

[Fig. 23] Fig. 23 is a block diagram iilustrating a
main example configuration of a mcbile phone.

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

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

Description of Embodiments
[0041]

Hereinafter, embodiments for carrying out the present
technology (hereinafter referred to as embodiments) will be
described. Note that the description will be given in the
fcllowing order.

1. First embodiment (image encoding apparatus)

2. Second embodiment (image decoding apparatus)

3. Third embodiment (personal computer)

4, Fourth embodiment (television receiver)



- 20 - which inter coding is to be performed, the computing unit 103 subtracts a prediction image
supplied from the motion prediction/compensation unit 115 from an image read out from the screen
rearrangement buffer 102..[0047]  The orthogonal transform unit 104 performs an orthogonal
transform, such as the discrete cosine transform or Karhunen-Loeve transform, on the difference
information supplied from the computing unit 103, and supplies a transform coefficient thereof to the
quantizer 105. [0048]  The quantizer 105 quantizes the transform coefficient output from the
orthogonal transform unit 104. The quantizer 105 performs quantization by setting a quantization
parameter on the basis of information about a target value of an amount of code supplied from the rate
controller 117. The quantizer 105 supplies the quantized transform coefficient to the lossless encoder
106. [0049] The lossless encoder 106 performs lossless coding, such as variable-length coding or
arithmetic codings onithétquantized:transformatoeficient:rGdefficient data has been quantized under
control performed by the rate controller 117, and thus the amount of code thereof is equal to (or

approximate to) PtargetvRIEFSaby e rat8 Tontdiier -ZPreraer)

7. Seventh embodiment {camera)
[0042]
<l. First embodiment>
[Image encoding zpparatus compatible with AVC coding format]

Fig. 1 illustrates the configuration of an image
enceding 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.
(00431

An image encoding apparatus 100 illustrated in Fig. 1

- is an apparatus that encocdes an image using a coding format

based on the AVC standard and cutputs the encoded image. As
illuétrated in Fig. 1, the image enceding apparatus 100
includes an A/D converter 101, a screen rearrangement buffer
102, a computing unit 103, an orthogonal transform unit 104,
a guantizer 109%, a lossless encoder 106, and an accumulation
buffer 107. Also, the image encoding apparatus 100 includes
a dequantizer 108, an inverse orthogonal transform unit 109,
a computing unit 110, a deblocking filter 111, a frame
memory 112, a selector 113, an intra prediction unit 114, a
motion predicticon/compensation unit 115, a selector 116, and
a rate controller 117.

[0044]



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 prediction mode, motion
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. Also, information indicating an information mode indicating inter
prediction (inter-screen prediction) will also be referred to as inter prediction mode information. [0051]
The lossless encoder 106 encodes the quantized transform coefficient, and also causes various
pieces of information, such as a filter coefficient, irgtra-prediction mode information, inter prediction
mode information, and a quantization parameter, to be part of header information of encoded data
(multiplexes the various pieces of information). The lossless encoder 106 supplies encoded data which
has been obtainetHbreugh essoding:to thelaecomulation brdferddystodstose the,eacoded data therein.
[0052] For example, in the lossless encoder 106, lossless - 22 -

thereto, and outputs the image data to the screen

rearrangement buffer 102 to store the image data therein.

The screen rearrangement buffer 102 rearranges, in

accordance with a GOP {Group cof Picture) structure, frame

images stored therein which are arranged in a display order

so that the frame images are rearranged in an encoding crder.

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 supplied from the intra prediction unit 114 or the

motion prediction/compensation unit 115 via the selector 116,

and outputs difference information therecof tc the orthogonal

transform unit 104.

[0046]

For example, in the case of an imags on which intra
coding i3 tTo 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. Also, for example, in the case of an image on



coding processing such as variable-length coding or arithmetic coding is performed. An example of
variable-length coding includes CAVLC (Context-Adaptive Variable Length Coding) defined in the
H.264/AVC format. An example of arithmetic coding includes CABAC (Context-Adaptive Binary
Arithmetic Coding). [0053]  The accumulation buffer 107 temporarily holds the encoded data
supplied from the lossless encoder 106, and outputs the encoded data to, for example, a recording
device or a transmission channel in the subsequent stage (not illustrated) at a certain timing, as an
encoded image which has been encoded using the H.264/AVC format. [00541 In addition, the
transform coefficient quantized by the quantizer 105 is also supplied to the dequantizer 108. The
dequantizer 108 dequantizes the quantized transform coefficient using a method corresponding to the
guantization performed by the quantizer 105. The dequantizer 108 supplies the transform coefficient
obtained therelyhtaithesinverse. othbgonal transkerfiamie 09 t0055¢mpuThegnverse orthogonal
transform unit 109 performs inverse orthogonal transform on the transform coefficient supplied thereto

using a mettot SHPESFGTEING tB1RE S 53 rif5gthat tRRSTdith HrétesSity PeffbAfied by the
orthogonal franstarm ypis 104, The eutput obtained threugh the im@% othaganal tegngform

(recovered difference information) is supplied to the computing unit
the screen rearrangement buffer 102.
[0047]

The orthogonal transfcrm unit 104 performs an
crthogoral transform, such as the discrete cosine transform
or Karhunen-Loeve transform, on the difference information
supplied from the computing unit 103, and supplies a
transform ceoefficient therecof to the quantizer 105.

(00481

The quantizer 105 gquantizes the transform coefficient
output from the orthogonal transform unit 104. The
guantizer 105 performs guantization by setting a
guantization parameter on the basis of information about a
target value of an amount of code supplisd from the rate
controller 117. The guantizer 105 supplies the guantized
transform coefficient to the lossless encoder 106.

100491

The lossless encoder 106 performs lossless coding, such
as variable—-length coding or arithmetic coding, on the
guantized transform coefficient. Coefficient data has been
guantized under contr¢l performed by the rate controller 117,
and thus the amount of code thereof is egual to (or

approximate to) a target wvalue set by the rate controller



[0056] The computing unit 110 adds a prediction image supplied from the intra prediction unit 114
or the motion prediction/compensation unit 115 via the selector 116 to the result of inverse orthogonal
transform supplied from the inverse orthogonal transform unit 109, that is, recovered difference
information, and obtains a locally decoded image (decoded image). [0057]  For example, in a 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. Also, for example, in a case where the difference information corresponds to an
image on which inter coding is to be performed, the computing unit 110 adds a prediction image
supplied from the motion prediction/compensation unit 115 to the difference information. [0058] The
result of addition is supplied to the deblocking - 24 - filter 111 or the frame memory 112. [0059]  The
deblocking filter 111 performs deblocking 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 memdty342. Note that the decoded image output from the computing unit 110 can be supplied

e larme memaly v uitboy! Miadhe.denloekind fler 11 FOphis. 51 95tdaq flter grocessing by
the deblocking filter 111 can be skipped. [0

intra prediction and so forth from the intra prediction unit
114, and obtains information indicating an inter predictien
mede, motion vector information, and so forth from the
motion prediction/compensation unit 115, Note that-
information indibating intra prediction {intra-screen
prediction) will alsc be referred to as intra prediction
mode information hereinafter. Alsco, information indicating
an informaticn moede indicating inter prediction {(inter-
screen prediction) will alsc be referred tc as inter
prediction mede information.

[0051]

The lossless encoder 106 encodes the guantized
transform coefficient, and alsc causes varicus pieces of
information, such as a filter cecefficient, intra prediction
mode information, inter prediction mode information, and a
quantization parameter, to be part of header information of
encoded data {multiplexes the various pileces of information).
The lossless encoder 106 supplies sncoded data which has
been obtained through encoding to the accumulation buffer
107 to store the encoded data therein.

[0052]

For example, in the lossless encoder 106, lossless



The frame memory 112 stores the decoded image supplied thereto, and outputs the stored decoded
image as a reference image to the intra prediction unit 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 via the selector 113. Also, for example, in a case where inter coding is to be
performed, the frame memory 112 supplies a reference image to the motion prediction/compensation
unit 115 via the selector 113. [0062] - 25 - In a case where the reference image supplied from the
frame memory 112 is an image on which intra-cogling-is to be 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 113supplies:thedetarence wrngesiodheimotien prediction/s@mpensation unit 115. [0063]
The intra prediction unit 114 performs intra prediction (intra-screen prediction) in which a prediction
image is getierhtate hsihgepiendaliies ot aitargetpictdfe RXBEPrScEssetRFpIkfrom the frame

memory 112 via the selector 113. The in rediction unit 114 performs, intra prediction using a
plaralty of B ired EBaa (e Ao FoduSy TOOBT - 2F i 64 g inormation coding
format, an intias4x 4 predigtionarade.an intkh 8 8 pradistion reede.randan nirante £ 16 prediction
mode are defined for luminance signals. Also, regarding color-difference signals, a prediction mode
independeritfofahat fardtitfin&ree sy nals éad e défidéd forandivtdudl daadrobfodksr Regarding the
intra4 x 4 %:edj&tioqmodg one it;]tra prediction mode is defined for each 4 x 4 luminance block.

) ok etic Coding) .
Regarding the intra

[0053]

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

[0054]

In addition, the transform coefficient gquantized by the
guantizer 105 is also supplied to the deguantizer 108. The
deguantizer 108 dequantirzes the quantized transform
coefficient using a method corresponding to the quantization
performed by the gquantizer 105. The degquantizer 108
supplies the transform coefficlent obtained thereby to the
inverse orthogonal transform unit 109,

[0055]

The inverse crthogonal transform unit 109 performs

inverse orthogonal transfcrm on the transform coefficient

supplied thereto using a method corresponding to the



- 26 - 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 is
defined for one macroblock. [0065]  The intra prediction unit 114 generates prediction images using
all candidate intra prediction modes, evaluates the cost function values of the individual prediction
images using an input image supplied the screen rearrangement buffer 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 to the computing unit 103 and the
computing unit 110 via the selector 116. [0066] Z3Also, as described above, the intra prediction unit
114 supplies information, such as intra prediction mode information indicating the adopted intra
prediction mode, to the lossless encoder 106 as appropriate. [0067]  The motion
prediction/corhpeasatdn tmitEID parformsanstion prediétonintéavprediction) wrsandmhage on which
inter codin%e%s to beperformed, using %1” input image sug)rlje%fr m the scr%en rearran%ement buffer

102 and a retarece hage supplied fféin the Fame emory 112 Via the 27 -7Vers

orthogenal transform (recovered difference information) is
supplied to the computing unit 110.
[0056]

The computing unit 110 adds a prediction image supplied
from the intra prediction unit 114 or-the motion
prediction/compensation unit 115 via the selector 116 to the
result of inverse crthogonal transform supplied from the
inverse orthogonal transform unit 10%, that i1s, recovered
difference information, and cbtains a locally decoded image
{decoded image) .

[D057]

For example, in a 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. Also, for example, in a case where
the difference information correspgonds to an image on which
inter coding is to be performed, the computing unit 110 adds
a prediction image supplied from the moticn
prediction/compensation unit 115 to the difference
information.

[0058]

The result of addition is supplied to the deblocking



selector 113, performs motion compensation processing in accordance with a detected motion vector,
and generates a prediction image (inter prediction image information). The motion
prediction/compensation unit 115 performs such inter prediction using a plurality of prepared modes
(inter prediction modes). [0068]  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 optimal mode. The motion prediction/compensation unit 115
supplies the generated prediction image to the computing unit 103 and the computing unit 110 via the
selector 116. [0069]  Also, the motion predictionfcompensation unit 115 supplies inter prediction
mode information indicating the adopted inter prediction mode and motion vector information indicating
a calculated motion vector to the lossless encoder 106. [0070]  In the case of an image on which
intra codingrisitedye perfosneththe selestar=klka gupplies the output 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 - 28 -
coding is to{l%¢ pBiformed, the selector 116 supplies the output of the motion prediction/compensation

unn115t0theCO@H%“E%%&@&%Qggﬂg%ggagOQ%%mggf%gE%£QJQQZ%Lking 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. ©Note that the decoded image output from the computing
unit 110 can be supplied to the frame memory 112 without wvia
the deblocking filter 111. That is, deblocking filter
processing by the deblocking filter 111 can be skipped.
[0060]

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

[0061]

For example, in the case of an 1lmage on which intra
coding is to be performed, the frame memory 112 supplies a
reference image to the intra prediction unit 114 via the
selector 113. Alsc, for example, in a case where inter
coding is to be performed, the frame memory 112 supplies a
reference image to the motion prediction/compensaticn unit
115 via the selector 113.

[0062]



The rate controller 117 controls the rate of the quantization operation performed by the quantizer 105
on the basis of the compressed mages accumulated in the accumulation buffer 107 so that overflow or
underflow does not occur. [0072] [image decoding apparatus compatible with AVC coding format]

Fig. 2 is a block diagram illustrating a 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 corresponding to the image encoding apparatus 100
illustrated in Fig. 1. [0073] Encoded data whiélt has been encoded by the image encoding
-apparatus 100 is supplied to the image decoding apparatus 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.4007Z4} -2 r Astiliestratédanig. 2 rthedmagesdeeadingappatatus 200 includes
an accumulation buffer 201, a lossless decoder 202, a dequantizer 203, an inverse orthogonal

transform uhit:364 &0 anit o5 BGEhIGEKiNE Ffer 06T a KFedRFedfahfeRfent buffer 207,
and a D/A canverter.208..Also, the ipage geeoding.apparatys 200 ncludes a frame memory 209, a

selector 210, an intra prediction unit 211, a motion prediction/compensation unit 212, and a selector
213.[0075khe 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.
[00&3]

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 tc be
processed supplied from the frame memory 112 via the
selector 113. The intra prediction unit 114 performs intra
prediction using a plurality of prepared modes (intra
prediction medes).

[006&4]

In the H.264 image information coding format, an intra
4 x 4 brediction mode, an intra 8 x 8 prediction mocde, and
an intra 16 x 16 prediction mode are defined for luminance
signals. Also, regarding color-difference signals, a
predicticn mode independent of that for luminance signals
can be defined for individual macroblocks. Regarding the
intra 4 x 4 prediction mode, one intra prediction mode 1is

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



The accumulation buffer 201 accumulates encoded data transmitted thereto. The encoded data has
been encoded by the 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. [0076]  Also, in a case where a
target frame has been intra coded, intra prediction mode information is stored in the header portion of
the encoded data. The lossless decoder 202 also 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, motion vector information is-st@red-in the header portion of the encoded data. The
lossless decoder 202 also - 30 - decodes the motion vector information, and supplies the information
to the motion prediction/compensation unit 212. [0077]  The dequantizer 203 dequantizes coefficient
data (quantized eopfficient) witichnislebtained throughpdesbiding. perfosmediby theflosstess decoder
202, using a method carresponding to the quantization method used by the quantizer 105 illustrated in

Fig. 1. That ¥ tf& GRqtiaitiZer 363 W¥dtantiz85 the qifffEeHDeHiGentising’d methéd similar to
thatusedtyﬂggfk%ﬂgﬂuggﬁé0§ﬂﬁu%@¥§9J@ﬂ%ge}eEEQBiignals, one prediction

mode 1s defined for one macroblock.
[0065]

The intra predicticn unit 114 generates prediction
images using all candidate intra prediction modes, evaluates
the cost function values of the individual prediction images
using an input image supplied the screen rearrangement
buffer 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 tc the computing unit 103 and the computing
unit 110 via the selector 116.

[00686]

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

[3067]

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

reference image supplied frem the frame memeory 112 wvia the



The dequantizer 203 supplies the dequantized 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 coefficient using a method
corresponding to the orthogonal transform method used by the orthogonal transform unit 104
illustrated in Fig. 1 (a method similar to the method used by the inverse orthogonal transform unit 109
illustrated in Fig. 1), and obtains decoded residual data corresponding to residual data before
orthogonal transform is performed by the image encoding apparatus 100. For example, fourth-order
inverse orthogonal transform is performed. - 31 2[0049]  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/compensatiar.anit 24 2Adarthersetector 24300801 1 onl ke compiiting unit 205 adds the
decoded residual data and the prediction image, thereby obtaining decoded image data corresponding
to the imag@ FRRIFARWHiththe FBaRTibrnTste Ras RBEbeEn sttt attaE B3 tRE cBmputing unit 103

e e S 0D PTG 200 gl e e i o e
image supplieditheretos andtsuppliesntherdecaded inage torthesscreepneagangementbuffer 207.
[0082] prediction using a plurality of prepared modes [inter

prediction modes).

[0C68]

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

[0069]

Alsc, the motion prediction/compensation unit 115
supplies inter prediction mede information indicating the
adopted inter prediction mode and motion vector information
indicating a calculated motion vector to the lossless
encoder 106.

[0070]

In the case of an image on which intra coding is to be

performed, the selector 116 supplies the output of the intra

prediction unit 114 toc the computing unit 103 and the

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



The screen rearrangement buffer 207 rearranges images. That 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 - 32 - outputs the image to a display (not illustrates) to
display the image thereon. [0083] The output of the deblocking filter 206 is also supplied to the frame
memory 209. [0084] The frame memory 209, 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 predicton &init 114, the motion prediction/compensation unit
115, and the selector 116 of the image encoding apparatus 100. [0085]

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.

[(co71]

The rate controller 117 controls the rate of the
gquantization operation performed by the guantizer 105 on the
bagis of the compressed images accumulated in the
accumulation buffer 107 so that overflow or underflow does
not occur.

[0072}
[Image decoding apparatus compatible with AVC coding format]

Fig. 2 is a block diagram illustrating a main example
configuration cf an image decoding apparatus that realizes
image compression using an orthogonal transform, such as the
discrete cosine transform or Karhunen-Lceve transform, and
by motion compensation. The image decoding apparatus 200
illustrated in Fig. 2 is a decoding apparatus corresponding
to the image encoding apparatus 100 illustrated in Fig. 1.
[G073]

Encoded data which has been encoded by the image
encoding apparatus 100 is supplied to the image decoding
apparatus 200 corresponding te the image encoding apparatus
100 wvia an arbitrary path, for example, a transmission
channel, a recording medium, or the like, and is decoded.

(00741



The selector 210 reads out 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 prediction/compensation
unit 212. Also, the selector 210 reads out an image to be used for intra prediction from the frame
memory 209, and supplies the image to the intra prediction unit 211. [0086] The intra prediction
unit 211 is supplied with, for example, information indicating an intra prediction mode which has been
obtained by decoding header information from the lossless decoder 202 as appropriate. The intra - 33
- prediction unit 211 generates a prediction image from the reference image obtained from the frame
memory 209 on the basis of the information, and2supplies the generated prediction image to the
selector 213. [0087]  The motion prediction/compensation unit 212 obtains information which has
been obtained by decoding the header information (prediction mode information, motion vector
information, referesceftame:datormationy flgg, variols: parameteiscettipfrorpireresskess decoder
202. [0088%1%%The motion prediction/compensation unit 212 generates a prediction image from the

reference ifAQe-SGERTES frtin B HaME oRP26¢ bnthé bdsis BF e fifoARataR Supplied from
the lossless gdecoder 202, and suppligs the gengrated predistion image fo. thergelectgr;213. [0089]

204, a computing unit 205, & deblocking filter 206, a screen
rearrangement buffer 207, and a D/A converter 208. Alsc,

the image decoding apparatus 200 includes a frame memory 203,
a selector 210, an intra prediction unit 211, a motion
prediction/compensation unit 212, and a selector 213.

[0075]

The accumulation buffer 201 accumulates encoded data
transmitted thereto. The encoded data has been encoded by
the 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.

100761

Also, in a case where a target frame has been intra
coded, intra prediction mode information is stored in the
header portion of the encoded data. The lossless decoder
202 also decodes the intra prediction mode informatlon, and
supplies the information to the intra predicticon unit 211.
In contrast, in a case where & target frame has been inter
coded, motion vecteor information is stored in the header

portion ¢f the encoded data. The lcssless decoder 202 also



The selector 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 to the
computing unit 205. [0090] [Macroblock type] By the way, as disclosed in PTL 1, there is a coding
format in which an encoding mode for encoding and outputting - 34 - image data and a non-encoding
mode for outputting image data without encoding the image data are provided, whether the encoding
mode or the non-encoding mode is to be used is selected in units of macroblocks, and the encoding
mode and the non-encoding mode can be used in combination within a single picture. As disclosed in
PTL 2, also in the AVC coding format, an |_PCM3tntra-block pulse code modulation) mode
(non-compression mode) 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. [0091]  This is used for ensuring
real-time oprratieasofarihmeticceoding processingnin picase whereaguaniizatipa parameter is set to
be a small value, such as QP = 0, and in a case where the information amount of encoded data is

larger than #&EFET HiButimatfes AISS Ys8skeseEodiign/ compensation unit 212.
(00771

The dequantizer 203 dequantizes coefficient data
{guantized coefficient)} which is obtained through decoding
performed by the lossiess decoder 202, using a method
corresponding to the quantization method used by the
quantizer 105 illustrated in Fig. 1. That is, the
deguantizer 203 dequantizes the quantized ceoefficient using
a method similar to that used.by the deguantizer 108
illustrated in Fig. 1.

[0078]

The dequantizer 203 supplies the deguantized
coefficient data, that is, an orthogonal transform
coefficient, tc the inverse orthogonal transform unit 204.
The inverse orthogonal transform unit 204 performs inverse
orthogonal transform on the orthogenal transform coefficient
using a method corresponding to the crthogonal transform
method used by the orthogonal transform unit 104 illustrated
in Fig. 1 (a method similar to the method used by the
inverse orthogonal transform unit 109 illustrated in Fig. 1),
and obtains decoded residual data corresponding to residual
data before orthogonal transform is performed by the image
encoding apparatus 100. For example, fourth-order inverse

orthegenal transform is performed.



can be realized by using the I-PCM mode (non-compression mode). [0092] [Cost function]

Meanwhile, to achieve higher encoding efficiency in the AVC coding format, it is important to select an
appropriate prediction mode. [0093] An example of a selection method is a method which is - 35 -
loaded in reference software of H.264/MPEG-4 AVC called JM (Joint Model), which is released in
http://iphome.hhi.de/suehring/tml/index.htm. [0094]  According to JM, the following two mode
determination methods, that is, High Complexity Mode and Low Complexity Mode, can be selected. In
either of them, cost function values regarding individual prediction modes are calculated, and a
prediction mode with the smallest cost functior value-is selected as an optimal mode for a target block
or macroblock. '

[0078]

The decoded residual data cbtained through inverse
orthogonal transferm is supplied to the computing unit.ZCSL
Alsc, 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 selecteor 213.
[0G80]

The computing unit 205 adds.the decoded residual data
and the prediction image, thereby cohtaining 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 enceding apparatus 100. The computing
unit 205 supplies the decoded image data to the deblocking
filter 20¢.

[0081]

The deblocking filter 206 removes a block distortion of
the decoded image supplied thereto, and supplies the decoded
image to the screen rearrangement buffer 207.

[oog2]

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

supplied from the screen rearrangement buffer 207, and



[0095]  The cost function regarding the High Complexity Mode is expressed by the following
equation (1). [0096] Cost (ModeeO) = D7'. * R(1) [0097]  Here, O 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.represents a Lagrange undetermined multiplier which is given as a function of a
guantization parameter. R represents a total amount of code including an orthogonal transform
coefficient in a case where encoding is - 36 - performed using the mode. [0098]

- 32 -

outputs the image to a display (not illustrates) to display
the image thereon.
[10083]

The output of the deblocking filter 206 is also
supplied to the frame memory 209.

[0084]

The frame memory 209, the selector 210, the intra
prediction unit 211, the motion prediction/cecmpensation unit
212, and the selector 213 respectively correspond to the
frame memory 11Z, the selectecr 113, the intra prediction
unit 114, the motion prediction/compensation unit 113, and
the seléétor 116 of the image encoding apparatus 100.

[0085]
The selector 210 reads cut an image on which inter

. processing is to be performed and a reference image from the
frame memory 208, and supplies the images to the motion
prediction/cempensation unit 212. Also, the selector 210
reads out an image tc be used for intra prediction from the
frame memory 208, and supplies the image to the intra
prediction unit 211.
[008¢6]

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 decoder 202 as appropriate. The intra



That is, to perform encoding using the High Complexity Mode, it is necessary to once perform
preliminary encoding processing using all the candidate modes in order to calculate the parameters D
and R, which involves a larger amount of computation. [0099] The cost function in the Low Complexity
Mode is expressed by the following equation (2). [0100]  Cost (Modee()) = D + QP2Quant(QP) *
HeaderBit(2) [0101] Here, D represents the differential energy between a prediction image and an
input image, unlike in the High Complexity Mode. QP2Quant(QP) is given as a function of a
guantization parameter QP, and HeaderBit represents an amount of code regarding information
belonging to the Header, such as a motion veetog &and mode, not including an orthogonal transform
coefficient. : o

prediction unit 211 generates a prediction image from the
reference image cobtained from the frame memory 209 on the
basis of the informaticn, and supplies the generated
prediction image to the selector 213.

[0087]

The motion prediction/compensation unit 212 obtains
information which has been cbtained by decoding the header
information {(prediction mode information, moticn vector
information, reference frame information, flag, various
parameters, etc.} from the lbssless decoder 202.

[0088]

The motion prediction/compensation unit 212 generates a
prediction image from the reference image optained from the
frame memory 209 on the basis of the information supplied
from the lossless deccder 202, and supplies the generated
prediction image tc the selector 213.

(00891

The selector 213 seslects the predicticn image which has
been generated by the motion prediction/compensaticon unit
212 or the intra predicticn unit 211, and supplies the image
to the computing unit 205.

[0080] |
[Macroblock type]
By the way, as disclosed in PTL 1, there is a coding

format in which an encceding mode for encoding and outputting



[0102] Thatis, in the Low Complexity Mode, it is necessary to perform prediction processing
regarding individual candidate modes, but a decoded image is not necessary, and thus it is not
necessary to perform encoding processing. Thus, the Low - 37 - Complexity Mode can be realized
with an amount of computation smaller than that of the High Complexity Mode. [0103] [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 regions
of an image of each picture which play a role similar to macroblocks in AVC, and are coding units
having a hierarchical structure. The size of a magrpblock is fixed to 16 x 16 pixels, whereas the size of
a CU is not fixed and is specified in image compression information in each sequence. [0105] In
particular, a CU having the largest size is called an LCU (Largest Coding Unit), and a CU having the

smallest sizgnisgealled-an SEULSmaallestLrding Waite For exampledthe-gjzesof thesetegions are
specified in a sequence parameter set (SPS) included in image compression information. The
individual regiome aressmratershapes, anebthe’sizés tisredt are ititedwbssizes ekpressed by a power
of 2. [0106]

enceding mode cr the non-encoding mode is to be used is
selected in units of macroblocks, and the encoding mode and
.the non~encoding mode can be used in combination within a
single picture. As disclesed in PTL 2, alsc in the AVC
coding format, an I_PCM {Intra-block pulse code modulation)
mode {non-compression mode) 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.
[0051]

This is used for ensuring real-time operation of
arithmetic coding processing in a case where a quantization
parameter is set to be a small value, such as QP = 0, and in
a case where the infcormaticn amount of encoded data is
larger than that of an input imagse. Alsc, lossless coding
can be realized by using the I-PCM mode {(non-compression
mode) .

(00823
[Cost function]

Meanwhile, to achieve higher encoding efficiency in the
AVC ceding format, i1t is important to select an appropriate
prediction mode.
rocs3l

An example of a selection method is a method which is



Fig. 4 illustrates an example of coding units defined - 38 - in HEVC. In the example illustrated in Fig.
4, the size of LOU is 128, and the maximum layer depth is 5. When the value of split flag is "1", 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.
[0107] Furthermore, a CU is split 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 orthogonal 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 addition to 4 x 4 and .8 x 8 orthogonal transform. [0108] [TEM]

Meanwhile, NFL 2 suggests a method for increasing internal arithmetic (IBDI (Internal bit depth
increase except frame memory)) illustrated in Fig. 5. In this method, as illustrated in Fig. 5, the bit

depth of dafavisdipgreases ferexampie,fraad bits tg 124t ik guaniization Precessing, lossless
coding processing, dequantization processing, filter processing, prediction processing, lossless

decoding protessindiaitilso fotth performiclbganc in
http://iphome.hhi.de/suehring/tml/index.htm.
[06094]

According to JM, the following two mode deteimination
methods, that is, High Complexity Mode and Low Complexity
Mode, can be selected. In either of them, ccst function
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 block or
macroblock.

[0C95]

The cost function regarding the High Complexity Mode is
expressed by the following eguation {1).

[0C9¢]

Cost (ModeeQ) =D + L * R +=+ (1)
[0097]

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 function of a guantizaticn
parameter. R represents a total amcunt of code including an

orthogonal transform coefficient in a case where encoding is



- 39 - encoding apparatus and a decoding apparatus. Accordingly, an internal arithmetic error in
processing such as orthogonal transform or motion compensation can be decreased, and encoding
efficiency can be enhanced. [0109] [SAL F]  Meanwhile, NFL 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 adaptively performed, as illustrated in Fig. 5. In an encoding
apparatus, the FIR filter coefficient is 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 minimized, and
encoding efficiency of image compression information-to be output can be enhanced. [0110]
[Efficiency of encoding processing]  Meanwhile, in the case of a coding format in which CUs are
defined and various processing operations are performed in units of CUs, as in HEVC, it can be
consideredkeatfa mectoblockyintA¥ CGreatsesponds to an LOU. However, since CUs have a hierarchical
structure as illustrated in Fig. 4, the size of the LOU in the top layer is generally set to be larger than a
macroblockiR%RYe, for example, 128 x 128

That is, to perform encoding using the High Complexity
Mode, it is necessary to once perform preliminary encoding
processing using all the candidate modes in crder to
calculate the parameters D and R, which involves a larger
amount of computation. |
[00gg]

The cost function in the Low Complexity Mode is
expressed by the following equaticen (2).

[01C0]

Cost (Mcdee()} = D + QP2Quant{QP) * HeaderBit -+ (2)
[0101]

Here, D represents the differential energy between a
prediction image and an input image, unlike in the High
Complexity Mode. QPZ2Quant{QP) is given as a function of a
quantization parameter QP, and HeaderBit represents an
amcount of code regarding information belenging to the Header,
such as a motion vector and mode, not including an
orthogeonal transform coefficient.

(0102}

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

not necessary to perform enceding processing. Thus, the Low



- 40 - Pixels. [0111] Therefore, in such a coding format, as in the case of AVC, if the |_PCM mode
is set in units of LCUSs, the unit of processing becomes larger than that in AVC, for example, 128 x 128
pixels. [0112] The mode of intra prediction or inter prediction is determined by calculating and
comparing cost function values, as described above. That is, prediction and encoding are performed
using all the modes, individual cost function values are calculated, an optimal mode is selected, and
encoded data is generated using the optimal mode. [0113] However, when the |_PCM mode is
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 |_PCM mode is selected, all the
processing operations for generating the encoded data of the optimal mode are not necessary. That is,
if the unit of selection control of the IPCM mode becomes large, unnecessary processing operations
further increase: IExdttg, Msdiescahetdahove] ifitis selectedrforracht Gld whether or not the | PCM
mode is to be adopted, the efficiency of encoding processing may further decrease. Thus, for example,
computation smaller than that of the High Complexity Mode.
{0103}
[Coding unit]
Next, description will ke given of coding units, which
are defined in the HEVC coding format described in NPL 1.
[0104]
Ceding units (CUs) are also called coding tree blocks
(CTBs), are partial regions cof an image of sach picture
which play a role similar to macroblocks in AVC, and are
coding units having a hierarchical structure. The size of a
macroblock 1 fixed to 16 x 16 pixels, whereas the size of a
CU is not fixed and is specified in image compression
informaticn in each seguence.
[0103]
In particular, a CU having the largest size is called
an LCU (Largest Coding Unit), and a CU having the smallest
size is called an SCU (Smallest Coding Unit). For example,
the sizes of these regions are specified in a sequence
parameter set (SPFS) included in image compressicn
infermation. The individual regicns are square shaped, and
the sizes thereof are limited to sizes expressed by a power
cf 2.
10106]

Fig. 4 illustrates an example of coding units defined



- 41 - it may become difficult to ensure real-time operation of CABAC. [0114]  Also, the
above-described technologies such as IBDI and BALF are not included in the AVC coding format. In a
case where the | PCM mode is adopted, it is unknown how to control these processing operations.
[0115]  Accordingly, the present embodiment enables more detailed control of selection of the |
PCM mode (non-compression mode), and also enables enhancement of encoding efficiency while
suppressing a decrease in the efficiency of encoding processing. Also, the present embodiment
enables appropriate control of execution of IBDI and BALF according to selection of the |_PCM mode,
and also enables further suppression of a decreasg in the efficiency of encoding processing. [0116]
[Image encoding apparatus]  Fig. 7 is a block diagram illustrating a main example configuration of
an image encoding apparatus. [0117]  The image encoding apparatus 300 illustrated in Fig. 7 is
basically similartvthe image-encoding epparatus:1Q0-Blustrated i, Fig, 1t padsancodes image data. As

LCU is 128, and the maximum layer depth is 5. When the
value of split flag is "1", the CU having a size of 2ZN x 2N
is split into CUs each having a size of N x N in the
immediately lower lavyer.

[0107]

Furthermore, a CU is split into predicticn units (PUs),
each being a region serving as a unit of processing for
intra cr 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
orthogonal transform (partial region c¢f an image of each
pilicture). At present, in HEVC, 16 x 16 and 32 x 32
orthogonal transform can be used in addition to 4 x 4 and 8
x 8 orthogonal transform.

(01081
[IRDI]

Meanwhile, NPL 2 suggests a method for increasing
internal arithmetic (IBDI (Internal bit depth increase
except frame memory)) illustrated in Fig. 5. In this method,
as illustrated in Fig. 5, the bit depth of data is increased,
for example, from 8 bits to 12 bkits, in quantization
processing, lessless coding processing, dequantization
processing, filter processing, prediction processing,

lossless decoding processing, and so forth performed by an



- 42 - illustrated in Fig. 7, the image encoding apparatus 300 includes an A/D converter 301, a screen
rearrangement buffer 302, an adaptive shift-to-left unit 303, a computing unit 304, an orthogonal
transform unit 305, a guantizer 306, a lossless encoder 307, and an accumulation buffer 308. Also, the
image encoding apparatus 300 includes a dequantizer 309, an inverse orthogonal transform unit 310,
a computing unit 311, a loop filter 312, an adaptive shift-to-right unit 313, a frame memory 314, an
adaptive shift-to-left unit 315, a selector 316, an intra prediction unit 317, a motion
prediction/compensation unit 318, a selector 319, and a rate controller 320. [0118] The image
encoding apparatus 300 further includes a PCM encaeder 321. [0119]  The AID converter 301
AID-converts image data input thereto, as in the case of the A/D converter 101. The AID converter 301
supplies the converted image data (digital data) to the screen rearrangement buffer 302 to store the
image datadhereinnfhessseen teanangement buffey 3arearanges, ir aceatdayiog, with a GOP
(Group of Picture) structure, frame images stored therein which are arranged in a display order so that
the frame ifages wETrearranyetlin Eif eAE6EIRG GBE AESiRthe Ta5E°6f fhié screen - 43 -
rearrangement buffer 1 2, The screen rearragj(:gement buffer 3Q§Osupglles the r. rearran e%frame

images to thé ad%%?ve htfjf?o ?ef? tnit3o3" ccred

Orﬁpaélgltlon the screen réarrangement buffer 302
supplies the rearzanged frane magesayse 4o the lasstessencoder 307 and the PCM encoder 321.

(01093
[BALF]

Meanwhile, NPL 3 suggesis a methed in which an FIR
filter is provided in a motion compensation loop and loop
filter ptocessing using the filter (BALF (Block-based
Adaptive Loop Filter)) is adaptively performed, as
illustrated in Fig. 5. In an encoding apparatus, the FIR
filter coefficlient is cbtained 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 minimized,
and encoding efficiency of image compression information to
be output can be enhanced.

[0110]
[Efficiency of encoding processing]

Meanwhile, in the cases of a coding format in which CUs
are defined and various processing operations are performed
in units of CUs, as in HEVC, it can be considered that a
macroblock in AVC corresponds to an LCU. However, since CUs
have a hierarchical structure as illustrated in Fig. 4, the
size of the LCU in the top layer is generally set to be

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



[0121] The adaptive shift-to-left unit 303 is controlled by the PCM encoder 321, shifts image data
which has been read out from the screen rearrangement buffer 302 in the left direction, and increases
the bit depth thereof by a certain number of bits (for example, 4 bits). For 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. As a result of increasing the bit depth in this way, the
accuracy of internal arithmetic in each of processing operations, such as orthogonal transform
processing, quantization processing, lossless coding processing, prediction processing, and so forth
can be increased, and errors can be suppressed.4[§122] Note that the amount of shift to the left
(the amount of bits) is not specified, and may be fixed or variable. - 44 - Also, the shift-to-left
processing may be skipped in accordance with control performed by the PCM encoder 321. [01231
The adaptivei shiftsto-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 output
from the sciéen-fdarrangement buffer 302 is supplied to the computing unit 304). In addition, the

adaptive shift-to-| E éj@étf%(%?é also St%%%llifs the ima%e 1%ata totthe intra_prediction unit 317 and the

motion prediction/compensation-nit 318. J0T2A] 2 The e6mbufing tnit-304 StBTalfs, from the image

supplied franrdhe agdaptive shiftwodef ainits303 @ predictionsimage sypplied from the ingra prediction
unit 317 or the motion prediction/compensation unit 318 via the selector 319, as in the case of the
computing BE®A93S The SsifiputiAg LAig304 bhRIutS differéncé Vifordatiorrterdsf to 18 orthogonal

transform u)gltl%%Sg%é% _

(0112}

The mode of intra prediction or inter prediction is
determined by calculating and comparing cost function wvalues,
as described above. That is, prediction and encoding are
performed using all the modes, individual cost functicn
values are calculated, an cptimal mode is selected, and
encoded data iz generated using the optimal mode.

[01131

However, when the I PCM mecde is adopted, the encoded
data generated using the optimal mode is discarded, and an
input image (non-encecded data) is adepted as an encoding
result. Thus, when the I PCM mode is selected, all the
processing coperations for generating the encoded data of the
optimal mode are not necessary. That ig, if the unit of
selection contrel of the I_PCM mode becomes large,
unnecessary precessing operations further increase, That is,
as described zbove, i1f it is selected fgr each LCU whether
or not the I PCM mode is to be adopted, the efficiency of

encoding processing may further decrease. Thus, for example,



For example, in 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 - 45 - 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 orthogonal transform unit 305 performs an orthogonal transform, such as the
discrete cosine transform or Karhunen-Loeve transform, on the difference information supplied from
the computing unit 304, as in the case of the orthggonal transform unit 104. The method for the
orthogonal transform is not specified. The orthogonal transform unit 305 supplies a transform
coefficient thereof to the quantizer 306. [0127]  The quantizer 306 quantizes the transform

coefficient supplieg kamuthe erthegenaldransfonp.unit 395, as inthe case of the guantizer 105. The
guantizer.306 performs quantization by setting a quantization parameter on the basis of information
about a tar§ébfdlue of an amount of code supplied from the rate controller 320. The method for the
quantization js not specified. The quantizer 306 supplies the quantized transform coefficient to the

lossless ené dér4 07.[0128] The lossless encoder 307 performs lossless coding, such

Also, the above-described technoclogies such as IBRDI and
BALF are not included in the AVC coding format. In a case
where the I PCM mcde is adopted, it is unknown how to
control these processing operations.

[G115]

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

[Cl1i6]
[Image encoding apparatus]

Fig. 7 is a block diagram illustrating a main example
configuration of an image encoding apparatus.
[0117]

The image encecding apparatus 300 illustrated in Fig. 7
is basically similar t¢ the iﬁage encoding apparatus 100

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



- 46 - as variable-length coding or arithmetic coding, on the transform coefficient quantized by the
guantizer 306, as in the case of the lossless encoder 106. Coefficient data has been quantized under
control performed by the rate controller 320, and thus the amount of code thereof is equal to (or
approximate to) a target value set by the rate controller 320. [0129]  Note that, in a case where the
|_PCM mode is selected by the PCM encoder 321, the lossless encoder 307 regards an input image
(non-encoded data) supplied from the screen rearrangement buffer 302 as an encoding result (that is,
encoding is actually skipped). [0130]  Also, the lossless encoder 307 obtains information indicating
the mode of intra prediction and so forth from thetintra prediction unit 317, and obtains information
indicating the mode of inter prediction, motion vector information, and so forth from the motion
prediction/compensation unit 318. Furthermore, the lossless encoder 307 obtains the filter coefficient
used by the loopfilter:332 1f0181Y . "Thelesslessyeneoderd3ikencpdes thes varous pieces of
information, such as a filter coefficient, information - 47 - indicating the mode of intra prediction mode

or inter predRFbII &R PR QAR ZRG0R pafdmetar a8 if 5E Basé ot teTpssissd ehedd&r106, and
causes the yalous,pigges of jafounation 1g.he, part of heades informatian.of gncoged data (multiplexes

the various pieces of information). The lossless encoder 307 supplies encoded data which has been
obtained th3ough encodiig: (inclutling-aonfencodedidatadn the caserof the 1+ PON, made) to the
accumulation buffer 308 to store the encoded data therein. '
lossless encoder 307, and an accumulation buffer 308. Alsco,
the image encoding apparatus 300 includes a degquantizer 3089,
an inverse corthogeonal transform umit 310, a computing unit
311, a loop filter 312, an adaptive shift-te-richt unit 313,
a frame memory 314, an adaptive shift-~to-left unit 315, a
selector 316, an intra prediction unit 317, a motion
prediction/compensation unit 318, a selectcr 319, and a rate
controiler 320.
[0118]
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 1Cl. The A/D
converter 301 supplies the converted image data (digital
data) to the screen rearrangement buffer 302 to store the
image data therein. The screen rearrangement buffer 302
rearranges, in acccerdance with a GOP (Group of Picture)
structure, frame images stored therein which are arranged in

a display order so that the frame images are rearranged in

an encoding order, as in the case of the screen



[0132] For example, in the lossless encoder 307, as in the case of the lossless encoder 106,
lossless coding processing such as variable-length coding or arithmetic coding is performed. An
example of variable-length coding includes CAVLC (Context-Adaptive Variable Length Coding) defined
in the H.264/AVC format. An example of arithmetic coding includes CABAC (Context-Adaptive Binary
Arithmetic Coding). Of course, the lossless encoder 307 may perform encoding using a method other
than these methods. [0133]  The accumulation buffer 308 temporarily holds the encoded data
supplied from the lossless encoder 307 (including non-encoded data in the case of the | PCM mode),
as in the case of the accumulation buffer 107. Thge;accumulation buffer 308 outputs the encoded data
held - 48 - therein to, for example, a recording device (recording medium) or a transmission channel in
the subsequent stage (not illustrated) at a certain timing. [0134]  In addition, the transform

coefficient quantizechbynthe quantizer 306 js alse suppliedta-the-deguantizer 309 fihe dequantizer
309 dequantizes the quantized transform coefficient using a method corresponding to the quantization
performed B thegpahtizer 306, aShihe6ase 6F HeedegaastizerA 08 1 R AEIATE for the
dequantization is not limited as long.as,the method corresponds to the quantization processing
performed 5331 %h%qggn?%g 35§.Lphg%d%e'quantizer 309 supplies the transform coefficient obtained
thereby to theinggrse orthogonal transform unit 310. [0135]

In addition, the screen rearrangement buffer 302
supplies the rearranged frame images also to the lossless
encoder 307 and the PCM encoder 3Z21.

[0121]

The adaptive shift-to-left unit 303 is controlled by
the PCM encoder 321, shifts image data which has been read
cut from the screen rearrangement buffer 302 in the left
direction, and increases the bit depth thereof by a certain
number of bits (for example, 4 bits). Ffor 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. As a
result of increasing the bit depth in this way, the accuracy
of internal arithmetic in each of processing cperations,
such as orthogonal transform processing, quantization
processing, lossless coding processing, prediction
processing, and so forth can be increased, and errors can be
suppressed.

[0122]
Note that the amount of shift tc the left (the amount

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



The inverse orthogonal transform unit 310 performs inverse orthogonal transform on the transform
coefficient supplied from the dequantizer 309 using a method corresponding to the orthogonal
transform processing performed by the orthogonal transform unit 305, as in the case of the inverse
orthogonal transform unit 109. The method for the inverse orthogonal transform is not limited as long
as the method corresponds to the orthogonal transform processing performed by the orthogonal
transform unit 305. The output obtained through the inverse - 49 - orthogonal transform (recovered
difference information) is supplied to the computing unit 311. [0136] The computing unit 311 adds a
prediction image supplied from the intra predictiog unit 317 or the motion prediction/compensation unit
318 via the selector 319 to the result of inverse orthogonal transform supplied from the inverse
orthogonal transform unit 310, that is, recovered difference information, and obtains a locally decoded

image (decaded image) a3 inthe.case of the-cemputipginit 110.J0134L 4 For example, in a case
where the difference information corresponds to an image on which intra coding is to be performed,
the computingrgnit 3t tcadds-a prediction irragecsupplied:framethedHtrarpredietiohainit 317 to the
difference information. Also, for example, in a case where the difference information corresponds to an
image on wh%t?i?w]ter coding is to be performed, the computing unit 311 adds a prediction image

supplied from the-matign predicion/compensation.unit 318 19 she difference.information. [0138] The
result of addition (decoded image) is supplied to the loop filter 312 or the adaptive shift-to-right unit
313.[0139]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 cutput from the screen rearrangement
buffer 302 is supplied to the computing unit 304). 1In
addition, the adaptive shift-to-left unit 303 alsc supplies
the image data to the intra prediction unit 317 and the
motion prediction/compensation unit 318.
(01241
The computing unit 304 subtracts, from the image
supplied from the adaptive shift-to-left unit 303, a
prediction image supplied from the intra predicticn unit 317
or the moction prediction/compensation unit 318 via the
selecter 319, as in the case of the computing unit 1063. The
computing unit 304 outputs difference information thereof to
the orthogonal transform unit 305.
[0125]
For example, in the case of an image cn which intra
coding is to be performed, the computing unit 304 subtracts
a predicticn 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



-50 - The loop filter 312 includes a deblocking 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 loop filter 312 is controlled by the PCM encoder 321, and performs loop
filter processing on the result of the deblocking filter processing (the decoded image from which a
block distortion has been removed) by using a Wiener filter, thereby improving the image quality. Note
that the adaptive loop filter processing may be skigped in accordance with control performed by the
PCM encoder 321. [0140]  Alternatively, the loop filter 312 may perform arbitrary filter processing on
the decoded image. Also, the loop filter 312 may supply a filter coefficient used for filter processing to
the lossless;aneaden3Qz asdaecessasy 150 thatibe filencaefficientisepcedead. [M4d]  The loop
filter 312 supplies the result of filter processing (the decoded image on which filter processing has
been performtéd Sterthecadaptivershiftitotight umege3 sumliNgte that, a5eesetibed above, the
decoded image Qutput from the computing unit 3 be lied to the adaptive shift-to-right unit
315 withoUE G TLG 56 I BTo0 Tharie, HHGE protoeat o by e 1665 Fite) 553 1Ay be skippe
[0142] from the adaptive shift-to-left unit 303.

[0128]

The orthogonal transform unit 305 performs an
orthogonal transform, such as the discrete cosine transform
or Karhunen-Lceve transform, on the difference information
supplied from the computing unit 304, as in the case of the
crthogenal transform unit 104. The method for the
orthogonal transform is not specified. The orthogonal

. transform unit 305 supplies a transform coeffigient thereof
to the guantizer 306.
01271

The quantizer 306 quantizes the transform coefficient
supplied from the corthogonal transform unit 205, as in the
case of the gquantizer 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 contreoller 320. The method for
the gquantization is not specified. The gquantizer 306
supplies the guantized transform coefficient tc the lossless
encoder 307.

[0128]

The lossless encoder 307 performs lossless coding, such



The adaptive shift-to-right unit 313 is controlled by the 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 bits). That is, the adaptive shift-to-right unit
313 shifts, to the right, the image data by the number of bits by which the image data has been shifted
to the left by the adaptive shift-to-left unit 303, so 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 is read out
from the screen rearrangement buffer 302). [0143] For example, the adaptive shift-to-right unit 313
decreases the bit depth of the image data suppliegsfram 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 be decreased. - 52 - [0144]  Note that the amount of shift to the

right (the amsupt: of hitskisiotspecified as lopg asitheamauntayatches 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 t¥ay:béskipped irf Acderdanceawith zoutroly pétermedyitherPGM eneeden321. [0145]

The adaptivteh[shift-to-ri ri%[ unit 313 su %)Iies the image_data on which shift-to-right processing has been
herame hermbry S5 é? 3 c85& Witere tHE prote&singas Skipptd- thEFhage data output

performed to

from the copuuting.unit 311.or thedoop dilter 312.js:sepplied ta $he frame memory 314). [0146]  The

frame memory 314 stores the decoded image supplied thereto, as in the case of the frame memory
112, and ogtputs-thel stored decadedimagetothmradaptivesshifide-leftanrit315 asasteférence image
at a certain timing. [0147] = The adaptive shift-to-left unit 315 is a processing unit similar to the
adaptive shift-toJ&ft TR ,I?gﬁ?)nﬁ%ﬁeﬁ byAHEPCNFeHEod& 35, &hi5robfibtely shifts the image
data (reference-image).readput from the frame memory 314 in the left direction, and increases the bit
depth thereof by a certain number of bits (for example, 4 bits).

[0129]

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

[0130]

Alsc, the lossless encoder 307 obtains information
indicating the mode of intra prediction and so forth from
the intra prediction unit 317, and obtains information
indicating the mode of inter prédiction, motion vector
informaticn, and so forth from the motion
prediction/compensation unit 318. Furthermore, the lossless
encoder 307 obtains the filter coefficient used by the loop
filter 312.

(0131}
The lecssless encoder 307 encodes the various pieces of

information, such as a filter coefficient, information



- 53 -[0148] For example, in a case where the mode is not the |_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-to-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 bits). [0149] 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 image capn he made the same as the bit depth of the input
image, and the reference image can be added to the input image. Also, the accuracy of internal
arithmetic such as prediction processing can be increased, and errors can be suppressed. [0150] In

contrast, for gxampie,-ip the £caseRf the 11 PGM rpodeithedatafan input page is not shifted to the
left by the adaptive shift-to-left unit 303. Thus, the adaptive shiftto-left unit 315 supplies the reference

image readrowtdicnics4 -ahe frarmieanehtery 314 waherseiector 84 6iwitlibet inereasidy the bit depth,

in accordance W'Eh coEtroI performed tiy tehe PCM encoder 321. , _
the lcssless encoder 06, and causes the varicus pieces of

information to be part of header information of encoded data
(muitiplexes the various pieces cof information). The
lossless encoder 307 supplies encoded data which has been
obtained through encoding {including nen-encoded data in the
case of the I PCM mede) to the accumulation buffer 308 to
store the encoded data therein. :

[0132]

For example, in the lossless encoder 307, as in the
case of the lossless encoder 106, lossless coding processing
such as variable-length coding or arithmetic coding is
performed. An example of variable-length coding includes
CAVLC (Cecntext-Adaptive Variable Length Ccding} defined in
the H.264/AVC format. An example of arithmetic coding
includes CABAC (Context-Adaptive Binary Arithmetic Coding).
Of course, the lossless encoder 307 may perform encoding
using a method cother than these methods.

[0133]

The accumulation buffer 308 temporarily holds the
encoded data supplied from the lossless 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



[0151] Inthe case of intra prediction, the selector 316 supplies the reference image supplied from
the adaptive shift-to-left unit 315 to the intra prediction unit 317, as in the case of the selector 113.
Also, 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 medes). The intra prediction unit 317 is also capable of
performing intra prediction using an arbitrary mode other than the modes defined in the AVC coding
format. [0153] The intra prediction unit 317 generates prediction images using all candidate intra
prediction mades;evalbate® = Shathie egstfunetion yathesdefithedndiwdiuual rediction images using
an input image supplied the adaptive shift-to-left unit 303, and selects an optimal mode. After selecting
an optimal T#tfa-prediefort nicde: the At preatio hn%t%f?%uﬁﬁ%ﬂﬁeﬁ?:ecﬁéﬁfﬁ?lmage which has

ts)gleer;t%?réelg fm ltqqlghgrg@g@jal gngodae Eoem{eag%n@%@gémlt 304 and the computing unit 311 via the
[013471

In addition, the transform coefficient quantized by the
quantizer 306 is alsc supplied to the deguantizer 308. The
dequantizer 309 deguantizes the quantized transform
coefficient using a method corresponding to the guantization
performed by the gquantizer 306, as in the case of the
dequantizer 108. The method for the dequantization is not
limited as long as the method corresponds to the
guantization processing performed by the guantizer 306. The
dequantizer 309 supplies the transform coefficient cbtained
thereby to the‘inverse orthegenal transform unit 310.

[0135]

The inverse orthogonal transform unit 310 performs
inverse orthogonal transform on the transform coefficient
supplied from the deguantizer 309 using & method
corresponding to the orthogonal transform processing
performed by the orthogonal transform unit 305, as in the
case of the inverse orthogonal transform unit 108, The
method for the inverse orthogonal transiorm is not limited
as long as the method corresponds to the orthogenal
transform processing performed by the orthcocgonal transform

unit 305. The output obtained through the inverse



Also, as described above, the intra prediction unit 317 supplies information, such as intra prediction
mode information indicating the adopted intra prediction mode, to the lossless encoder 307 as
appropriate, so that the information is encoded. [0155]  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 adaptive shift-to-left unit 303 and a reference image supplied
from the adaptive shift-to-left unit 315 via the selector 316, performs motion compensation processing
in accordance with a detected motion vector, and generates a prediction image (inter prediction image
information). The motion prediction/compensation ¢init 318 performs such inter prediction using a
plurality of prepared modes (inter prediction modes). The motion - 56 - prediction/compensation unit
318 is also capable of performing inter prediction using an arbitrary mode other than the modes

defined in the AYe sogting farmats [156]e c o Thednotian prediction/cpmpensation,unit318 generates
prediction images using all candidate inter prediction modes, evaluates the cost function values of the

individual predisticrsfmbageshand selects am optihabibde. After selecting the optimal inter prediction
mode, the 8%’%r%}frediction/compensation unit 318 supplies the prediction image generated using the
optimal mode 16 the computing unit 304 and the computing unit 311 via the selector 319.

The computing unit 311 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 corthogonal transform supplied from the
inverse orthogonal transform unit 310, that is, recovered
difference information, and cktains a locally decoded image
{decoded image), as in the case of the computing unit 110.
(01371

For example, in a case where the difference information
corresponds to an image on which intra coding is to be
performed, the computing unit 311 adds a prediction image
supplied from the intra prediction unit 317 to the
difference information. Also, for example, in a case where
the difference information corresponds to 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 to the difference
infeormation,

[0138]

The result of additicn (decoded image) is supplied to

the loop filter 312 or the adaptive shift-to-right unit 313.

[G139]



[0157] Also, the motion prediction/compensation unit 318 supplies inter prediction mode information
indicating the adopted inter prediction mode and motion vector information indicating a calculated
motion vector to the lossless encoder 307, so that the information is encoded. [0158]  In the case of
an image on which intra coding is to be performed, the selector 319 supplies the output of the intra _
prediction unit 317 to 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 - 57 - motion prediction/compensation unit 318 to the computing

- 50 =

The loop filter 3212 includes a deblocking filter, an
adaptive lbop 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 decodsd
image, thereby removing a block distortion of the decoded
image. Also, for example, the locp filter 312 is controlled
by the PCM encoder 321, and performs loop filter processing
on the result of the deblocking filter processing (the
decoded image from which a block distorticn has been
removed) by using a Wiener filter, thereby improving the
image quality. Note that the adaptive loop filter
processing may be skipped in accerdance with control
performed by the PCM encoder 321,

[0140]

Alternatively, the loop filter 312 may perform
arbitrary filter preccessing on the decoded image. Alsc, the
loop filter 312 may supply a filter coefficient used for
filter processing to the lossless encoder 307 as necessary,
so that the filter coefficient is encoded.

[014173

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.



unit 304 and the computing unit 311. [0159] The rate controller 320 controls the rate of the
guantization operation performed by the quantizer 306 on the basis of the amount of code of the
encoded data accumulated in the accumulation buffer 308 so that overflow or underflow does not
occur. [0160] Also, the rate controller 320 supplies the amount of code (the amount of generated code)
of the encoded data accumulated in the accumulation buffer 308 to the PCM encoder 321. [0161] The
PCM encoder 321 compares the amount of code supplied from the rate controller 320 with the data
amount of the input image supplied from the screen rearrangement buffer 302, and selects whether or
not the |_PCM mode is to - 51 -

Note that, as described akove, the decoded 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.

[0142]

The adaptive shift-to-right unit 313 is controlled by
the 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
nunber of bits (for example, 4 bits). That is, the adaptive
shift-to-right unit 313 shifts, to the right, the image data
by the number of bits by which the image data has been
shifted to the left by the adaptive shift-to-left unit 303,
80 as to change the bit depth cf the image data to the state
before the image data is shifted to the left {(the state at
the time when the image data is 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 cf image data stored in the frame memory can

be decreased.



be adopted. At this time, the PCM encoder 321 performs selection in units of CUs, which are smaller
than LCUs. That is, the PCM encoder 321 controls whether or not the | 7CM mode is to be adopted in
more detail. [0162]  In accordance with the result of selection, the PCM encoder 321 controls the
operations of the lossless encoder - 58 - 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 a block diagram illustrating a main example
configuration of the lossless encoder 307, the PCM encoder 321, and the loop filter 312 illustrated in
Fig. 7. - 52 ~

[0144]

Note that ithe amount of shift to the right (the amount
of bits) i1s not specifised as long as the amount matches the
amount of shift to the left in the adaptive shift-to-left
unit 3C3. That is, the amount may be fixed or wvariable.
Also, the shift-to-right processing may be skipped in
accordance with contrel 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 performed
to the frame memory 314 (in a case where the processing is
skipped, the image data output from the computing unit 311
or the loop filter 312 is supplied to the frame memory 314).
[0146]

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

[0147]

The adaptive shift-to-left unit 315 is a processing
unit similar to the adaptive shifi-to-left unit 303, is
controlled by the PCM encoder 321, appropriately shifts the
image data (reference image) read out from the frame memory
314 in the left direction, and increases the bit depth

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



[0164] As illustrated in Fig. 8, the lossless encoder 307 includes a NAL (Network Abstraction
Layer) encoder 331 and a CU encoder 332. [0165] The NAL encoder 331 encodes a NAL, for
example, an SPS (Sequence Parameter Set), a 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 is added to CU data, which is an encoded VCL (Video Coding Layer) supplied from the CU
encoder 332 to the accumulation buffer 308. [0166] The CU encoder 332 is controlled by the PCM
encoder 321 (on the basis of an On/Off controlsigral-supplied from the - 59 - PCM encoder 321) and
encodes a VCL. For example, in a case where the | PCM mode is not selected by the PCM encoder
321 (in a case where a control signal representing "On" is supplied from the PCM encoder 321), the
CU encoder 332%ncodes quantized orthogonal transform coefficients of individual CUs. The CU
encoder 332 supplies the pieces of encoded data (CU data) of the individual CUs to the accumulation
buﬁergo&[0167Forfexample, 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-to-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 kits 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 bits).

[0149]

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 kit depth in this way, the bit depth of the reference

image can be made the same as the bit depth of the input

image, and the reference image can be added to the input

image. Also, the accuracy cf internal arithmetic such as

prediction processing can be increased, and errors can be

suppressed.

[G150]

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



Also, for example, in a case where the |_PCM mode is selected by the PCM encoder 321 (in a case
where a control signal representing "Off" is supplied from the PCM encoder 321), the CU encoder 332
supplies input pixel values which are supplied from the screen rearrangement buffer 302 to the
accumulation buffer 308, as an encoding result (CU data). [0168] In addition, the CU encoder 332
also encodes a flag (I_PCM _flag) which indicates whether or not the mode of encoding is the | PCM
mode and which is supplied from the PCM encoder 321, and supplies the encoded 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 filier coefficient, supplied from the loop filter 312, and
supplies the encoded information as CU data to the accumulation buffer 308. - 60 - [0169] The
method for encoding used by the CU encoder 332 is not specified (for example, CABAC, CAVLC, or

the like). ThenNAE-data ard Gl data supplied tadhe agewmulation: butier 308 are combjned together
and accumulated therein. [0170] Note that the PCM encoder 321 actually controls whether or not

the | PCM rhbéekis to Bersélected, hyamingithe amdintaitodeloft@ydodett dataywhich is generated by
encoding, v%i@Mthee CU enc%% r 332, a quantized orthogonal transform coefficient. [0171] Thus, for

example, in"a casrel{\:/vol?eerlé the1” PCM mode is not selected, the encoded data which has been supplied

to the accumgdation buffer 308 is adopted as an encoding result of the quantized orthogonal transform

coefficient of the target CU. Thus, it is only necessary for the CU encode
In the case of intra prediction, the selector 316

supplies the reference image supplied from the adaptive
shift~to-left unit 315 to the intra prediction unit 317, as
in the case of the selector 113. Also, 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, aszs 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 suppliied from the
adaptive shift-to-left unit 315 via the selector 3146. The
intra prediction unit 317 performs intra prediction using a
plurality of prepared modes (intra prediction modes). The
intra predicticn unit 317 is also capable of performing
intra prediction using an arbitrary mode other than the
modes defined in the AVC coding format.

[0153]
The intra prediction unit 317 generates prediction

images using all candidate intra prediction modes, evaluates



332 to encode additional information, such as an |_PCM_flag. [0172] In contrast, for example, in a
case where the |_PCM mode is selected, the CU encoder 332 supplies the input pixel values of the
target CU which are supplied from the screen rearrangement buffer 302 to the accumulation buffer
308, as an encoding result (CU data). Thus, in this case, the encoded data of the target CU which has
been supplied - 61 - (encoded data generated by encoding the quantized orthogonal transform
coefficient) is discarded. That is, all the processing operations regarding generation of the encoded
data are redundant. [0173] As illustrated in Fig. 8, the PCM encoder 321 includes an | PCM flag
generator 341 and a PCM deciding unit 342. - E}.74] The | PCM flag generator 341 generates an |
PCMflagin

the cost functicn 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 cptimal mede to the computing unit 304 and the computing
unit 311 via the selector 3185.

[0154]

Also, as described above, the intra prediction unit 317
supplies information, such as intra prediction mede
information indicating the adopted intra prediction mcde, to
the lossless encoder 307 as appropriate, so that the
information is encoded.

[0155]

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 adaptive shift-to-left unit 303 and a
reference image supplied from the adaptive shift-to-left
unit 315 via the selector 316, performs motion compensation
processing in accordance with a detected metion wvector, and
generates a prediction image {inter prediction image
information}. The motion prediction/cqmpensation unit 318
performs such inter prediction using a plurality of prepared

modes {inter prediction modes). The motion



accordance with a decision made by the PCM deciding unit 342, and decides the value thereof. The |
PCM flag generator 341 _ _ supplies the generated |_PCM_flag to the CU encoder 332 of the lossless
encoder 307. For example, in a case where the PCM deciding unit 342 selects the | PCM mode, the
| PCM_flag generator 341 sets the value of the | PCM_flag to be a value indicating that the | PCM
mode is selected (for example, "1"), and supplies the |_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 |_PCM mode,
the | PCM flag generator 341 sets the value of the | PCM flagto __ _ be a value indicating that the
|_PCM mode is not selected (for example, "0"); angl supplies the |_PCM_flag to the CU encoder 332.
[0175] The PCM deciding unit 342 decides whether or not the - 62 -

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

[0156]

The motion prediction/compensation unit 318 generates
prediction images using all candidate inter prediction modes,
evaluates the cost function values cf the individual
prediction images, and selects an optimal mode. After
selecting the optimal inter prediction mode, the motion
prediction/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]

Also, the motion prediction/compensation unit 318
supplies inter prediction mode information indicating the
adopted inter prediction mecde and motion vector information
indicating a calculated moticn vector to the lcssless
encoder 307, so that the information is encoded,

[0158]

In the case of an image on which intra coding is to be
performed, the selector 319 supplies the cutput of the intra
prediction unit 317 to the computing unit 304 and the
computing unit 311, as in the case of the selector 116. 1In
the case of an image on which inter coding is to be

performed, the selector 319 supplies the output of the



mode of encoding is to be the |_PCM mode. The PCM deciding unit 342 obtains the amount of data of
the input pixel values supplied from the screen rearrangement buffer 302, compares the amount of
data with the amount of generated code supplied from the rate controller 320, and decides whether or
not the | PCM mode is to be selected on the basis of the comparison result. The PCM deciding unit
342 supplies an On/Off control signal representing the selection result to the CU encoder 332 and the |
PCM flag generator _ _ 341, thereby controlling an operation in accordance with the selection result.
[0176] For example, in a case where the amount of data of the input pixel values is larger than the
amount of generated code, the PCM deciding unit 342 does not select the | PCM mode. In this case,
the PCM deciding unit 342 supplies a control signal representing "On" to the CU encoder 332, and
causes the CU encoder 332 to encode the quantized orthogonal transform coefficient. Also, the PCM

deciding unitc342.8upRkes aosinot signat sapresenting < Onl'dodbe 4 RCMflag. gengrator 341, and

causes the | PCM flag _ __ _ generator 341 to generate an I_PCM_flag having a value indicating that
the |_PCM Hivde Bhfotselected) Gorexdmpie, w0t [G177]
[0159]

The rate controcller 320 controls the rate of the
quantization operation performed by the quantizer 306 on the
basis of the amount of code of the encoded data accumulated
in the accumulation buffer 308 so¢ that overflow or underflow
does not occur.

[0160]

Also, the rate controller 320 supplies the amount of
code (the amount of generated code) of the encoded data
accumulétéd in the accumulation buffer 308 to the PCM
encoder 321.

[01€l]

The PCM @ﬁééder 321 compares the amount of code
supplied from the rate controller 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
selecticn in units of CUs, which are smaller than LCUs.
That is, the PCM encoder 321 controls whether cor not the
I_PCM mode is to be adopted in more detail.

[01621
In accordance with the result of selection, the PCM

encoder 321 controls the operations of the lossless encoder



- 63 - In contrast, for example, in a case where the amount of data of the input pixel values is
smaller than or equal to the amount of generated code, the PCM deciding unit 342 selects the | PCM
mode. In this case, the PCM deciding unit 342 supplies a control signal representing "Off" to the CU
encoder 332, and causes the CU encoder 332 to output the input pixel values as an encoding result
(CU data). Also, the PCM deciding unit 342 supplies a control signal representing "Off" to the
|_PCM_flag generator 341, and causes the | PCM flag generator 341 to generate an _ _ | PCM flag
having a value indicating that the | PCM mode is _ _ selected (for example "1"). [0178] The PCM
deciding unit 342 is capable of deciding whether ® net the | PCM mode is to be selected, in units of
CUs of all the sizes (in an arbitrary layer) which are set in a sequence parameter set, as well as LCUs.
Accordingly, for example, processing of suppressing the generation of many bits with a low QP by
using the | 3RCM niedexcap bievexedutéd tn emnits Tf smeller TJs. Thes aheramoant of code (including
the data amount of non-encoded data in the | PCM mode) can be controlled in more detail, and

redundant PRICESSIRy Whith ol8drs inhe | POMIAGEE tAR b educes fe£Fonit 315,

and the loop filter 312.
[0163]
[Lossless encoder, PCM encoder, and loop filter]

Fig. 8 is a block diagram illustrating a main example
configuration of the lossless encoder 3C7, the PCM encoder
321, and the loop filter 312 illustrated in Fig. 7.

[01le4d]

As illustrated in Fig. B8, the lossless encoder 307
includes a NAL (Network Abstraction Layer) encoder 331 and a
CU encoder 33Z.

[0165]

The NAL encoder 331 enccdes a NAL, for example, an 3PS
(Ssqguence Parameter Set), a PPS (Plcture Parameter Set), or
the like, on the basis cof a user instruction, specifications,
or the like input via & user interface (not illustrated)}.
The NAL encoder 331 supplies the encoded NAL (NAL data) to
the accumulation buffer 308, szo that the NAL data is added
to CU data, which is an encoded VCL (Videc Coding Layer)
supplied from the CU enceoder 332 to the accumulation buffer
308.

[(0166]
The CU encoder 332 is controlled by the PCM encoder 321

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



Also, the PCM deciding unit 342 supplies an On/Off - 64 - control signal representing a selection
result 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 IBDI in accordance with the selection result. That is, in a case
where the mode of a target CU is the | 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.
[0180] For example, in a case where the |_PCM mode is not selected, the PCM deciding unit 342
supplies a control signal representing "On" to the adaptive shift-to-left unit 303, the adaptive
shift-to-right unit 313, and the adaptive shift-to-leftanit 315, and causes shift-to-left processing and
shift-to-right processing to be performed, so that the bit precision in internal processing is increased.
[0181] In contrast, for example, in a case where the |_PCM mode is selected, the PCM deciding
unit 342 suppliessa conol Snal sepresenting s Off “wathe adaptisesshiftetplefhunit 393¢ the adaptive
shift-to-right unit 313, and the adaptive shift-to-left unit 315, and causes shift-to-left processing and

shift-to-right poceskiifty foBEMKisHE, sd thak tife bRt précision irihteiidl Breedsing’inot increased.
- 65 - [0182]

in a case where a control signal representing "On" is
supplied from the PCM encoder 321}, the CU encoder 332
enceodes guantized orthogonal transform coefficients of
individual CUs. The CU encoder 332 supplies the pieces of
encoded data {(CU data) cf the individual CUs to the
accumulation buffer 308.

[(01e7]

Also, for example, in a case where the I PCM mode is
selected by the PCM encoder 321 (in a case where a control
signal representing "Off" is supplied from the PCM encoder
321), the CU enceder 332 supplies input pixel values which
are supplied from the screen rearrangsment buffer 302 to the
accumulation buffer 308, as an encoding result {(CU data).
[0168]

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

CU data to the accumulation buffer 308,



In the | PCM mode, input image pixel values 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] Furthermore, the PCM deciding unit
342 supplies the On/Off control signal representing the selection result to the loop filter 312, thereby
controlling adaptive loop filter processing (BALF) in accordance with the selection result. That is, in a
case where the mode of a target CU is the | PCM mode, the PCM deciding unit 342 performs control
so that adaptive loop filter processing is not perfogmed by the loop filter 312. [0184] For example,
in a case where the |_PCM mode is not selected, the PCM deciding unit 342 supplies a control signal
representing "On" to the loop filter 312, so that adaptive loop filter processing is performed. In contrast,
for example; n asgase where the I|_PCM mode is selected, the PCM deciding unit 342 supplies a
control signal representing "Off" to the loop filter 312, so that adaptive loop filter - 66 - processing is
skipped. [0185] T thé HPCMImBdeL sttt agessixelwalbes @e erarsititted 38 inmge compression

information, and thus degradation does_notf occyr. Performing adaptive loop filter processing thereon is
redundant. The Sgﬁféégﬁﬁng %)%ft 3 f%pcaeﬁab(gfé%??éﬁm%gt%ﬁg sﬁ%h ?gguﬁ&gﬁt)pro%%ing by

performing processtag #nthe abayedesepbedananBekne accumulation buffer 308
are combined together and accumulated therein.
({0170}

Note that the PCM encoder 321 actually controls whether
or not the I _PCM mode is to be selected, by using the amount
of code of encoded data which is generated by enceding, with
the CU encoder 332, a guantized orthogonal transform
coefficient.

F01713

Thus, for example, in a case where the I PCM mode 1is
not selected, the encoded data which has been supplied to
the accumulation buffer 308 is adopted as an encoding result
of the quantized orthogonal transform coefficient of the
target CU. Thus, it is only necessary for the CU encoder
332 to encode additional information, such as an I_pPCM flag.
[0172]

In contrast, for example, in a case where the I PCM
mode is selected, the CU encoder 332 supplies the input
pixel values of the target CU which are supplied from the
screen rearrangement buffer 302 to the accumulation buffer
308, as an enceding result (CU data). Thus, in this case,

the encoded data of the target CU which has been supplied



[0186] As illustrated in Fig. 8, the loop filter 312 includes a deblocking filter 351, a pixel sorting unit
352, a filter coefficient calculator 353, and a filtering unit 354. [0187]  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
block distortion. [0188]  Even if a target CU to be processed is processed using the |_PCM mode, it
is not always that the CU adjacent to the target CU has been processed using the |_PCM mode. Thus,
even if the target CU is processed using the |_PCM mode, a block distortion may occur. Thus,
deblocking filter processing is performed regardlegs of whether or not the - 67 - mode of the target CU
is the I|_PCM mode.

(encoded data generated by encoding the quantized orthogonal
transform coefficient) is discarded. That is, all the
processing operations regarding generation of the encoded
data are redundant.

[0173]

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 I PCM flag in
accordance with a decisicn made by the PCM deciding unit 342,
and decides the value thereof. 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 case where the
PCM deciding unit 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 1s selected (for example,
"1"), and supplies the I _PCM flag to the CU encoder 332.
Alsc, for example, for example, in a case where the PCM
deciding unit 342 does not select 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 is not selected
(for example, "0"), and supplies the I PCM flag to the CU
encoder 332,

[0175]

The PCM deciding unit 342 decides whether or not the



[0189] The deblocking filter 351 supplies the result of filter processing (after-deblocking-filter pixel
values) to the pixel sorting unit 352. [0190] The pixel sorting unit 352 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 pixel values on which adaptive loop filter processing is not be to performed, in
accordance with the values of On/Off control signals supplied from the PCM deciding unit 342. [0191]
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 procgssing is to be performed. In contrast, for example, in
a case where a control signal representing "Off" is supplied from the PCM deciding unit 342, the pixel
sorting unit 352 sorts the after-deblockingfilter pixel values of the corresponding CU as pixel values on

which adaptivgdogp filler pracessing is,ngkta-he periefmnesh =68 10492k deciding
unit 342 cbtains the amount of data of the input pixel
values supplied from the screen rearrancement buffer 302,
compares the amount of data with the amount cf generated
code supplied from the rate controller 320, and decides
whether or not the I PCM mode is to be selected on the basis
of the comparison result. The PCM deciding unit 342
supplies an On/Off control signal representing the selection
result to the CU encoder 332 and the I _PCM flag generator
341, thereby contrelling an cperation in accordance with the
selection result.
[0178]

For example, in a case where the amount of data of the
input pixel wvalues i1s larger than the amount of generated
code, the PCM deciding unit 34Z does not select the I PCM
mode. In this case, the PCM deciding unit 342 supplies a
control signal representing "On" to the CU sncoder 332, and
causes the CU encoder 332 to encode the guantized corthogonal
transform coefficient. Alsc, the PCM deciding unit 342
supplies a contrcl signal representing "On" to the
I _PCM_flag generator 341, and causes the I _PCM flag
generatocr 341 to generate an I PCM flag having a value
indicating that the I PCM mode is not selected (for example,
REVALB I

101771



The pixel sorting unit 352 supplies the sorted pixel values of individual pixels (after-deblocking-filter
pixel values) to the filter coefficient calculator 353. [0193]  The filter coefficient calculator 353
calculates, using a Wiener filter, a filter coefficient (FIR filter coefficient) of an adaptive loop filter for the
pixel values on which adaptive loop filter processing is to be performed among the
after-deblocking-filter pixel values supplied thereto, so as to minimize the error with respect to an input
image. That is, the filter coefficient calculator 353 calculates a filter coefficient by excluding pixels
which are to be processed using the |_PCM mode. [0194]  The filter coefficient calculator 353
supplies the after-deblocking-filter pixel values-arid the calculated filter coefficient to the filtering unit
354. [0195] The filtering unit 354 performs, using the filter coefficient supplied thereto, adaptive
loop filter processing on the pixel values which have been sorted as pixel values on which adaptive
loop filter processing di®ta begigricmred.<Ehe filkering: unit 3odesupplies the=pixebvwalues on which filter
processing has been performed and the - 69 - pixel values which have been sorted as pixel values on

which adap’fﬁ%%ﬁﬁ fitfﬁéf? &BE%Siﬁ@'}f?iHoYﬁ)lBéi)e%f%rﬁ%} WAHicH afe afterstiaptivedilter pixel values,
to the adapgls{g Sé}hf&ﬁg:{lgé‘l% L@é‘ﬁ%%%t[«gégglvde, the PCM deciding unit 342

selects the I_PCM mode. In this case, the PCM deciding unit
342 supplies a contrel signal representing "OFff" to the CU
encoder 33Z, and causes the CU enceder 332 to ocutput the
input: pixel values as an -encoding result (CU data). Also,
the PCM deciding unit 342 supplies a control signal
representing "Off" to the I _PCM flag generator 341, and
causes the I PCM flag generator 341 to generate an

I_PCM _flag having a value indicating that the I PCM mode is
selected (for example "17).

[0178]

The PCM deciding unit 342 is capable of deciding
whether or not the I PCM mode is to be selected, in units of
ClUs of all the sizes {(in an arbitrary layer) which are set
in a sequence parameter set, as well as LCUs. Accordingly,
for example, processing 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 amcunt 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 reduced.
(617821

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



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 been performed, for each of certain blocks
which are set independently of CUs. The method for setting the value of the adaptive filter flag is not
specified. [0197] For example, in a case where adaptive loop filter processing has been performed
on some or all of the pixels in a target block to be processed (current block), the adaptive filter flag
may be set to have a value indicating 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 block, the adaptive filter flag may be sgt to have a value indicating that filter processing
has not been performed (for example, "0"). The value of the adaptive filter flag may be set on the
basis of another standard. [0198] The filtering unit 354 supplies the generated adaptive - 70 - filter flag
to the CU eneader332 ofthe lessiess encoder 30%=9e thatdhe mdaptivefilter flag is encoded and is
provided to the decoding side. Note that, in a case where the value of the adaptive filter flag is a value
indicating tifetaiet froéeiddihg tasifdthesh perbimeti(forsamhples "6 providing tietadaptive filter

g € daepdna side. ek lippge (e adeplive JteL Boo s pet BiRYIded g g decoding side).
controlling IBDI in accordance with the selection result.
That is, in a case where the mode cof a target CU is the
I ?2CM mcde, 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.
[¢180]

For example, in a case where the I PCM mode is not
selected, the PCM deciding unit 342 supplies a control
signal representing "Cn" to the adaptive shift-to-left unit
303, the adaptive shift-to-right unit 313, and the adaptive
shift-tec-left unit 315, and causes shift-to-left processing
and shift-to-right processing to be performed, so that the
bit precision in internal processing is increased.

[0181]

In contrast, for example, in a case where the I _PCM
mode i1s 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-left unit 315, and causes shift-to-left
processing and shift-to-right processing to be skipped, so
that the bit precision in internal processing is not

increased.



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 VLC, 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 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
CABAC, the filtering unit 354 supplies the adaptive filter flag to the CU encoder 332 of the lossless
encoder 307 (provides the adaptive filter flag te the decoding side). [0200] This is because, in the case
of VLC, if the amount of - 71 - input information is small, it is possible to realize higher encoding
efficiency, but in the case of CABAC, if the same information is continuously input, the probability at
the time of penfeuning arithmetic coding is biased, and higher encoding efficiency can be realized.
[0201] Furthermore, the filtering unit 354 supplies the filter coefficient used for the adaptive loop
filter processing t6®hé U entdder 332 of thelbsiless ernedder 307,56 thatthe filter coefficient is
encoded antdrggos\gq%crlé ttl_% decgd!ggc%ige. Oszg%l’éPCM drezggjtiri]% unit]a| g Ftl . 9 is a block diagram
illustrating a main éxamp e”conjﬁ%ﬁationb%he dlecu?lng uniit 342 fitistrated irlf‘%ig. 8.
arithmetic errcrs 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
mannar.

[0183]

Furthermore, the PCM deciding unit 342 supplies the
On/0ff control signal representing the selection result to
the loop filter 312, thereby controlling adaptive loop
filter processing (BALF) 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
50 that adaptive loop filter processing is not performed by
the loop filter 312.

[0184]

For example, in a case where the I PCM mode is not
selected, the PCM deciding unit 242 supplies a control
signal representing "Cn" to the loop filter 312, so that
adaptive loop 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 control signal representing

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



[0203] As illustrated in Fig. 9, the PCM deciding unit 342 includes an input data amount calculator
361, a PCM determining unit 362, an encoding controller 363, an adaptive shift controller 364, and a
filter controller 365. [0204]  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 - 72 -
rearrangement buffer 302, and supplies the calculated amount of input data to the PCM determining
unit 362. [0205] The PCM determining unit 362 obtains the amount of generated code (generated
bits) supplied from the rate controller 320, compares the amount of generated code with the amount of
input data supplied from the inputS data amount €élctlator 361, and determines whether or not the
|_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 |_PCM mode is
to be selectedh ddwesREM determipirgiunit 362 supplies the determination result to the encoding
controller 363, the adaptive shift controller 364, and the filter controller 365. [0206] On the basis of
the determihfiBA result supplied from the PCM determining unit 362 (identification information

indicating whether or.not the ﬁ&%&gdg%é@legggg?et@i%go@gg&ggt@ygr 363 supplies an On/Off
control signal to the CU encoder 332 and the | PCM flag generator 341.

transmitted to image compression infeormation, and thus

degradation does not cccur. Performing adaptive loop filter

processing thereon is redundant. The PCM deciding unit 342

is capable of eliminating such redundant processing by

performing processing in the above-described manner.

[0186]

Rs illustrated in Fig. 8, the loop filter 312 includes
a deblocking filter 351, a pixel sorting unit 352, a filter
coefficient calculater 353, and a filtering unit 354.

[0187]

Asg in the case of the deblocking filter 111, the
deblocking filter 351 performs deblocking filter procesgsing
cn a decoded image {(before-deblocking-filter pixel values)
supplied from the computing unit 311, thereby removing a
block distertion.

[0188]

Even if a targst CU to be processed 1s processed using
the I PCM mode, it is not always that the CU adjacent tc the
target CU has been processed using the I PCM mode. Thus,
even 1if the target CU is processed using the I PCM mode, a
block distortion may occur. Thus, deblocking filter

processing is performed regardless of whether or neot the



[0207]

and is also capable of reducing redundant processing when the | PCM mode is selected. [0208]
the basis of the determination result supplied from the PCM determining unit 362 (information
indicating whether or not the | PCM mode is selected), the adaptive shift controller 364 supplies an

Thus, the encoding controller 363 is capable of controlling the mode of encoding in units of
CUs in an arbitrary layer. Accordingly, the encoding controller 363 - 73 - is capable of controlling the
amount of code (including the data amount of non-encoded data in the |_PCM mode) in more detalil,

On

On/Off control signal to the adaptive shift-to-left unit 303, the adaptive shift-to-right unit 313, and the

adaptive shift-to-left unit 315. [0209]

Thus, the adaptive shift controller 364 is capable of

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

[0210]

@ndhedasisef therdeterminaton nesult supplestisom the PCM determining unit 362

(information indicating whether or not the | PCM mode is selected), the filter controller 365 supplies an
On/Off cont?@t@iahal to the pixel sorting unit 352. [0211]

The deblocking filter 351 supplies the result of filter
processing {after-deblocking-filter pixel values) to the
pixel scorting unit 352.

[0190]

The pixel sorting unit 352 scorts 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 pixel values on which adaptive loop
filter processing is not be to performed, in accordance with
the values of On/Off control signals supplied from the PCM
deciding unit 342.

[0191]

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 cn
which adaptive loop filtér processing 1s to be performed.

In contrast, fecr example, in a case where a control signal
representing "Off" is supplied from the PCM deciding unit
342, the pizxel sorting unit 352 sorts the after-deblocking-
filter pixel wvalues of the corresponding CU as pixel values
on which adaptive loop filter processing i1s not tc be

performed.



Thus, the filter controller 365 is capable of - 74 - performing control so that adaptive loop filter
processing is not performed when the |_PCM mode is selected. Accordingly, the filter controller 365 is
capable of reducing redundant processing. [0212]  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
| PCM mode (non-compression mode) 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-effigiency of encoding processing. [0213] [Flow of

encoding processing]

Next, description will be given of the flow of individual processing operations

performed by the above-described image encoding apparatus 300. First, an example of the flow of
- encoding pracessing will be described with reference to the flowchart in Fig. 10. [0214]

The pixei sorting unit 352 supplies the sorted pixel

valueg of individual pixels {(after-deblocking-filter pixel

values)

[0193]

to the filter coefficient calculator 353.

The filter coefficient calculator 353 calculates, using

a Wiener filter, a filter coefficient (FIR filter

coefficient)

of an adaptive locp filter for the pixel values

on which adaptive loop filter processing is to be performed

among the after-deblocking-filter pixel values supplied

thereto,

input image.

8o as to minimize the error with respect to an

That is, the filter coefficient calculator 353

calculates a filter coefficient by excluding pixels which

are to be processed using the I_PCM mcde.

[0184]

The filter coefficient calculatcer 353 supplies the

after-debleocking-filter pixel values and the calculated

filter coefficient to the filtering unit 354.

[0185]

The filtering unit 354 performs, using the filter

coefficient supplied thereto, adaptive loop filter

processing on the pixel values which have been sorted as

pixel wvalues on which adaptive loop filter processing is to

be performed. The filtering unit 354 supplies the pixel

vaiues on which filter processing has been performed and the



In step S301, the A/D converter 301 A/D-converts an input image. In step S302, the screen
rearrangement buffer 302 stores the A/D-converted image therein and rearranges - 75 - pictures from
a display order to an encoding order. [0215] In step 5303, 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 S304, the adaptive shift-to-left unit 315 adaptively performs shift to the left on a
reference image. [0216]  In step 5305, the intra prediction unit 317 performs intra prediction
processing in the intra prediction mode by using the reference image which is shifted to the left in step
5304. In step S306, the motion prediction/compessation unit 318 performs inter motion prediction
processing, in which motion prediction or motion compensation is preformed in the inter prediction
mode, by using the reference image which is shifted to the left in step S304. [0217]  Note that,
actually, theipretessingeaf shifticiy thewit depth ebthexeferencedmiage:toithe left may &e performed
when the reference image is read out from the frame memory 314 in intra prediction processing or
inter motiof RedictiBnrotessing PO PEH]=C S - Be piS367 tthesdlsciof 319 & rmines an optimal

mode on the bagis of the Jodividual cost UNalions WRIED. 1 v21ues, to the
adaptive shift-to-right unit 313.
[0196]

~ 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
been performed, for each of certain blocks which are set
independently §f CU=s. The method for setting the value cf
the adaptive filter flag is not specified.
{0197}

For example, in a case where adaptive loop filter
processing has been performed on scme or all of the pixels
in a target block to be processed (current block), the
adaptive filter flag may be set tc have a value indicating
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
block, the adaptive filter flag may be set to have a value
indicating that filter processing has not been performed
{for example, "0"). The value of the adaptive filter flag
may be set on the basis cof ancther standard.

[0198]

The filtering unit 354 supplies the generated adaptive



- 76 - have been output from the intra prediction unit 317 and 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. [0219]
Also, selection information 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 is selected, the intra prediction unit 317 supplies intra prediction mode
information indicating the optimal intra prediction®ode 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/compensation unit 318 outputs information indicating the optimal inter prediction mode, and
if necessary;.infermatier basedion the eptidd ntéBpredictidre mioues; e thve 4ossiessencoder 307.
Examples of the information based on the optimal inter prediction mode jinclude motion vector

informatiorr flag informidtfor: HhdifitBlente frameSihfdrididion® [625619¢ 7720 1R step S308, the
computing unjf 304 gompules the differepce hetweep fhe image in;which the bit, depth has been shifted

to the left through the processing in step 5303 and the prediction image selected through the
processingtihsstep 538 70 T hehpregictioni meade. is: sup@iedstoi thescomputing nhitc304 via the selector
319 from the motion prediction/compensation unit 318 in a case where inter prediction is to be

performed, B ot iR HRACHSh DA TSR REsE WHEEftla predichidaTig 16 be performed.
[0221] ~ The.amaynt.of gifferenge datads spaller than thatof the %Lgénfﬂéaw&%gata- Thus, the

amount of data can be reducéd compared to a case where an image itself is encoded. [0222]
side may be skipped (the adaptive filter flag is not

provided to the decoding side).
[6199]

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
VLC, the filtering unit 354 skips supply of the adaptive
filter flag (does not provide the adaptive filter flag to
the decoding side). Alsc, for example, in a case where the
value of the adaptive filter flag is a value indicating that
fiiter processing has not beeéen performed (for example, "0")
and where the coding format used by the lossless encoder 307
(CU encoder 332) i1s CABAC, the filtering unit 354 supplies
the adaptive filter flag to the CU encoder 332 of the
lossless encoder 307 (provides the adaptive filter flag to
the decoding side).

[0250]

This 18 because, in the case of VILC, if the amount of



In step 5309, the orthogonal transform unit 305 performs an orthogonal transform on the difference
information generated through the processing in step 5308. Specifically, an orthogonal transform such
as the discrete cosine transform or Karhunen-Loeve transform is performed, and a transform
coefficient is output. [0223] In step S310, the guantizer 306 guantizes the orthogonal transform
coefficient obtained through the processing in step S309. [0224] - 78 - In step S311, the lossless
encoder 307 encodes the transform coefficient quantized through the processing in step S310. That is,
lossless coding such as variable-length coding or arithmetic coding is performed on the difference
image. [0225] The lossless encoder 307 ercodes-a quantization parameter calculated in step S310
and adds the quantization parameter to encoded data. Also, the lossless encoder 307 encodes
information about the mode of the prediction image selected through the processing in step S307, and
adds the informatiairtbctheseneoded dateswhichiis abtainedshy eacadingtheidiferenge=image. That is,
the lossless encoder 307 also encodes the optimal intra prediction mode information supplied from the
intra prediciBAUMTSL 7 of iifbrmationBasetForr fife 6pfimal intef Bfédictidn Bisde atpplied from the

motion prediganicompensafion.unit 318,.and adds fhe informaian.fo;the,encaded data. [0226]
time of performing arithmetic coding is biased, and higher
encoding efficiency can be realized.

[0201]

Furthermore, the filtering unit 354 supplies the filter
coefficient used for the adaptive loop filter processing to
the CU enceder 332 of the lossless encoder 307, so that the
filter coefficient is encoded and provided to the deccding
side.

(02621
[PCM deciding unit]

Fig. 9 is a block diagram illustrating a main example
configuration cf the PCM deciding unit 342 illustrated in
Fig. B.

[0203]

As illustrated in Fig. 8, the PCM deciding unit 342
includes an input data amount calculator 361, a PCM
determining unit 362, an encoeding controller 363, an
adaptive shift controller 364, and a filter controller 365.
[0204]

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



Furthermore, the lossless encoder 307 encodes the filter coefficient and flag information obtained from
the loop filter 312 and adds them to the encoded data. Furthermore, the lossless encoder 307 encodes
NAL data. [0227] In step S312, the accumulation buffer 308 accumulates - 79 - the encoded data
output from the lossless encoder 307. The encoded data accumulated in the accumulation buffer 308
is read out as appropriate, and is transmitted to the decoding side via a transmission channel or a
recording medium. [0228] In step S313, the rate controller 320 calculates the amount of code (the
amount of generated code) of the encoded data accumulated in the accumulation buffer 308 through
the processing in step S312, and controls the ratéfthe quantization operation performed by the
guantizer 306 on the basis of the amount of code so that overflow or underflow does not occur. Also,
the rate controller 320 supplies the amount of generated code to the PCM encoder 321. [0229] In
step S314,tke PGNiencode3ZT perfofins RCN encedihgTdritr| prdcessing Byarsing the amount of
generated code calculated in step S313. In step S315, the lossless encoder 307 performs PCM

encoding proces&iy if'atRordanceiwith contiofl parBrmed By the’PEM encoder 321. [0230]  In

step S316, the gleguantizer 309 to the frame memory 314 perform reference image generation
processing in which the difference information quantized through the processing in step S310 is locally
decoded to genefdte Pfdferericerimagey unit 362 obtains the amount of

generated code (generated bits) supplied from the rate
contreller 320, compares the amount of generated code with
the amount of input data supplied from 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 iz, the PCM determining unit 3¢2Z determines,
for each CU in an arbitrary layer, whether or nct the I PCM
mode 1s to be selected. The PCM determining unit 362
supplies the determination result to the enceding controller
263, the adaptive shift controller 364, and the filter
contreller 365.

[02086]

On the basis of the determination result supplied from
the PCM determining unit 262 {(identification information
indicating whether or not the I_PCM mode is selected), the
encoding controller 363 supplies an On/Cff contrcl signal to
the CU encoder 332 and the I_PCM flag generator 341.

[0207]

Thus, the encoding contrcller 363 is capable of

contrelling the mode of encoding in units of CUg in an

arpitrary layer. Accordingly, the encoeding controller 3€3



- 80 - [0231] After the processing in step 5316 ends, the encoding 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 PCM encoding control processing which is performed
in step 3314 in Fig. 10 will be described with reference to the flowchart in Fig. 11. [0233] After the PCM
encoding control processing starts, in step 5331, the PCM determining unit 362 of the PCM deciding
unit 342 obtains, from the rate controller 320, the amount

- T3 -

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 mode 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 selected}, the adaptive shift
controller 364 supplies an On/Off control signal to the
adaptive shift~to-left unit 3203, the adaptive shift-to-right
unit 313, and the adaptive shift-to~left unit 315.

[0208]

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

[0210]

On the basis of the determination result supplied from
the PCM determining unit 362 (information indicating whether
or not the I PCM mcde i1s selected), the filter controllerx
365 supplies an On/Cff contrel signal to the pixel soriing
unit 35Z2.

[0211]

Thus, the filter controller 3¢5 is capable of



of generated code of the encoded data of the quantized orthogonal transform coefficient of the target
CU. [0234] 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 3333, the PCM determining unit 362
compares the amount of code obtained in step 3331 with the amount of input data calculated in step
3332, and determines whether or not encoding is to be performed using the |_ PCM mode. - 81 -
[0236]

performing control so that adaptive loop filter processing
is not performed when the I PCM mode is selected.
Accordingly, the filter controller 365 is capable of
reducing redundant processing.

[0212]

As described above, the image encoding apparatus 300 is
capable of reducing redundant processing and suppressing a
decrease in the efficiencf of encoding processing. Alsc,
the image encoding apparatus 300 is capable of selecting the
I_PCM meode (non-compression mode) in more detail (in units
cf 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.

(02131
[Flow of encoding processing]

Next, description will be given of the flow of
individual processing operations performed by the above-
described image encoding apparatus 300. First, an example
of the flow of encocding processing will be described with
reference to the flowchart in Fig. 10.

(02143

In step S301, the A/D converter 301 A/D-converts an

input image. In step 35302, the screen rearrangement buffer

302 stores the A/D~converted image therein and rearranges



In step 3334, the |_PCM _flag generator 341 generates an | PCM flag on the basis of an On/Off control
signal which _ _ represents the determination result generated in step 3333 and which is supplied from
the encoding controller 363. [0237] In step 3335, the encoding controller 363 supplies an On/Off
control signal representing the determination result generated in step S333 to the CU encoder 332,
thereby controlling encoding of CU data. [0238] In step S336, the adaptive shift controller 364
supplies an On/Off control signal representing the determination result generated in step 3333 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. [0289] -~ In step S337, the encoding controller 363
supplies an On/Off control signal representing the determination result generated in step 3333 to the
pixel sorting unit 352 of the loop filter 312, thereby controlling adaptive loop filter processing. [0240]
After the processimpintstep 8387 epbisy i fEMto an encoding order.

[0215]

In step 5303, 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 3Z1. In
step $304, the adaptive shift-to-left unit 315 adaptively
performs shift to the left ©on a reference image.

[0216]

In step $305, the intra prediction unit 317 performs
intra predicticon processing in the intra predicticn mode by
using the reference image which is shifted to the left in
step S304. In step S306, the motion prediction/compensation
unit 318 performs inter motion prediction processing, in
which motion prediction or motion compensation is preformed
in the inter prediction mode, by using the reference image
which is shifted to the left in step S304.

(02173

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

[0218]
In step S307, the selector 319 determines an optimal

mode on the basis of the individual cost functions which



- 82 - deciding unit 342 ends the PCM encoding control processing, the processing returns to step
S314 in Fig. 10, and the processing is performed from step 8315. [0241] [Flow of PCM encoding
processing] Next, an example of the flow of the PCM encoding processing which is performed in
step S315 in Fig. 10 will be described with reference to the flowchart in Fig. 12. [0242] After the
PCM encoding processing starts, in step 8351, the CU encoder 332 determines whether or not
encoding is to be performed using the |_PCM mode. In a case where control is performed in the
above-described PCM encoding control processing so that encoding is to be performed using the |
PCM mode, the CU encoder 332 causes the pro@éssing to proceed to step 8352. In step S352, the CU
encoder 332 selects the input pixel values of the target CU as an encoding result. The CU encoder
332 causes the CU data of the target CU in the accumulation buffer 308 to be discarded, and causes
the input pikelealestodhe acturhutatediie the aceunndationt boffen308. [02433nd the

motion prediction/compensation unit 318. That is, the
selector 31% selects any cne of a prediction image generated
by the intra prediction unit 317 and a prediction image
generated by the motion prediction/compensation unit 318.
[0219]

Also, selection information indicating which of the
prediction images has been selected is supplied to, among
the intra predicticn unit 317 and the motion
prediction/compensation unit 318, the cne corresponding to
the selected prediction image. In a case where the
prediction image of the optimal intra predictiocn mode is
selected, the intra prediction unit 317 supplles intra
prediction mode information indicating the optimal intra
prediction mode and so forth to the leossless encoder 307.
In a case where the prediction image of the optimal inter
prediction mode is selected, the motion
prediction/compensation unit 318 cutputs information
indicating the optimal inter prediction mode, and if
necessary, information based on the cptimal inter prediction
mode, to the lossless encoder 307. Ezxamples of the
information based on the optimal inter prediction mode
include motion vecter information, flag information, and
reference frame information.

[0220]



After step 8352 ends, the CU encoder 332 causes the processing to proceed to step S353. On the
other hand, if it is determined in step 8351 that encoding is not to be - 83 -- performed using the
|_PCM mode, the CU encoder 332 causes the processing to proceed to step S353. [0244]  In step
S353, the CU encoder 332 encodes the |_PCM_flag which has been generated in the
above-described PCM encoding control processing, and accumulates the |_PCM_flag in the
accumulation buffer 308. [0245]  After step S353 ends, the CU encoder 332 ends the PCM
encoding processing, the processing returns to step S315 in Fig. 10, and the processing is performed
from step 3316. [0246] [Flow of reference image’generation processing]  Next, an example of the
flow of the reference image generation processing which is performed in step S316 in Fig. 10 will be

described with reference to the flowchart in Fig. 13.
In step 3308, 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 5303 and
the prediction image selected through the processing in step
$307. The prediction image is supplied to the computing

unit 304 via the selector 319 from the motion
prediction/compensation unit 318 in a case where inter
prediction is tc be perfcrmed, and from the intra prediction
unit 317 in a case where intra predicticn is tc be performed.
[0221]

The amount of difference data is smaller than that of
the original image data. Thus, the amount of data can be
reduced compared to a case where an image itself is encoded.
[0222]

In step 3309, the orthcogonal transform unit 305
performs an orthogonal transform on the difference
information generated through the processing in step S$308.
Specifically, an orthogonal transform such as the discrete
cesine transform or Karhunen-Loeve transform is performed,
and a transform coefficient is ouitput.

[0223]

In step S310, the guantizer 306 guantizes the
orthogonal transform coefficient cobtained through the
processing in step S$3009.

[0224)]



[0247]  After the reference image generation processing starts, the adaptive shift-to-left unit 315
determines in step S371 whether or not the | PCM mode is selected on the basis of control performed
by the adaptive shift controller 364. If the | 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 - 84 - is determined that the |_PCM mode is selected, the adaptive shift-to-left unit 315 causes the
processing to proceed to step S372 without performing shift-to-left processing on a reference image.
10248] In step S372, the intra prediction unit 317 performs intra prediction processing using a
reference image in which the bit depth is not shifté8 ta 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. [0249 In step S374, the selector 319 decides
an optimal mode &R té Bast ot the PRIMIATSIETET GRERSITVati®S SHPAEREMHR intra prediction unit

317 and the mation predicliop/sompensation Unit3L8.Thatds, theseleclor 318 selegts any one of a
prediction image generated by the intra prediction unit 317 and a prediction image generated by the
motion predietign/eompensation ugit 3l8ssless coding such as variable-length

coding or arithmetic coding is performed on the difference
image.
[0225]

The lossless encoder 307 encodes a guantization
parameter calculated in step 8310 and adds the guantization
parameter to encoded data. Also, the lossless encoder 307
encodes information about the mode of the prediction image
selected through the processing in step 5307, and adds the
information to the encoded data which is cbtained by
encoding the difference image. That is; the lossless
encoder 307 alsc encodes the optimal intra predicticn mode
information supplied from the intra prediction unit 317 or
information based on the optimal inter prediction mode
supplied from the motion prediction/compensation unit 318,
and adds the informaticn to the encoded data.

[0226]

Furthermore, the lossless encoder 307 enccdes the
filter coefficient and flag information obtained from the
locp filter 312 and adds them to the encoded data.
Furthermore, the lossless enccder 307 encodes.NAL data.

[0227]

In step $312, the accumulation kbuffer 3C8 accumulates



[0250] Also, selection information 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 - 85 - prediction image of the
optimal intra prediction mode is selected, the intra prediction unit 317 supplies intra prediction mode
information 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/compensation unit 318 supplies information indicating the optimal inter prediction mode, and
if necessary, information based on the optimal intéP prediction mode, to the lossless encoder 307.
Examples of the information based on the optimal inter prediction mode include motion vector
information, flag information, and reference frame information. [0251] In a case where the | PCM
mode is selé6rR M BRUFhaAN PNl drithfhetizss Yot MEreaseacTHaEIS? Shift-tdXeft processing

performed on the. reference image by the adaptive shift-to-leff unit 303 is skipped..In.step S375, the
computing it 582%on?pSte%ctﬁ%em&ggrjgeendselégt)\%v%eenat%%ufﬁﬁu %géle?f?ﬁl vf\%(ﬁg %%egbftsdepth is not
shifted to thedeft ane-thespeadiction-image selected throsghdhedquracessingdn step$374. The
prediction image is supplied to the computing unit 304 via the selector 319 from the motion
prediction/cBitiferishtion (it BEBIH Bl CasRARTE Intef predielier & perfafAddand from the intra
prediction -[%géé,lpit 317 in a case where intra prediction is performed. [0252]

In step 5313, the rate contreller 320 calculates the
amount of code {the amount of generated code) of the encoded
data accumilated in the accumulation buffer 308 through the
processing in step 5312, and controls the rate of the
quantization cperation performed by the guantizer 306 on the
basis of the amount of code s0 that overflow or underflow
does not occur. Also, the raté controller 320 supplies the
amount of generated code to the PCM enceder 321.

[0228]

In step 8314, the PCM encoder 321 performs PCM encoding
control precessing by using the amcunt of generated cbde
calculated in step 8313. 1In step S315, the lossless enceder
307 performs PCM encoding processing in accordance with
control performed by the PCM encoder 321.

[0230]

In step S3l6,_the degquantizer 309 to the frame memory
314 perform reference image generation processing in which
the difference information guantized through the processing
in step 85310 is locally decoded to generate a reference

image.



In step S376, the orthogonal transform unit 305 performs an orthogonal transform on the difference
information generated through the processing in step S375. Specifically, an orthogonal transform such
as the discrete cosine transform or Karhunen-Loeve transform is performed, and a transform
coefficient is output. In step S377, the quantizer 306 quantizes the orthogonal transform coefficient
obtained through the processing in step 5376. [0253] After the orthogonal transform coefficient has
been quantized, the quantizer 306 causes the processing to proceed to step 5378, where a reference
image is generated using the orthogonal transform coefficient (data on which shift-to-left processing
has not been performed) quantized in step S377. 8[@254] In contrast, if it is determined in step 5371
that the | PCM mode is not selected, the adaptive shift-to-left unit 315 skips the processing operations
in step 5372 to step S377, and causes the processing to proceed to step 5378. That is, in a case
where the | [Ig@ﬁ\}’l Iode is not selected, a reference image is generated using the orthogonal transform

coefficient (data op-which ghif tPo'SQsJ%r?ﬁSS?Hg bean + 873 Qertprg@eggcoé@ﬂyﬁ]ed in step S310 in
Fig. 10. [02551 In step S378, the dequantizer 309 dequantizes the quantized orthogonal transform

coefficient (atso-refetred terassquantizedicoefficignt) v aeserdanceswitk the chatacteristic
corresponding to the characteristic of the quantizer 306. In step S379, the inverse orthogonal
transform uRR 3T peffofitis nf\%?s@’i?rﬂﬂ}g%naﬂ%h‘éf&ﬂﬂanctﬁé orthogonal transform coefficient
obtained thr, e processing in step S378, in accordance with the characteristic corresponding to
the characteristic of the orthogonal transform unit 305. [02561

[PCM encoding control processing]

Next, an example of the flow of the PCM encoding
control processing which is performed in step 8314 in Fig.
10 will be described with reference to the flowchart in Fig.
i1.

(0233}

After the PCM encoding control processing starts, in
step 8331, the PCM determining unit 362 of the PCM deciding
unit 342 obtains, from the rate controller 320, the amount
of generated code of the encoded data of the guantized
orthegenal transform cecefficient of the target CU.

[0234]

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

[0235]

In step 5333, the PCM determining unit 362 compares the
amount of code cbtained in step 8331 with the amount of
input data calculated in step 5332, and determines whether

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



In step S380, the computing unit 311 adds the prediction image to the locally decoded difference
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 |_PCM mode is selected, the computing unit
311 adds a prediction image on which shiftto-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 shiftto-left processing has not been performed. Also, for example, in a case where the
|_PCM mode is not selected, the computing unit 311 adds a prediction image on which shift- - 88 -
to-left processing has been performed to differen&é inrformation on which shift-to-left processing has
been performed, so as to generate a decoded image on which shiftto-left processing has been
performed. [0257] In step 5381, the loop filter 312 performs loop filter processing on the locally
decoded im&gE3obtained through the processing in step S380 on the basis of control performed by the
filter controller 365, andﬁperforms IOo}E) filter%)rocefsing includintg deblocking filter processing, adaptive

loop filter processifg “af& s6 1oith as Spprapriate 02587 ¢ - fh-Step 5382 The additivalishift-to-right

unit 313 deterpiges whetbgr erpoLthe: LPCM Jnode jsselegtad, aothe;basis ofcoatrol performed by
the adaptive shift Controller 364. If it is determined that the | PCM mode is not selected, the adaptive

shift-to-right enits3k3:¢ausésthéerocessy tonproceeditostep :S8831 [0258]ter B8 dase where the |
PCM mode isQot selected, the decoded_image has unde%%one an increase in_the bit depth in internal

arithmetic. FAts “IW$t8p S383HRs Hfaptit&SHift S0 FiHt Uit £ RAABIVER petforms shift to right on

the bit depth©f the result of filter processing (decoded image) obtained through the loop filter

processing in step
In step 5335, the enceding controller 363 supplies an

On/GEf control signal representing the determination result
generated in step $333 to the CU encoder 332, thereby
controlling encoding of CU data.

[0238]

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 8337, the encecding controller 363 supplies an
On/Off control signal representing the determination result
generated in step 8333 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



- 89 - 3381. After the processing in step 3383 ends, the adaptive shift-to-right unit 313 causes the
processing to proceed to step 3384. [0260] If it is determined in step 3382 that the |_PCM mode is
selected, the adaptive shift-to-right unit 313 causes the processing to proceed to step 3384 without
performing shiftto-right processing. [0261] In step S384, the frame memory 314 stores the decoded
image. After the processing in step 3384 ends, the frame memory 314 ends the reference image
generation processing, the processing returns to step S316 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 S381 in Fig. 13 will = 82 -

deciding unit 342 ends the PCM encoding control processing,
the preocessing returns to step 8314 in Fig. 10, and the
processing is performed from step $315.

[0241)

{Flow of PCM encoding processing]

Next, an example of the flow of the PCM encoding
processing which is performed in step 5315 in Fig. 10 will
be described with reference to the flowchart in Fig. 12.
[0z242]

After the PCM encoding processing starts, in step 8351,
the CU encoder 33Z determines whether or not encoding is to
be performed using the I PCM mode. In a case where control
is 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 procsssing to
proceed to step 35352, In step $352, the CU encoder 332
selects the input pixel values of the target CU as an
encoding result. The CU encoder 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 $352 ends, the CU encoder 332 causes the

processing to proceed to step S353. On the other hand, if

it is determined in step 8351 that encoding iz not to be



be described with reference to the flowchart in Fig. 14. [0263] After the loop filter processing starts, in
step S401, the deblocking filter 351 of the loop filter 312 performs deblocking filter processing on the
decoded image (beforedeblocking-filter pixel values) supplied from the computing unit 311. - 90 -
[0264] In step 3402, the pixel sorting unit 352 sorts the individual pixels of the decoded image on
the basis of whether or not the mode is the | PCM mode, under control performed by the filter
controller 365 of the PCM deciding unit 342. [0265] In step 3403, 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 S404, the filteringg@nit 354 performs adaptive filter processing on the
target pixels to be processed, using the fllter coefficient calculated in

performed using the I PCM mcde, the CU enccder 332 causes
the processing to proceed tco step 5353.
[0244]

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 3353 ends, the CU encocder 332 ends the PCM
encoding processing, the processing returns to step 5315 in
Fig. 10, and the processing is performed from step S316.
[0246]

[Flow of reference image generation processing]

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

[0247]

After the reference image generatlon processing starts,
the adaptive shift~to-left unit 315 determines in step S371
whether or not the I PCM mocde is selected on the basis of
control performed by the adaptive shift controller 364. IFf
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



step 3403. [0266] In step 3405, the filtering unit 354 sets an adaptive filter flag for the target block
to be processed, and supplies the adaptive filter flag and the filter coefficient to the CU encoder 332,
so that the adaptive filter flag and the filter coefficient are encoded. [0267] After the processing in
step 3405 ends, the loop filter 312 ends the loop filter processing, the processing returns to step 3381
in Fig. 13, and the processing is performed from step 3382. - 91 - [0268] By performing the individual
processing operations in the above-described manner, the image encoding apparatus 300 is capable
of enhancing encoding efficiency while
— 84 —_

is determined that the I PCM mode is selected, the adaptive
shift-to-left unit 315 causes the processing to proceed to
step 5372 without performing shift-to-left processing on a
reference image.

[0248]

In step 8372, the intra prediction unit 317 performs
intra prediction processing using a reference image in which
the bit depth is not shifted to the left. In step 5373, the
motion prediction/compensation unit 318 performs inter
motion prediction processing using the reference image in
which the bit depth is not shifted tec the left.

[0245]

In step 8374, the selector 318 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 one of a prediction image generated by the intra
prediction unit 317 and a prediction image generated by the
motion prediction/compensation unit 318,

({02501

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

the selected prediction image. In a case where the



suppressing a decease in the efficiency of encoding processing. [0269] <2. Second embodiment>
[Image decoding apparatus]  Fig. 15 is a block diagram illustrating a main example configuration of
an image decoding apparatus. The image decoding apparatus 500 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. [0270]  The image decoding
apparatus 500 illustrated in Fig. 15 is a decoding apparatus corresponding to the image encoding
apparatus 300 illustrated in Fig. 7. Encoded data which has been encoded by the image encoding
apparatus 300 is supplied to the image decodirg &pparatus 500 via an arbitrary path, for example, a
transmission channel, a recording medium, or the like, and is decoded. [0271]

prediction image of the optimal intra prediction mode is
selected, the intra prediction unit 317 supplies intra
prediction mode informaticon indicating the optimal intra
prediction mode and so forth to the lossless encocder 307.
In a case where the prediction image of the optimal inter
prediction mede is selected, the motiocn
prediction/compensation unit 318 supplies 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 based on the optimal inter prediction mode
include motion vector information, flag information, and
reference frame information.

[0251]

In a case where the I _PCM mode is selected, the bit
depth in internal arithmetic is not increased. That is,
shift-to-left processing performed on the reference image by
the adaptive shift-to-left unit 303 is skipped. In step
5375, the computing unit 304 computes the difference between
the input image in which the bit depth is not shifted to the
left and the prediction image selected through the
processing in step S$374. The prediction image is supplied
to the computing unit 304 via the selector 319 from the
motion prediction/compensation unit 318 in a case where

inter prediction is performed and from the intra prediction



As illustrated in Fig. 15, the image decoding apparatus - 92 - 500 includes an accumulation buffer 501,
a lossless decoder 502, a dequantizer 503, an inverse orthogonal transform unit 504, a computing unit
505, a loop filter 506, an adaptive shift-to-right unit 507, a screen rearrangement buffer 508, and a D/A
converter 509. Also, the image decoding apparatus 500 includes a frame memory 510, an adaptive
shift-to-left unit 511, a selector 512, an intra prediction unit 513, a motion prediction/compensation unit
514, and a selector 515. [0272]  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. Fh& @neoded data has been encoded by the image
encoding apparatus 300. [0274] The lossless decoder 502 reads out encoded data from the
accumulation buffer 501 at a certain timing, and decodes the encoded data using a format
correspondiagito thétoting farasat uded by 1theé fesstessientdder 367 Hrustrated i Fig. 15. At this time,
the lossless decoder 502 supplies the | PCM flag included in the encoded data to the PCM decoder _
516, and d&#sEs the PCM decoder 516 to determine whether or not the mode is the | PCM mode

Gunvconunesgonﬂpog@gp 8376, the crthogonal transform unit 305
performs an corthogenal transform on the differénce
information generated through the processing in step $S375.
Specifically, an orthogonal transform such as the discrete
cosine transform or Karhunen-lLoeve transfdrm is performed,
and a transform coefficlent is cutput. In step $377, the
gquantizer 306 gquantizes the orthogenal transform coefficient
obtained through the processing in step S8376.

[0253]

After the ortheogonal transform coefficient has been
guantized, the gquantizer 306 causes the processing to
proceed to step 3378, where a reference image 18 generated
using the orthogonal transform coefficient (data on which
shift-to-left processing has not been performed) guantized
in step 5377.

[0254]

In contrast, if it i1s determined in step 8371 that the
I PCM mode is not selected, the adaptive shift-to-left unit
315 skips the processing operations in step S372 to step
3377, and causes the processing to proceed to step S378.
That is, in a case where the I PCM mode is not selected, a
reference image 1s generated using the orthogonal transform

coefficient {data on which shift-to-left processing has been



- 93 - [0275] In a case where the mode is the | PCM mode, the CU data obtained from the
accumulation buffer 501 is non-encoded data. Thus, the lossless decoder 502 supplies the CU data to
the dequantizer 503 in accordance with control performed by the PCM decoder 516. [0276] Ina
case where the mode is not the | PCM mode, the CU data obtained from the accumulation buffer 501
is encoded data. Thus, the lossless decoder 502 decodes the CU data in accordance with control
performed by the PCM decoder 516, and supplies a decoding result to the dequantizer 503. [0277]
Note that, for example, in a case where the target CU has been intra-coded, intra prediction mode
information is stored in the header portion of thie 8dcoded data. The lossless decoder 502 also
decodes the intra prediction mode information, and supplies the information to the intra prediction unit
513. On the other hand, in a case where the target CU has been inter-coded, motion vector
informationRhdt S predicio ifcte iform&lfor? atd stated i thd Beader portion of the encoded data.
The lossles dj%xader 502 also decodes the motion vector information and the inter prediction mode
information, and supplies the information to the motion prediction/compensation unit 514. - 94 - [0278]
In step S378, the deguantizer 309 deguantizes the

gquantized orthegonal transform coefficient {(also referred to
as guantized cecefficient) in accordance with the
characteristic corresponding te the characteristic of the
guantizer 306. In step 5379, the inverse orthogonal
transform unit 310 performs inverse orthogonal transform on
the orthogonal transform coefficient obtained through the
processing in step 5378, in accordance with the
characteristic corresponding to the characteristic of the
orthogonal transform unit 305,
£0256] |

In step 3380, the computing unit 311 adds the
prediction image to the locally decoded difference
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 shift-
te-left processing has not been performed to differsnce
information on which shift-to~left processing has not been
performed, sc as to generate a decoded image on which shift-
te-left processing has not been performed. Also, for
example, in a case where the I PCM mode is not selected, the

computing unit 311 adds a prediction image on which shift-



In a case where the mode is not the | PCM mode, the dequantizer 503 dequantizes the coefficient data
(quantized coefficient) supplied from the lossless decoder 502 using a method corresponding to the
guantization method used by the quantizer 306 illustrated in Fig. 7, as in the case of the dequantizer
203. That is, the dequantizer 503 dequantizes the quantized coefficient using a method similar to that
used by the dequantizer 309 illustrated in Fig. 7. The dequantizer 503 supplies the dequantized
coefficient data, that is, the orthogonal transform coefficient, to the inverse orthogonal transform unit
504.[0279] Also, in a case where the mode is the | PCM mode, the dequantizer 503 supplies the
CU data supplied from the lossless decoder 502 fifhage data which is not encoded) to the inverse
orthogonal transform unit 504. [0280] In a case where the mode is not the | PCM mode, the
inverse orthogonal transform unit 504 performs inverse orthogonal transform on the orthogonal
transform céeffieferit SiRG eSmbitod e6rrespBnafigferthecoritfogbnfdl ¢i2815%6rm method used by the
orthogonal Erg@gfonrlgwgi% 305 illggté%te%jig %igt 7_(§erggthod %iénilsalr lo tlﬂ%t u%%ga rlgy the inverse
orthogonal fransform unit 310 illustrated in ig. 9), as in 205 - the case of the inverse orthogonal
transform upi 204:rWith the inverse aftiiegonal transierma Processirg dhevWnyersesarthiegonal transform
unit 504 obtains decoded residual data corresponding to the residual data before orthogonal transform
is performed® ié imageEricotitg hppabPaeR 300, Foreémple, fourth-order inverse orthogonal
transform is r‘JF. rmed. The inverse orthogonal transform unit 504 supplies the decoded residual data
obtained through inverse orthogonal transform to the computing unit 505. [0281]  Also, in a case

where the mode is:the 1 :BCM% snqde;Hbe invgrseiontkagonal transfanm niteQ4 supplies the CU data
supplied from the dequantizer 503 (image data which is not encoded) to the computing unit 505.
[0282] processing on the locally decoded image obtained through the

processing in step S$380 on the basis of control performed by

the filter controller 365, and performs loop filter

processing ilncluding deblocking filter processing, adaptive

loop filter processing, and so forth as appropriate.

[0258]

In step S382, the adaptive-shift-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 is not

seliected, the adaptive shift-to-right unit 313 causes the

processing Lo proceed to step S383.

[0259]

In a 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 $383, the adaptive

shift-to-right unit 313 adaptively performs shift tc right

on the bit depth of the result of filter processing (decoded

image) obtained through the loop filter processing in step



Also, a prediction image is supplied to the computing unit 505 from the intra prediction unit 513 or the
motion prediction/compensation unit 514 via the selector 515. [0283]  In a case where the mode is
not the | PCM mode, the computing unit 505 adds the decoded residual data and the prediction image,
and thereby obtains decoded image data corresponding to the image data before the prediction image
is subtracted by the computing unit 304 of the image encoding apparatus 300, as in the case of the
computing unit - 96 - 205. The computing unit 505 supplies the decoded image data to the loop filter
506. [0284] In a case where the mode is the | PCM mode, the computing unit 505 supplies the Cu
data supplied from the inverse orthogonal transfo#fh unit 504 (image data which is not encoded) to the
loop filter 506. In this case, the Cu data is not residual information, and thus addition to the prediction
image is not necessary. [0285]  The loop filter 506 performs loop filter processing including
deblocking fikér proééssitig tagapthcdpifiteriprotessing? 88 tivalike, dirthederddee image supplied

from the co Ing. unit 505,as appr te, under control performed by the PCM decoder 516. [0286]
More speci%l%%—tgﬁg Ic%p? |I1feru gg ng[grr%ésugeeﬁlo%%%gpﬁl};%?epsfgég si%ﬁ simitar fa(()gi1 tr%f performed by
the deblocking filtes2@6 on the decoded image, thereby removing a block distortion of the decoded

image. Also, the loop filter 506 performs loop filter processing using a Wiener filter on the result of the

deblocking fiftéPpfocessing (decoded image from which a block distortion has been removed) in
accordance with ggntrql performed By the PGM.decoder16, terehy,Improving image guality.
selected, the adaptive shifit-to-right unit 313 causes the
processing to proceed to step 5384 without performing shift—
to-right processing. |
[0261]

In step 8384, the frame memory 314 stores the decoded
image. After the processing in step 5384 ends, the frame
memory 314 ends the reference image generation proccessing,
the processing returns toe step S316 in Fig. 10, and the
encoding processing ends.
£0262]

[Flow of leoop 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 locop filter processing starts, in step 5401,
the deblocking filter 351 of the loop filter 312 performs
deblocking filter processing on the decoded image (before-
deblocking-filter pixel wvalues) supplied from the computing

unit 311.



- 97 -[0287)  Alternatively, 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 coefficient
supplied from the image encoding apparatus 300 illustrated in Fig. 7. [0288] The loop filter 506
supplies the result of filter processing (the decoded image on which filter processing has been
performed) to the adaptive shift-to-right unit 507. [0289] The adaptive shift-to-right unit 507 is a
processing unit similar to the adaptive shift-to-right unit 313 (Fig. 7), and is controlled by the PCM
decoder 516. In a case where the mode is not the | PCM mode, the adaptive shift-toright unit 507
shifts the decoded image data supplied from the 186p-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 bits to 8 bits. That is, the adaptive shift-to-right unit 507 shifts the decoded image data to the
right by the h@&fl#er of bits by which the image data has been shifted to the left in the image encoding
apparatus 300, so_as to change the hit depth of the image data to tg state where shift to the left has
not been performezd1 (tﬁgeﬁaFeggé the" ir%epWHS%L the lfr%f'zlg% Y88t da g i€ 658 ot from the screen
rearrangementbyHern3024kig179). d028QL decoded image on the basis of

whether or not the mode is the I PCM mode, under control
performed by the filter controller 365 of the PCM deciding
unit 342.

[02653]

In step 5403, the filter coefficient calculator 353
calculates a filter coefficient for the pixels which have
been sorted to underge 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 coefficient calculated in
step S403.

[0266]

In step 5405, the filtering unit 354 sets an adaptive
filter flag for the target block to be processed, and
supplies the adaptive filter flag and the filter coefficient
to the CU encoder 332, so that the adaptive filter flag and

- the filter coefficient are encoded.
(02¢e7)

After the processing in step 5405 ends, the loop filter
312 ends the loop filter processing, the processing returns
to step 8381 in Fig. 13, and the processing is performed

from step 8382,



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 amount of shift to the right (the amount of bits) is not specified as long as the amount is the same
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 variable. For example, the amount of shift may be predetermined
(shared in advance between the image encoding apparatus 300 and the image decoding apparatus
500), or the image decoding apparatus 500 may be allowed to calculate the amount of shift in the
image encoding apparatus 300, or information-inditating the amount of shift may be provided from the
image encoding apparatus 300. [0292] Alternatively, the shift-to-right processing may be skipped in
accordance with control performed by the PCM decoder 516. For example, in the case of the |_PCM
mode, image’d&fdl does not undergo shift-to-left processing in the - 99 - image encoding apparatus

300. Therefore, irgthis ca§e the ad%pltive s%}ift-to-ri t unit 507 is controlled PY the PCM decoder 516,
Ir o 1 ons

and supplies the &cbde ?riﬁgjgze}gda a sup?) @qu‘%um th&&ﬁﬁﬁéP@Oﬁﬁﬁe screenl?learrangement

buffer 508 ang the, Bameinernon: § 1R without shifting-the desededimaga.gatadnthesight direction.
[0293] The screen rearrangement buffer 508 rearranges images, as in the case of the screen

rearrangenieht Bl 20 70 Trathis thérfearnes oshiol halé seenrsarrdnided in an encoding order by
the screen rearrangement bu%;r 302 iIIustraCtgg in %% 1 are rear}ga%%eg}@ the original display order.

The screensr%%%)range%ngntabu er 508 sﬁﬁplles the décoded %fmgge ata ot mdividual frames to the D/A

converter 5094adle ofiginal display order. [0294]
[0269]
<Z2. Second embodiment>
[Image decoding apparatus]

Fig. 15 is a block diagram illustrating a main example
configuration of an image deccding apparatus. The image
decoding apparatus 500 illustrated in Fig. 15 is an
apparatus which is basically similar to the image decoding
apparatus 200 illustrated in Fig. 2, and decodes encocded
data which is generated by encoding image data.

(02701

The image deceding apparatus 500 illustrated in Fig. 15
is a decoding apparatus corresponding tc the image encoding
apparatus 300 illustrated in ¥Fig. 7. Encoded data which has
been encoded by the image encoding apparatus 300 is supplied
to the image decoding apparatus 500 via an arbitrary path,
for example, a transmission channel, a recording medium, or
the like, and is decoded.

[0271]

As illustrated in Fig. 15, the image decoding apparatus



The D/A converter 509 0/A-converts the frame images supplied from the screen rearrangement buffer
508, and outputs the frame images to a display (not illustrated) so that the frame images are
displayed, as in the case of the D/A convertor 208. [0295]  The frame memory 510 stores the
decoded image supplied from the adaptive shift-to-right unit 507, and supplies the stored decoded
image as a reference image to the adaptive - 100 - shift-to-left unit 511 at a certain timing. [0296]
The adaptive shift-to-left unit 511 is a processing unit similar to the adaptive shift-to-left unit 315, is
controlled by the PCM decoder 516, shifts the image data (reference image) read out from the frame
memory 510 in the left direction as appropriate; a#d 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
|_PCM mode, the decoded image data supplied from the inverse orthogonal transform unit 504 to the
computing &4if 50843 g esdatacehich Ivdsibeeh shiftad @lthe leftinthé smagéssinsbing apparatus

300 (for ex le, the bit depth is 12 hits). Thus, the adaptive shift-to-left unit 511 increases the bit
depth of thgjr:&e éreanc?ieel u&é% which ?1%1% ‘béen rlehzi;rci9 6t frg%t?r‘]%gﬁgr%}é rg]é?ﬁ}osr?/qbrfb B? jagcertain

number of bitss(forexample.ingraases thedit depifrond bids te 42, bits) inageordance with control
performed by the PCM decoder 516. [0298]  Then, the adaptive shift-to-left unit 511 supplies the
image data gnwhickesHifttbtefprocéSdingth s Been perforhrade he sdwdde512°%As a result of

increasing the pit dgpith in this way, thebit depth of the reference imags can be made the same as the
bit depth of the decoded

500 includes a frame memory 510, an adaptive shift-to-left
unit 511, a selector 512, an intra prediction unit 513, a
motion predicfion/compensation unit 514, and a selector 315.
[0272] |

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

[0273]

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

[0274)

The lossless decocder 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 encocder 307 illustrated in Fig.
15, At this time, the lossless decoder 502 supplies the
I PCM_flag included in the encoded data to the PCM decoder
516, and causes the PCM decoder 516 to determine whether or

not the mode is the I PCM mode {(non-compression mode) .



- 101 - image, so that the reference image can be added to the decoded image Also, the accuracy of
internal arithmetic such as prediction processing can be increased, and errors can be suppressed.
[0299] On the other hand, for example, in a case where the mode is the | PCM mode, the decoded
image data supplied from the inverse orthogonal transform unit 504 to the computing unit 505 is image
data on which shift-to-left processing has not been performed in the image encoding apparatus 300
(for example, the bit depth is 8 bits). Thus, the adaptive shift-to-left unit 511 supplies the reference
image read out from the frame memory 510 to the selector 512 without increasing the bit depth in
accordance with control performed by the PCM-d&goder 156. [0300]  In the case of intra prediction,
the selector 512 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 of inter prediction, the selector 512 supplies
the reference’itiage supplied from the adaptive shift-to-left unit 511 to the motion

prediction/compensation unit 514. [030Q1] The intra prediction unit 513 is supplied with - 102 -
information indica%iﬂgathg?ﬁt?a %?éa i%ti%ﬂ@m%agfewhlgcht &s beer obiaimed @Pﬁeggd%%%eader

information and sadarth fram4he lasslass decodsr 532 asrappropriate.chhe itk prediction unit 513
performs intra prediction using the reference image obtained from the frame memory 510 using the

intra predictigrr mod&used by thelintralpredicivredait 3177 apdryenerates a piEdidtion image. That is,

the intra prediction unit 513 is also capable of performing intra prediction ysing an arbitrary mode other
o Tt Batpined

than the modes definedin the AVE ¢ mﬁr}fograr%céf’, 8 iftra prgﬁféﬁﬁﬁ uni rme

by the PCM decoder 516.
10276}

In a case where the mode is not the I_PCM mode, ﬁhe Ccu
data obtained from the accumulation buffer 501 is encoded
data. Thus, the lcssless decoder 502 deccdes the CU data in
accordance with control performed by the PCM decoder 516,
and supplies a decoding result to the dequantizer 503.

[0277]

Note that, for example, in a case where the target CU
has been intra-coded, intra prediction mode information is
stored in the header portion cof the encoded data. The
lossless decoder 302 also decodes the intra prediction mode
informaticn, and supplies the information to the intra
prediction unit 513. On the other hand, in a case where the
target CU has been inter-coded, mction 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 information, and supplies the information to

the motion prediction/compensation unit 514.



[0302] The intra prediction unit 513 supplies the generated prediction image to the selector 515.
[0303] The motion prediction/compensation unit 514 is supplied with information obtained by
decoding header information (prediction mode 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 - 103 - a prediction image. That is, the motion prediction/compensation
unit 514 is also capable of performing intra predidn-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
[0278]

In a case where the mode is not the I_PCM mode, tﬁe
dequantizer 503 degquantizes the coefficient data (guantized
coefficient) supplied from the lossless decoder 502 using a
method corresponding te the guantization method used by the
gquantizer 306 illustrated in Fig. 7, as in the case of the
dequantizer 203. That is, the deguantizer 503 deguantizes
the quantized coefficient using a methoed similar to that
used by the dequantizer 309 illustrated in Fig. 7. The
degquantizer 503 supplies the deguantized ccefficient data,
that is, the orthogonal transform coefficient, to the
inverse orthogonal transform unit 504.

{02791

Also, in a case where the mode is the I_PCM mode, the
deguantizer 303 supplies the CU data supplied from the
lossless deccder 502 {image data which is not encoded) to
the inverse orthogonal transform unit 504.

[0280}

In a case where the mode is not the I PCM mode, the
inverse crthogonal transform unit 504 performs inverse
orthogonal transform on the orthogonal transform goefficient
using a method corresponding to the orthogonal transform
method used by the orthogonal transform unit 305 illustrated
in Fig. 7 {a method similar to that used by the inverse

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



the generated prediction image to the selector 515. [0306] The selector 515 selects the prediction
image generated by the motion prediction/compensation unit 514 or the intra prediction unit 513, and
supplies the prediction image to the computing unit 505, as in the case of the selector 213. [0307]

The PCM decoder 516 controls the lossless decoder 502, the loop filter 506, the adaptive shift-to-right
unit 507, and the adaptive shift-to-left unit 511 on the basis of the | PCM flag supplied from the
lossless decoder 502. __ [0308] [Lossless decoder, PCM decoder, and loop filter] Fig. 16 is a
block diagram illustrating a main example configuration of the lossless decoder 502, the PCM decoder
516, and the loop filter 506 illustrated in Fig. 15: [8309]

the case of the inverse orthogonal transform unit 204. With
the inverse orthogonal transform processing, the inverse
orthogonal transform unit 504 obtains decoded residual data
corresponding to the residual data before orthogonal
transform is performed in the image encoding apparatus 300.
For example, fourth-order inverse orthogonal transform is
performed. The inverse orthogonal trarsform unit 504
supplies the decoded residual data obtained through inverse
orthogonal transform to the computing unit 505,

[0z281]

Also, in a case where the mode is the I PCM mode, the
inverse orthogonal transform unit 504 supplies the CU data
supplied from the dequantizer 503 (image data which is noﬁ
encoded) £o the computing unit 505.

(02821

Alsc, a prediction image is supplied to the computing
unit 505 from the intra prediction unit 513 or the motion
prediction/compensation unit 514 via the selectof 515.
[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 obtains decoded image data
corresponding to the image data before the prediction image
1s subtracted by the computing unit 304 of the image

encoding apparatus 300, as in the case of the computing unit



As illustrated in Fig. 16, the lossless decoder 502 - 104 - includes a NAL decoder 531 and a CU
decoder 532. The NAL decoder 531 decodes encoded NAL data supplied from the accumulation
buffer 501, and supplies the decoded NAL data to 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 obtaining an |_PCM_flag by
decoding the CU data, the CU decoder 532 supplies the |_PCM_flag to the PCM decoder 516. The CU
decoder 532 decodes the encoded CU data in accordance with control performed by the PCM decoder
156 based on the | PCM flag (on the basis of an &»/Off control __ signal supplied from the PCM
encoder 321). [0312] '

205. The computing unit 505 supplies the decoded image data
to the lcoop filter 506.
10284]

In a case where the mode is the I_PCM mode, the
computing unit 505 supplies the CU data supplied from the
inverse orthogonal transform unit 504 (image data which is
not encoded} to the loop filter 506. In this case, the CU
data is not residual information, and thus addition to the
prediction image is noﬁ necessary.

[0285]

The loop filter 506 performs loop filter processing
including deblocking filter processing, adaptive loop filter
processing, or the like, on the decoded image supplied from
the computing unit 505 as appropriate, under control
performed by the PCM decoder 516.
t0286}

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

PCM decoder 516, thereby improving image quality.



For example, in a case where the I|_PCM_flag has a value indicating that the mode is not the |_PCM
mode, and where a control signal representing "On" is obtained from the PCM decoder 516, the CU
decoder 532 decodes the encoded CU data supplied from the accumulation buffer 501 on the basis of
the NAL data supplied from the NAL decoder 531, and supplies a quantized orthogonal transform
coefficient to the dequantizer 503. [0313] - 105 - On the other hand, in a case where the
|_PCM_flag has a value indicating that the mode is the |_PCM mode, and where a control signal
representing "Off" is obtained from the PCM decoder 516, the CU decoder 532 supplies the CU data
supplied from the accumulation buffer 501 (imageé’data which is not encoded) to the dequantizer 503.
[03141 Note that the CU decoder 532 supplies information obtained by decoding the CU data,
such as a filter coefficient and an adaptive filter flag, to the loop filter 506. [0315] As illustrated in Fig.
8, the PCM deedlkr 516 includes an | PCM flag buffer 541 and a PCM controller 542. _ [0316],

Alternatively, the lop filter 506 may perform arbitrary

filter processing on the deccded image. Alternatively, the
‘loop filter 506 may perform filter processing by using the
filter coefficient supplied from the image encoding
apparatus 300 illustrated in Fig. 7.

[0288]

The lcoop filter 506 supplies the result of filter
processing (the decoded image on which filter processing has
been performed) to the adaptive shift-to-right unit 507.
(0289]

The adaptive shift-to-right unit 507 is a processing
unit similar to the adaptive shift-to-right unit 313 (Fig.
7}, and is controlled by the PCM decoder 516. In a case
where the mode is not the I PCM mode, 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 bits
to B8 bits. That is, the adaptive shift~to-right unit 507
shifts the decoded image data to the right ky the number of
bits by which the image data has been shifted to the left in
the image enceding apparatus 300, so as to change the bit
depth of the imacge data to the state where shift to the left

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



The | PCM flag buffer 541 stores the | PCM flag ___ supplied from the CU decoder 532 of the
lossless decoder 502, and supplies the |_PCM_flag to the PCM controller 542 at a certain timing.
[0317] The PCM controller 542 determines whether or not the | PCM mode was selected at the time of
encoding in the image encoding apparatus 300, on the basis of the value of the | PCM flag obtained
from the | PCM flag buffer 541. Onthe _ _ _ basis of the determination result, the PCM controller 542
- 106 -

- 98 -

data is read out from the screen rearrangement buffer 302
{(Fig. 7).
[0290]

The adaptive shift-to-right unit 5307 supplies the image
data on which shift-te-right processing has been performed
to the screen rearrangement buffer 508 and the frame memory
510..

[{0291]

Note that the amount of shift to the right (the amount
of bits) is not specified as long as the amount is the same
as the amount of shift to the left in the image encoding
apparatus 300 (adaptive shift-to-left unit 303)} That 1is,
the amount may be fixed or variable. For example, the
amocunt of shift may be predetermined {shared in advance
between the image encoding apparatus 300 and the image
decoding épparatus 500), 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 provided from the image encoding apparatus
300.

[0292]

Alternatively, the shift-tco-right processing may be
skipped in accordance with contrcel performed by the PCM
decoder 516. For example, in the case of the I PCM mode,

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



supplies an On/Off control signal to the Cu decoder 532, and controls the operation thereof. [0318]

For example, in a case where it is determined that the | 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 decode the encoded CU data, and causes the CU decoder 532 to supply a quantized
orthogonal transform coefficient obtained through the decoding to the dequantizer 503. [03191 On
the other hand, for example, in a case where it is determined that the | PCM mode was selected, the
PCM controller 542 supplies a control signal representing "Off" to the CU decoder 532, and causes the
CU decoder 532 to supply CU data, which is nen-emceded data, to the dequantizer 503 as output pixel
values. [03201 With the above-described control, the CU decoder 532 is capable of appropriately
decoding encoded data supplied from the image encoding apparatus 300. That is, the CU decoder 532
is capable ofrtlegedig-ericaded clata amare gipropriztelyeaiereif whethas er nasthe mose is the | PCM
mode is controlled in units of CUs, which are smaller than LCUs [03211 - 107 - Also, the PCM
controller 548'88ppii&s ARIGRIGHT chhEdF sigfiral to' the AdafRoe SRk FGHt Ghie 587*and the adaptive

shift-to-left upit 341 onsthe basis of the determination Lesull abpu they L LCM mode, and controls the

operation thereof.
from the loep filter 506 to the screen rearrangement buffer

508 and the frame memory 310 without shifting the decocded
image data in the right direction.
[G293]

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 302 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
outputs the frame images to a display {(nct illustrated) so
that the frame images are displayed, as in the case cf the
D/A convertor 208,

[0295]

The frame memory 510 stores the decoded image supplied

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

stored decoded image as a reference image to the adaptive



[0322] For example, in a case where it is determined that the | PCM mode was not selected, the
PCM controller 542 supplies a control signal representing "On" to the adaptive shift-toright unit 507
and the adaptive shift-to-left unit 511, and causes 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 a case where it is determined that the | PCM mode was selected, the PCM controller 542
supplies a control signal representing "Off" 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 is motlifereased. [0324]  With the above-described
control, the PCM controller 542 is capable of appropriately eliminating redundant processing even if
whether or not the mode is the | PCM mode - 108 - is controlled in units of CUs, which are smaller
than LCUs. 903257 toFnfiferiivre, fHe PEMaoifticiet 342 stibplies an On/Off control signal to the
loop filter 5% tpe basis of the determination result about the | PCM mode, and controls the
operation thereof. For example, in a case where it is determined that the | PCM mode was not

selected/ the PCMIeonirollet 542 suppliestacontral signal representing ¥0sz ta theyloop filter 506. On
the other hand, for example, in a case where it is determined that the | PCM mode was selected, the
PCM contréiiet 542 Bugsitesta cbhfrof Sipplal Yépreskting * O 16 the idop fiker 566. [0326]

controlled by the PCM deccder 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
therecf by a certain number of bits (for exampie, 4 bits);
{02971

For example, in a case where the mode is not the I_PCM
mode, the decoded image data supplied from the inverse
orthogonal 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 been read out
from the frame memory 510 by a certain number of bits (for
example, increases the bit depth from 8 bits to 12 bits) in
accordance with control performed by the PCM decoder 516.
[0298]

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

image can be made the same as the bit depth of the decoded



With the above-described control, the PCM controller 542 is capable of eliminating redundant
processing more appropriately even if whether or not the mode is the |_PCM mode is controlled in
units of CUs, which are smaller than LCUs. [0327]  As illustrated in Fig. 8, the loop filter 506
includes a deblocking filter 551, a pixel sorting unit 552, and a filtering unit 553. [0328] The
deblocking filter 551 performs deblocking filter processing on the decoded image supplied from the
computing - 109 - 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 performedTeyatdless of whether or not the mode for the target Cu
is the I|_PCM mode. The deblocking filter 551 supplies the result of filter processing
(after- deblocklng -filter pixel values) to the pixel sorting unit 552. [0330]

image, so that the reference image can be added to the

decoded image. Also, the accuracy of internal arithmetic

such as prediction processing can be increased, and errors

can be suppressed.

{0299]

On the other hand, for example, in a case where the

mode is the I PCM mode, the decoded image data supplied from

the inverse crthogenal transform unit 504 to the computing

unit 505 is image data cn which shift-te-left processing has

not been performed in the image encoding apparatus 300 (for

example, the bit depth is 8 bits). Thus, the adaptive

shift-to-left unit 511 supplies the reference image read out

from the frame memory 510 to the selector 512 withoﬁt

increasing the bit depth in accordance with control

performed by the PCM decoder 1546.

[0300]

In the case of intra prediction, the selector 5i2

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 of inter prediction, the

selector 512 supplies the reference image supplied from the

adaptive shift-te-left unit 511 to the motion

prediction/compensaticn unit 514.

[0301]

The intra prediction unit 513 is supplied with



In accordance with the value of the On/Off control signal supplied from the PCM controller 542, the
pixel sorting 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 values on which
adaptive loop filter processing is not to be performed. [0331] For example, in a 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 loop filter
processing is to be performed. In contrast, for example, in a case where a control signal representing
"Off" - 110 - is supplied from the PCM controllet 842, the pixel sorting unit 552 sorts the
after-deblocking-filter pixel values of the CU as pixel values on which adaptive loop filter processing is
not to be performed. [0332] The pixel sorting unit 552 supplies the sorted pixel values of individual

pixels (after-BEBITE MG RIter fixet taRRsT 1S tHEFiREriRG TMitB5: 103888 WirhHilidtihg unit 553
performs adaptive.loop:fter processing:on the: pixel values.which have,hgen soged.as pixel values on

which adaptive loop filter processing is to be performed, on the basis of the adaptive loop filter flag

supplied fromdhe Q¢ decodbe 532040384]r 502 as appropriate. The intra
prediction unit 513 performs intra prediction using the
reference image obtained from the frame memory 510 using the
intra prediction mode used by the inﬁra prediction unit 317,
and generates a predicticn image. That is, the intra
prediction unit 513 is alsc 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 prediction unit 513 supplies the generated
prediction image to the selactor 515.

[0303]

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

103047

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



Adaptive loop filter processing is performed in units of certain blocks which are set independently of
CUs. In a case where the value of the adaptive loop filter 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 supplies the afterdeblocking-filter
pixel values supplied thereto to the adaptive shift-to-right unit 507 as after-adaptive-filter pixel values.
[0335] By the way, the method for setting an adaptive loop filter flag depends on the specification
and so forth of the image encoding apparatus 300. Thus, depending on the method for setting an
adaptive loop filter flag by the image encoding-apgaratus 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 is a possibility that a pixel of the | PCM mode is included in the
target blocle [0386] ¢ t iThusriage casEhalierestherd és mqdikelvalue which has been sorted as a pixel
value on Whichcgda .tive/loo filterggocessingfgs %to. bet%erformed lQ theotjg_lrget block, the filtering
unit 553 skﬁgea&é:p ilv%rllo%% ?er}spro%ggsiﬁa or the talrgsge [ock &veh n;L fhe value of the adaptive loop

filter flag of fhe targeiblogk is-a valuaiindicating.that filten pragsessing-hasheenperdermed on the
encoding side (for example, "1"), and supplies the after-deblocking-filter pixel values supplied thereto

to the adaptizeshifito et uritginas atterzraphive-fitted pivel Vadues: [033%F th¥hat is, the filtering
unit 553 perfogms adalpticye loop fi ter proces ing on the target block only in a case where the value of
. m? 10? g ﬁ 1c§%§n COé%enff%l%ﬁ %?lt e . .
the adaptive Toop filter flag of the target - - block'is a value indicating that filter processing has
been performed on the encoding side (for example, "11T) and where all the pixels in the target block
have been sorted as pixels on which adaptive loop filter processing is to be performed.
The motion prediction/compensation unit 514 supplies
the generated predicticon image to the selector 515.
[0306]
The selector 515 selects the prediction image generated
by the motion prediction/compensation unit 514 or the intra
prediction unit 513, and supplies the prediction image to
the computing unit 505, as in the case of the selector 213.
[0307]
The PCM decoder 516 controls the lossless decoder 502,
the lcoop filter 506, the adaptive shift-to-right unit 507,
and the adaptive shift-to-left unit 511 on the basis of the
I PCM flag supplied from the lossless decoder 502.
[0308]
[Lossless decoder, PCM decoder, and locop filter]
Fig. 16 is a block diagram illustrating a main example
configuration of the lossless deccder 502, the PCM decoder
516, and the loop filter 506 illustrated in Fig. 15.
[0309]

As illustrated in Fig. 16, the lossless decoder 502



[0338) Note that, in the case of performing adaptive loop filter processing, the filtering unit 553
performs adaptive loop filter processing using the filter coefficient supplied from the CU decoder 32
(the filter coefficient used in the adaptive loop filter processing on the encoding side). [0339] The
filtering unit 553 supplies the pixel values on which adaptive loop filter processing has been performed
to the adaptive shift-to-right unit 507 as after-adaptivefilter pixel values. [0340]  With the
above-described control, the PCM controller 542 is capable of appropriately eliminating redundant
processing even if whether or not the mode is the |_PCM mode (non-compression mode) is controlled
in units of CUs, which are smaller than LCUs. {034%7 - As described above, with the processing
operations performed by the individual processing units, the image - 113 - decoding apparatus 500 is

capable of realizing enhanced encoding efficiency while suppressing a decrease in the efficiency of
encodmglmiﬁgggﬁeﬁ a NAL deccoder 531 and a CU decoder 532. The NAL

decoder 531 decodes encoded NAL data supplied from the
accumulation buffer 501, and supplies the decoded NAL data
to 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 obtaining 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 156
based on the I PCM flag {on the basis of an On/Off control
signal supplied from the PCM encoder 2321).

[0312]

For example, in a case where the I PCM flag has a value
indicating that the mode is not the I PCM mode, and where a
contrcl signal representing "On" is obtained from the PCM
decoder 516, the CU decoder 532 decodes the encoded CU data
supplied from the accumulation buffer 501 on the basis of
the NAL data supplied from the WAL decoder 531, and supplies
a guantized orthogonal transform coefficient to the
degquantizer 503.

[0313]



[0342] [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 reference to the flowcharts in Fig. 17 and Fig. 18. [0343]
After decoding processing starts, in step 3501, the accumulation buffer 501 accumulates an image
(encoded data) transmitted thereto. In step S502, the CU decoder 532 obtains an adaptive filter flag
from the encoded data accumulated in step S501. In step S503, the CU decoder 532 obtains an | PCM
flag from the encoded data accumulated in _ _ step 3501. The |_PCM_flag buffer 541 stores the

| PCM_flag. [0344] In step 3504, the PCMcdritbolter 542 determines whether or not the encoding
mode of the encoded data (CU data) accumulated in step S501 is the |_PCM mode (that is, non-
encoded data), on the basis of the value of the | PCM flag

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 BCM
decoder 516, the CU decoder 532 supplies the CU data
supplied from the accumulation buffer 501 (image data which
is not encocded) to the deguantizer 503. |
{0314}

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

[0315]

As 1llustrated in Fig. 8, the PCM decoder 516 includes
an I PCM flag buffer 541 and a PCM contrcller 542.

(03161

The I PCM flag buffer 541 stores the I PCM flag
supplied from the CU decoder 532 of the lossless decocder 562,
and supplies the I PCM flag to the PCM controller 542 at a
certain timing.

[0317]

The PCM controller 542 determines whether or not the
I PCM mode was selected at the time of encoding in the image
encoding apparatus 200, on the basis of the value of the
I_PCM_flag obtained from the I_PCM flag buffer 541. On the

basis cof the determination result, the PCM controller 542



__ stored in the | PCM flag buffer 541. _ -114 - If it is determined that the encoding mode is not
the | PCM mode, the PCM controller 542 causes the processing to proceed to step 3505. In step
S505, the lossless decoder 502 performs lossless decoding processing, decodes the encoded data
(CU data) accumulated in step 3501, and obtains a quantized orthogonal transform coefficient, filter
coefficient, and so forth. [0346] In step 3506, the dequantizer 503 dequantizes the quantized
orthogonal transform coefficient, which is obtained through the processing in step 3505. In step S507,
the inverse orthogonal transform unit 504 performs inverse orthogonal transform on the orthogonal
transform coefficient which is dequantized throughbthe-processing in step 3506, and generates
decoded image data. [0347] In step 3508, the adaptive shift-to-left unit 511 obtains the reference
image corresponding to the target CU from the frame memory 510, and performs shift-to-left
processing enithé referencimage incadoordancewith donttdlpetiorarerb by thé PGMadetoder 516.

controls the operation thereof.
[0318]

For example, in a case where 1t 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 dececde the encoded CU data, and-
causes the CU decoder 532 to supply a guantized orthogonal
transform coefficient obtained through the decoding to the
dequantizer 503,

[0319]

On the other hand, for example, in & case where it is
determined that the I _PCM mode was selected, the PCM
controller 542 supplies a control signal representing "Off"
té the CU decoder 532, and causes the CU decoder 532 to
supply CU data, which is non-encoded data, to the
deguantizer 503 as ocutput pixel wvalues.

{03201

With the above-described contrel, the CU decoder 532 is
capable of appropriately decoding encoded data supplied from
the image encoding apparatus 300. That is, the CU decoder
532 is capable of deccding encoded data more appropriately
even i1f whether or not the mode is the I PCM mode is
controlled in units of CUs, which are smaller than LCUs.

[0321]



[0348] In step 3509, the intra prediction unit 513 or the motion prediction/compensation unit 514
performs prediction processing using the reference image on which shift-to-left - 115 - processing is
performed in step 3508, thereby generating a prediction image. [0349] In step 3510, the computing
unit 505 adds the prediction image generated by the intra prediction unit 513 or the motion
prediction/compensation unit 514 in step 3509, to the difference information obtained through the
processing in step 3507.

- 107 -

Alsco, the.PCM controller 342 supplies an On/0Off control
signal to the adaptive shift-te-right unit 507 agd the
adaptive shift-te~left unit 511 on the basis of the
determination result about the I PCM mode, and controls the
operation thereof.

[0322]

For example, in a case where it is determined that the
I _PCM mode was not selected, the PCM controller 542 supplies
a contrel signal representing "On" 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 performed, so that the bit precisicn in
internal processing is increased.

[0323]

On the cther hand, in a case where it is determined
that the I PCM mode was selected, the PCM controller 542
supplies a control signal representing "Off" 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 is not increased.

[0324]

With the above-described control, the PCM controller

542 is capable of appropriately eliminating redundant

processing even if whether or not the mode is the I PCM mode



[0350] In step 3511, the loop filter 506 performs loop filter processing on the addition result
obtained in step 3510. [0351] In step 3512, the adaptive shift-to-right unit 507 performs
shift-to-right processing on the result of loop filter processing obtained in step 3511, in accordance with
control performed by the PCM decoder 516. [0352] In step 5513, the frame memory 510 stores the
decoded image data as a reference image. [0353] In step 3514, the screen rearrangement buffer 508
rearranges the frames of the decoded image 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 -116= 108 -

is controlled in units of CUs, which are smaller than LCUs.
[0325]

Furthermere, the PCM controller 542 supplies an On/Off
centrol signal to the loop filter 506 on the basis of the
determination result about the I PCM mode, and controls the
operation thereof. 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 lcop filter 506. On the oéhex hand, for example, in
a case where it is determined that the I _PCM mode was |
selected, the PCM controlier 542 suppiies a contrcl siénal
representing "Off" to the loop filter 506.

[0326]

With the abocve-described control, the PCM contreller
542 is capable of eliminating redundant processing more
appropriately even if whether or not the mode is the I PCM
mode is controlled in units of CUs, which are smaller than
LCUs.

[0327]

As illiustrated in Fig. 8, the loop filter 506 includes
a deblocking filter 551, a pixel sorting unit 552, and a
filtering unit 553.

[0328]
The deblocking filter 551 performs deblocking filter

processing on the decoded image supplied from the computing



rearranged in the original display order. [0354] In step 3515, the D/A converter 509 0/A-converts
the decoded image data in which the frames are rearranged in step 3514. The decoded image data is
output to a display (not illustrated) and the image thereof is displayed. [0355] Also, if it is determined in
step 3504 that the encoding mode is the |_PCM mode, the PCM controller 542 causes the processing
to proceed to step S521 in Fig. 18. In step S521, the lossless decoder 502 performs lossless decoding
processing, and regards the encoded data (non-compressed data) accumulated in step 3501 as an

encoding result (output pixel values). [0356]
~ 109 -

unit 505 (before-~deblocking-filter pixel wvalues), thereby
removing a block distcrtion, as in the case of the
deblocking filter 206.

[0328]

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

(0330}

In accordance with the value of the On/0ff control
signal supplied frcom the PCM controller 542, the pixel
sorting unit 552 sorts individual results of fiiter
processing {after~deblocking-filter pixel values) as pixel
values on which adaptive loop filter processing is to be
performed and pixel values on which adaptive loop filter
processing is not te be performed.

[0331]

For example, in a case where a control signal
representing "On" is supplied from the PCM controllier 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 is to be performed. In contrast, for

example, 1n a case where a control signal representing "Off"



In step 3522, the loop filter 506 performs loop filter processing on the output pixel values obtained in
step S521. After the processing in step 3522 ends, the loop filter 506 returns the processing to step
3513 in Fig. 17, so that the subsequent step is performed. [0357] [Flow of loop filter processing)

Next, an example of the flow of the loop filter processing which is performed in step 3511 in Fig. 17
and step 3522 in Fig. 18 will be described with reference to the - 117 - flowchart in Fig. 19. [0358]
After the loop filter processing starts, in step 5541, the deblocking filter 551 performs deblocking filter
processing on the before-deblocking-filter pixel values which are obtained in step 3510 or step 3521.
[0359] In step 3542, the filtering unit 553 obtaiAs afilter coefficient. In step S543, 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 loop filter processing is to
be performéd tRERIMdIssbringurits52 e4uses e picdesshig td-proasiektb steptEsyA. [0360]

unit 552 sorts the after-deblocking-filter pixel values of
the CU as pixel values on which adaptive loop filter
processing is not to be 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 values on which adaptive loop filter processing is to
be performed, on the basis of the adaptive loop filter flag
supplied from the CU decoder 532.

[0334]

Adaptive loop filter processing is performed in units
of certain blocks which are set independently of CUs. In a
case where the value of the adaptive loop filter 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 supplies the after-
deblocking-filter pixel values supplied thereto to the
adaptive shift-to-right unit 507 as after-adaptive-filter

pixel values.



In step 5544, the pixel sorting unit 552 sorts the after-deblocking-filter pixel values in accordance with
whether or not the mode is the 19CM mode, in accordance with control performed by the PCM
controller 542. [0361] In step 3545, the filtering unit 545 performs adaptive loop filter processing on
the after-deblocking-filter pixel values which have been sorted to undergo adaptive loop filter
processing, by using the filter coefficient obtained in step S542. After the processing in step S545
ends, the - 118 - filtering unit 545 ends the loop filter processing, the processing returns to step 5511
in Fig. 17 or step 5522 in Fig. 18, and the processing proceeds to step 5512 in Fig. 17 or step S513 in
Fig. 17. [0362] If it is determined in step 5543LinlFig. 19 that adaptive loop filter processing is not to
be performed, the pixel sorting unit 552 ends the loop filter processing, the processing returns to step
5511 in Fig. 17 or step 5522 in Fig. 18, and the processing proceeds to step 5512 in Fig. 17 or step
5513 in Fig.[P230863]  As a result of performing the individual processing operations in the
above-described manner, the image decodin{g ag;paratus 500 is capable of realizing enhanced

a

encoding efficiendywhilg stphreddifig i des2ass’in Hie eitleAty BFEREGRg 3 essing. [0364]

filter flag depends on the specification and so forth of the
image encoding apparatus 300. Thus, depending on the methed
for setting an adaptive loop filter flag by the image
encoding apparatus 300, even if the wvalue cf the adaptive
locp filter flag of the target block is a value indicating
that filter processing has been performed on the encoding
side (for example, "1"), there is a possibility that a pixel
of the I PCM mode is included in the target block.

[0336]

Thus, in a case where there is a pixel wvalue which has
been sorted as a pixel value on which adaptive loop filter
processing is not to be performed in the target block, the
filtering unit 553 skips adaptive loop filter processing for
the target block 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"), and supplies the after-deblccking-filter
pixel values supplied theretc to the adaptive shift-to-right
unit 507 as after-adaptive-filter pixel wvalues.

[03371

That is, the filtering unit 553 performs adaptive loop

filter processing on the target block conly in a case where

the value of the adaptive loop filter flag of the target



[Position of | PCM information] As described above, selection control of the |_PCM mode can be
performed in units of CUs, so that encoding using the | PCM mode can be performed on only some of
CUs in an LOU, as illustrated in part A of Fig. 20, for example. Part A of Fig. 20 illustrates the structure
of CUs in one LOU. The LOU illustrated in part A of Fig. 20 is constituted by seven - 119 - CUs, that
is, CUO to 006. The individual numerals indicate the processing order in the LOU. In the example
illustrated in part A of Fig. 20, the shaded CUs (CUL 003, and 006) are to be encoded using the
|_PCM mode. [0365] In this case, as illustrated in part B of Fig. 20, | PCM information, which is
information regarding | PCM inside the LOU, may be added at the top of the data of LOU in a code
stream. [0366] The | PCM information includes, for example, flag information indicating whether or
not the LOU includes a CU which is to be encoded using the | PCM mode. In the case of the example
illustrated iIPERE20L DA, W%n@@ﬁ@ﬁ?é@ﬂé?f@l@e@rﬂe@@édﬂ@ﬁg e 19PEM: nisden and thus the

flag information.is set to be a value |nd|cat|n t the. LOU |nclu q \) WhICh |s o be encoded
using the | Eﬁ’éM modé (?or gxampfé EEJ) ‘f%@ﬁ i]efor examp cl: here

all the pixels in the target block have been sorted as
pixels on which adaptive loop filter processing is to be
performed.

[0338]

Note that, in the case of performing adaptive loop
filter processing, the filtering unit 353 performs adaptive
loop filter processing using the filter coefficient supplied
from the CU decoder 32 (the filter coefficient used in the
adaptive loop filter processing on the encoding side).
(03393

The filtering unit 553 supplies the pixel wvalues on
which adaptive loop filter processing has been performed to
the adaptive shift-to-right unit 507 as after-adaptive-
filter pixel values.

[0340]

With the above-described control, the PCM controller
542 is capable of appropriately eliminéting 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.

103417
As described above, with the processing cperations

performed by the individual processing units, the image



In this way, the image encoding apparatus 300 adds information about | PCM inside the LOU at the
top of the LOU, and thereby the image decoding apparatus 500 is capable of easily determining
whether or not the LOU includes a CU which is to be encoded using the | PCM mode, before
decoding the LOU. - 120 -[0368] Also, the |_PCM information includes, for example, information
indicating a CU which is to be encoded using the | PCM mode included in the LOU. In the case of the
example illustrated in Fig. 20, CUL CU3, and CUG6 are CUs which are to be encoded using the |_PCM
mode, and thus the |_PCM information includes information indicating these CUs (CUI, CU3, and
CU6). [0369] In this way, the image encoding apparatus 300 adds information about | _PCM inside
the LCU at the top of the LOU, and thereby the image decoding apparatus 500 is capable of easily
determining which CU in the LOU has been encoded using the |_PCM mode (non-compression

mode), befaredderoding Hie LOWLJ0870] 1 s Natssthag, ip the slescrptign givemabave, pieces of
information other than image data, such as an |_PCM_flag, an adaptive filter flag, a filter coefficient,
and |_PCMSiferalidncare piGiged froh ¢hé iipRge ehiceaeling apparitas 300 fdthe image decoding
apparatus 500.as necessary, bgg: 5%sne pie}g:ege(gsin@rmation may be added at an arbitrary position of
encoded dafa. For exan\gpf)e, the pleces@JoIf)m?’ormatllorﬁJJ may be added at the top of a CU or LCU, or may
be added tojaslige header, or may be stored in a sequence

[Flow of decoding processing]

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

[0343]

After decoding processing starts, in step 8501, the
accumulation buffer 501 accumulates an image {encoded data)
transmitted thereto. In step $502, the CU decoder 532
obtains an adaptive filter flag from the encoded data
accumulated in step $501. In step S503, 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 S504, the PCM controller 542 determines whether
or not the encoding mode of the encoded data (CU data)
accumulated in step 5501 is the I _PCM mecde {(that is, non-
encoded data), on the basis of the value of the I PCM flag
stored in the I PCM flag buffer 541,

[0345]



- 121 - parameter set (SPS), a picture parameter set (PPS), or the like. Alternatively, for example, the
pieces of information may be stored in a parameter set (for example, a header of a sequence 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 (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 indicating the correspondence may be separately created, or link information indicating the
other side may be embedded in the data of eachiside-[0372] Alternatively, the pieces of
information may be shared in advance by the image encoding apparatus 300 and the image decoding
apparatus 500. In that case, transmission of the pieces of information may be omitted. [0373] <3. Third
embod ent> [Persbhal tonspuiet]e rmifhelabbue-ddseribed seiies ofpiecéssingtoperations may be

executed b)é hardware or may be executed bX software. In .
PCM mode, tThHe PCM controller 542 causes the processing to

proceed to step 5505. In step 8305, the lossless decoder
502 performs lossless decoding processing, decodes the
encoded data {CU data) accumulated in step S501, and obtains
a guantized orthogonal transform coefficient, filter
coefficient, and so forth,.

[0346]

In step S5306, the deguantizer 503 dequantizes the
quantized crthogonal transform coefficient, which is
obtained through the processing in step $505. In step 5507,
the inverse orthogonal transform unit 504 performs inverse
orthogonal transform on the orthogonal transform ceoefficient
which is dequantized through the processing in step $506,
and generates decoded image data,

10347}

Tn step S$508, the adaptive shift-to-left unit 51‘1
obtains the reference image corresponding to the taréet CU
from the frame memory 510, and performs.shift~to—left
processing on the reference image in accordance with control
performed by the PCM deéoder 51e.

[0348]

In step 5509, the intra prediction unit 513 or the

moticn prediction/compensation unit 514 performs prediction

processing using the reference image on which shift-to-left



- 122 - this case, for example, the hardware or software may be constituted as the personal computer
illustrated in Fig. 21. [0374] In Fig. 21, a CPU (Central Processing Unit) 601 of a personal computer
600 executes various processing operations in accordance with a program stored in a ROM (Read
Only Memory) 602 or a program loaded from a storage unit 613 to a RAM (Random Access Memory)
603. Also, data which is necessary for the CPU 601 to execute various processing operations is stored
in the RAM 603 as appropriate. [0375] The CPU 601, the ROM 602, and the RAM 603 are
connected to one another via a bus 604. Also, an input/output interface 610 is connected to the bus
604. [0376]  An input unit 611 including a keyboasd~-a mouse, or the like; an output unit 612
including a display such as a CRT (Cathode Ray Tube) or an LCD (Liquid Crystal Display), and a
speaker or the like; the storage unit 613 including a hard disk or the like; and a communication unit
614 includingradaedenyot thepkkeratereannecteddo thedgputioutipubintedaee 610nd e communication
unit 614 performs communication processing via a network, including the Internet. [0377] - 123 -
prediction image.
10349]
In step 5510, the computing unit 505 adds the
predicticn image generated by the intra prediction unit 513
or the motion prediction/compensaticn unit 514 in step 55089,
to the difference information obtained through the
processing in step S507.
[C350]
In step 8511, the loop filter 506 performs loop filter
processing cn the addition result obtained in step S510.
[0351]
In step 8512, the adaptive shift-to-right unit 507
performs shift-to-right processing on the result of lcop
fiiter processing obtained in step S511, in accordance with
control performed by the PCM decoder bHlé.
{0352]
In step 3513, the frame memory 510 stores the decoded
image data as a reference image.
[0353]
In step 5514, the screen rearrangement buffer 508
rearranges the frames of the decoded image 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



Also, a drive 615 is connected to the input/output interface 610 as necessary, a removable medium
621 such as a magnetic disk, an optical 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. [0378] 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. [0379] The recording medium is constituted by, for example, as illustrated 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 containsithé 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)), a magneto-optical disc
(including areMbx (Mg diso)) orasendicondudtormemory.dilternatively, the recording medium is
constituted by the ROM 602 containing the program recorded thereon or a hard disk included in the
storage unit fgf‘\}vhich is provided to a user in the state of being incorporated in the main body of the

apparatus in - 124, agvanee; 19380L. dhe pragram:execied bysthecomputerynay be a program in
which processing operations are performed in time series in accordance with the order described in

this descriptienpdethdyrbea progranminavhich rotessimgesperations are peyformiad in parallel or at

necessary timings, for example, when the processing operations are called. [0381
y steé’Sggé. Tﬁ% decoded fﬁage da%alis output to a d&spl y

{not illustrated) and the image therecf is displaved.
[0355]

Also, if it is determined in step 5504 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 deccder 502 performs lossless
deccding processing, and regards the enccded data (non-
compressed data) accumulated in step 38501 as an encoding
result {output pixel wvalues}).

[03586]

In step 5522, the loop filter 50¢ performs loop filter
processing on the output pixel values obtained in step S521.
After the processing in step 8522 ends, the loop filter 506
returns the processing to step $513 in Fig. 17, so that the
subsequent step is performed.

{6357]
[Flow of loop filter processing]

Next, an example of the flow of the loop filter
processing which is performed in step S$511 in Fig. 17 and

step 5522 in Fig. 18 will be described with reference to the



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 order, or
may be processing operations which are executed in parallel or individually. [0382]  Also, in this
description, a "system" is an entire apparatus constituted by a plurality of devices. [0383]  Also, the
configuration described above as a single device (or processing unit) may be divided into a plurality of
devices (or processing units). In contrast, the configuration described above as a plurality of devices
(or processing units) may be combined into a single device (or processing unit). Also, a configuration
other than that described above may of course beladded to the configuration - 125 - of the individual
devices (or processing units). Furthermore, as long as the configuration and operation of the entire
system are substantially the same, part of the configuration of a certain device (or processing unit)
may be inclédeddhdtre: configuraticreef another device (or another processing unit). That is, the
embodiments of the present technology are not limited to the above-described embodiments, and
various modificafidns can be made without deviating from the gist of the present technology. [0384]

For example, eac} af the lqssless ensoder 307, the.loop filter 312, andthe.RCM gagader 321

illustrated in Fig. 8 may be configured as an independent device. Also, each of the NAL encoder 331,
the CU encotler 332 lihekli RCMi flagmerierator 3 ithe RECModedidingtundit 842, the deblocking filter
351, the pixel sorting unit 352, the filter coefficient calculator 353, and the filtering unit 354 illustrated in

Fig. 8 may B&SGRAGuRH 88 aHmdRpERGentaByRER1ng-f1ltet pixel values

which are cbtained in step 5510 or step 5521.
[0359]

In step 8542, the filtering unit 553 obtains a filter
coefficient. In step $543, 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 i1s determined that adaptive
loop filter processing is to be performed, the pixel sorting
unit 552 causes the processing to proceed to step S5544.
10360}

In step 8544, the pixel sorting unit 552 sorts the
after-deblocking-filter pixel wvalues in accordance with
whether or not the mode is the I_PCM mode, in accordance
with control performed by the PCM controller 542.

(03611

In step 35545, the filtering unit 545 performs adaptive
loop filter processing dn the after-deblocking-filter pixsl
values which have been sorted to undergo adaptive loop
filter processing, by using the filter ccoefficient obtained

in step 5542. After the processing in step 35545 ends, the



[0385] Furthermore, each of the input data amount calculator 361, the PCM determining unit 362,
the encoding controller 363, the adaptive shift controller 364, and the filter controller illustrated in Fig. 9
may be configured as an independent device. - 126 - [0386] Alternatively, these processing units may
be arbitrarily combined together to constitute an independent device. Of course, these processing
units may be combined with an arbitrary processing unit illustrated in Fig. 7 to Fig. 9, or may be
combined with a processing unit which is not illustrated. [0387]  This is the same in the image
decoding apparatus 500. For example, each of the lossless decoder 502, the loop filter 506, and the
-PCM decoder 516 illustrated in Fig. 15 may be-cdifigured as an independent device. Also, each of the
NAL decoder 531, the CU decoder 532, the |_PCM _flag buffer 541, the PCM controller 542, the
deblocking filter 551, the pixel sorting unit 552, and the filtering unit 553 illustrated in Fig. 16 may be
configured 4s ahdndegendént dévicenfD888le lRorthdriidre: these procassing baits may be arbitrarily
combined together to constitute an independent device. Of course, these rocessin%units may be

combined WitiP&R SPBffry protessing umitRustrated iR Fig 915 RhdEig® 18P of iy BE combined with
aprocessingi@_it Wg'i,crbir%cﬂq_lﬂgu%%@gssing proceeds to step $512 in Fig. 17

or step $513 in Fig. 17.
[0362]

If it is determined in step 3543 in Fig. 19 that
adaptive loop filter processing is not to be performed, the
pixel sorting unit 552 ends the lcoop 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,

[0363]

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

[0364]
[Position of I PCM information]

As described above, selecticn contrel of the I PCM mode
can be performed in units of CUs, so that encoding using the
I PCM mode can be performed con only some cf 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



[0389] - 127 -  Also, for example, the above-described image encoding apparatus and image
decoding apparatus can be applied to an arbitrary electronic apparatus. Hereinafter, examples thereof
will be described. [0390] <4. Fourth embodiment> [Television receiver] Fig. 22 is a block diagram
illustrating a main example configuration of a television receiver that includes the image decoding
apparatus 500. [0391] The television receiver 1000 illustrated in Fig. 22 includes a terrestrial tuner
1013, a video decoder 1015, a video signal processing circuit 1018, a graphic generation circuit 1019,
a panel drive circuit 1020, and a display panel 1021. [0392]

- 119 -

CUs, that i1s, CU0O to CU6. The individual numerals indicate
the processing order in the LCU. In the example illustﬁated
in part A of Fig. 20, the shaded CUs (CUl, CU3, and CU6} are
to be encoded using the I PCM mode.

[0365]

In this case, as illustrated in part B of Fig. 20,
I.PCM information, which is information regarding I PCM
inside the LCU, may be added at the top of the data of LLU
in a code stream.

[0366]

The I PCM information includes, for example, flag
infermation indicating whether or not the LCU includes a CU
which is to be encoded using the I PCM mode. In the case of
the example illustrated in-Fig. 28, CUl, CU3, and CUé are
CUs to be enccded using the I PCM mode, and thus the flag
information is set to be a value indicating that the LCU
includes a CU which is to be encoded using the I PCM mode
(for example, "1").

[0367]

In this way, the image encoding apparatus 300 adds
information about I _PCM inside the LCU at the top of the LCU,
and thereby the image decoding apparatus 500 is capable of
easily determining whether or not the LCU includes a CU
which is to be encoded using the I PCM mode, before decoding

the LCU.



The terrestrial tuner 1013 receives a broadcast wave signal of terrestrial analog broadcasting via an
antenna, decodes the signal, obtains a video signal, and supplies the video signal to be video decoder
1015. The video decoder 1015 performs decoding processing on the video signal supplied from the
terrestrial tuner 1013, and supplies a digital component signal obtained thereby to the video signal
processing circuit 1018. - 128 - [0393] The video signal processing circuit 1018 performs certain
processing, such as noise reduction, on the video data supplied from the video decoder 1015, and
supplies the obtained video data to the graphic generation circuit 1019. [0394] The graphic
generation circuit 1019 generates, for example, video €ata of a program which is to be displayed on
the display panel 1021, or generates image data by performing processing based on an application
supplied via a network, and supplies the generated video data or image data to the panel drive circuit
1020. Also, ilig ggaphic generation circuit 1019 performs, as appropriate, processing of generating
video data (graphic) for displayin%a screen which is used by a user to select an item or the like, and

supplying video dAtERhicH'® dbtained By SUPRIIGSIng e Y8R rabtrvif&5 S on video data of a
program to the-papekdriye ﬂ{elii&AQEQ? [A393] w»Thg panel drive clicuis 402Q,driyes the display panel

1021 on the basis of the data supplied from the graphic generation circuit 1019, and causes the
display pané&| 021 todkisplay Viddoiofla prografior therabiove-deseribed varousserdens. [0396] - 129
i illustrated in Fig. 20, CULl, CU3, and CU6 are CUs which are

to be encoded using the I_PCM mode, and thus the I PCM

informaticn includes information indicating these CUs (CU1,

Cu3, and CU6).

[0369]

In this way, the image encoding apparatus 300 adds
information about I _PCM inside the LCU at the top of the LCU,
and thereby the image decoding apparatus 500 is capable of
easily determining which CU in the LCU has been encoded
using the I_PCM meode (non-compression mode), before decoding
the LCU,

[03701

Note that, in the description given above, pieces of
information other than image data, such as an I PCM flag, an
adaptive filter flag, a filter coefficient, and I_PCM
information, are provided from the image encoding apparatus
300 to the image decoding apparatus 500 as necessary, but
these pieces cof information may be added at an arbitrary
position of encoded data. For example, the pieces of
information may be added at the top of a CU or LCU, or may

be added to a slice header, or may be stored in a segquence



The display panel 1021 is constituted by an LCD (Liquid 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. [0397)
Also, the television receiver 1000 includes an audio AID (Analog/Digital) converter circuit 1014, an
audio signal processing circuit 1022, an echo cancellation/audio synthesis circuit 1023, an audio
amplifier circuit 1024, and a speaker 1025. [0398)  The terrestrial tuner 1013 demodulates a
received broadcast wave signal, and thereby obtains an audio signal as well as a video signal. The
terrestrial tuner 1013 supplies the obtained audio signal to the audio AID converter circuit 1014.
[03993  The audio A/D converter circuit 1014 performs AID conversion processing on the audio
signal supplied from the terrestrial tuner 1013, and supplies a digital audio signal obtained thereby to
the audio signal processing circuit 1022. [0400)  The audio signal processing circuit 1022 performs
certain processing: suchsas noeSred uetions bnthe pachodate: sapplied from the-audio A/D converter

circuit 1014, and - 130 - sup[%lies udio data obtained thereby to the echo cancellation/audio synthesis
like. "Alterna i

circuit 1023 ively, for example, the pieces of information
may be stored in a parameter set {for example, a header of a
sequence or picture) of an SEI (Supplemental Enhancement
Information) or the like.
(03717

Furthermore, the pieces of information may be
transmitted te the decoding side separately from encoded
data. In that case, it is necessary to clarify {(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
indicating the ccrrespondence may be separately created, or
link information indicating the other side may be embedded
in the data of each side.

[0372]

Alternatively, the pieces of information may be shared
in advance by the image encoding apparatus 300 and the image
decoding apparatus 500. In that case, transmission of the
pieces of information may be omitted.

[0373]
<3. Third embodiment>
[Personal computer]
The above-described series of processing operations may

be executed by hardware or may be executed by software. 1In



[0401] The echo cancellation/audio synthesis circuit 1023 supplies the audio data supplied from
the audio signal processing circuit 1022 to the audio amplifier circuit 1024. [0402] The audio amplifier
circuit 1024 performs D/A conversion processing and amplification processing on the audio data
supplied from the echo cancellation/audio synthesis circuit 1023, adjusts the audio data so as to have
a certain volume, and causes audio to be output from the speaker 1025. [0403] Furthermore, the
television receiver 1000 includes a digital tuner 1016 and an MPEG decoder 1017. [0404] The
digital tuner 1016 receives a broadcast wave signal of digital broadcasting (terrestrial digital
broadcasting, BS (Broadcasting Satellite)/CS tCéAmunications Satellite) digital broadcasting) via an
antenna, demodulates the signal, obtains an MPEG-TS (Moving Picture Experts Group-Transport

Stream), and supplies it to the MPEG decoder 1017.
this case, for example, the hardware or software may be

constituted as the personal computer illustrated in Fig. 21.
[0374]

In Fig. 21, a CPU (Central Processing Unit) 601 of a
personal computer 600 executes various processing cperations
in accordance with a program stored in a ROM (Read Only
Memory) 602 or a program loaded from a storage unit 613 to a
RAM (Random Access Memory) 603. RAlso, data which is
necessary for the CPU 601 to execute varicus processing
operations 1s stored in the RAM 603 as appropriate.

[0375]

The CPU 601, the ROM 602, and the RAM 603 are connected
toc one another via a bus 604. Also, an input/ocutput
interface 610 is connected to the bus 604.

[0376]

An input unit 611 including a keyboard, a mouse, or the
like; an output unit 612 including a display such as a CRT
(Cathode Ray Tube} or an LCD (Liquid Crystal Display), and a
speaker or the like; the storage unit 613 including a hard
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 performs
communication processing via a network, including the
Internet.

£0377]



[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 to). The MPEG decoder 1017 decodes the audio packets constituting the
extracted stream and supplies the audio data obtained thereby to the audio signal processing circuit
1022, and also decodes the video packets constituting the stream and supplies video data obtained
thereby to the video signal processing circuit 1018. Also, 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. [0408]  The television receiver 160Q gludes the above-described image decoding :
apparatus 500 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 apparatad 800. §0407lve ASHNihe casecafibe imagendecading appegatus 500, the MPEG
decoder 1017 appropriately decodes encoded data for which the selection of the | PCM mode is

controlled in-GAifts ¥ EUE Whith AR ERaRE  thah EEURYFALE, BRANMPEG et 19 Ris capable of
realizing a deggaase in sedudant pipeessinadet encadigand g dgereass i fadundgnt nformation

included in the encoded data. Accordingly, the -1
semiconductor memory is loaded thereto as appropriate, and a
computer program read out therefrom is installed in the
storage unit €13 as necessary.
{0378}

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.

[0379]

The recording medium is constituted by, for example, as
illustrated in Fig. 21, the removable medium 621 which is
provided separately from the main body of the apparatus to
distribute & 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)), a magneto-optical disc {including an MD
(Mini Disc}), or a semiconductor memory. Alternatively, the
recording medium is constituted by the ROM 602 containing
the program recorded thereon or a hard disk included 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



MPEG decoder 1017 is capable of realizing enhanced encoding efficiency while suppressing a
decrease in the efficiency of encoding processing. [0408]  As in the case of the video data supplied
from the video decoder 1015, the video data supplied from the MPEG decoder 1017 undergoes certain
processing in the video signal processing circuit 1018, video data or the like generated in the graphic
generation circuit 1019 is superposed thereon as appropriate, the video data is supplied to the display
panel 1021 via the panel drive circuit 1020, and the image thereof is displayed. [0409] As in the
case of the audio data supplied from the audio A/D converter circuit 1014, the audio data supplied
from the MPEG decoder 1017 undergoes certainprocessing in the audio signal processing circuit
1022, is supplied to the audio amplifier circuit 1024 via the echo cancellation/audio synthesis circuit
1023, and undergoes D/A conversion processing and amplification processing. As a result, audio
adjusted toadweraeertain volume is output from the speaker 1025. [0410]  Also, the television
receiver 1000 includes a microphone 1026 and an A/D converter circuit 1027. - 133 - [0411] The
A/D convertet iftlit 1027 receives a signal of user's voice captured by the microphone 1026 that is

provided in the telayision seceiver 1000:fox veiceeanversation. performs ALD conversion processing on
the received audio signal, and supplies obtained digital audio data to the echo cancellation/audio
synthesis cireuivl028. [0A%Hssing operations are performed in time series

in accordance with the order described in this description,

or may be a program in which processing operations are

performed in parallel or at necessary timings, for example,

when the processing operaticns are called.

[0381]

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

[0382]

Also, in this description, & "system" is an entirs
apparatus constituted by a plurality of devices.
[0283]

Also, the configuration described above as a single
device (or preocessing unit) may be divided into a pluraiity
of devices {or processing units}. In contrasi, the
configuration described above as a plurality of devices (or
processing unite) may be combined into a single device (or
processing unit). Also, a configuration other than that

described above may of course be added to the configuration



In a case where audio data of a user (user A) of the television receiver 1000 is supplied from the A/D
converter circuit 1027, the echo cancellation/audio synthesis circuit 1023 performs echo cancellation
on the audio data of the user A, and causes audio data which is obtained through synthesis with other
audio data to be output from the speaker 1025 via the audio amplifier circuit 1024. [0413]
Furthermore, the television receiver 1000 includes an audio codec 1028, an internal bus 1029, an
SDRAM (Synchronous Dynamic Random Access Memory) 1030, a flash memory 1031, the CPU
1032, a USE (Universal Serial Bus) I/F 1033, and a network I/F 1034. [0414]  The A/D converter
circuit 1027 receives a signal of user's voice captfed-by the microphone 1026 that is provided in the
television receiver 1000 for voice - 134 - conversation, performs AID conversion processing on the
received audio signal, and supplies obtained digital audio data to the audio codec 1028. [0415] The
audio code®31098convetslfiesaudivvdatassupplied Frsathé 1 Dedrhdarter circuit 1027 into data of a

certain forn%%trf%g%gg éttin it via a neéwgﬁl: and %J%plies the audigodata to the net\¥ork I/F 1034 via

) d .
the internal bus 1029. [0416 s ﬁlg naetwor I/ISC:’LIE) }l |§%%%ﬁ%%t§dl gpn%lf\?v%ﬁ?&aoa cable attached

to a network:errsingd 1836y Fhemetwork 1034 transinitsraudiodatasupplied fram the audio codec
1028 to another apparatus connected to the network, for example. Also, the network I/F 1034 receives,

via the networkitermiifdl 1935 ailis eata irandAiit & fronT anbeResEiparatus. tonmeated via the
nenNo”Qfoﬁgxgggwﬁéggj%Hpeg%sgg%figuration of another device {or

ancther processing unit), That is, the embodiments of the
present technology are noit limited to the above-described
embodiments, and variocus modifications can be made without
deviating from the gist of the present technology.

[6384]

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. Also, each of
ﬁhe NAL encher 331, the CU encoder 332, the I PCM flag
generator 341, the PCM deciding unit 342, the deblocking
filter 351, the pixel sorting unit 352, the filter
coefficient calculator 353, and the filtering unit 354
illustrated in Fig. 8 may be configured as an independent
device.

[0385]

Furthermore, each of the input data amount calculator
361, the PCM determiﬁing unit 362, the éncoding controllier
363, the adaptive shift controller 364, and the filter
controller illustrated in Fig. 9 may be configured as an

independent device.



audio data to the audio codec 1028 via the internal bus 1029. [0417] - The audio codec 1028
converts the audio data supplied from the network I/F 1034 into data of a certain format, and supplies
the data to the echo cancellation/audio synthesis circuit 1023. [0418] The echo cancellation/audio
synthesis circuit 1023 performs echo cancellation on the audio data supplied from - 135 - the audio
codec 1028, and causes audio data obtained through synthesis with other audio data to be output from
the speaker 1025 via the audio amplifier circuit 1024. [0419] The SDRAM 1030 stores various

pieces of data necessary for the CPU 1032 to perform processing. [0420]
- 126 -

[0386]

Alternatively, these processing units may be
arbitrarily combined together to constitute an independent
device. Of course, these processing units may be combined
with an arbitrary processing unit illustrated in Fig. 7 to
Fig. 9, 5r may be combined with a processing unit which is
not illustrated..

103877

This 1s the same in the image decoding apparatus 500.
For example, each of the lossless decoder 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 531, the CU decoder 532, the I PCM flag
buffer 541, the PCM controller 542, the deblocking filter
551, the pixel scrting unit 552? and the f£iltering unit 553
illustrated in Fig. 16 may be configured as an independent
device.

[0388]

Furthermore, these preocessing units may be arbitrarily
combined together to constitute an independent device. Of
course, these processing units may be combined with an
arbitrary processing unit illustrated in Fig. 15 and Fig. 16,
or may be combined with a processing unit which is not
iliustrated.

[0383]



The flash memory 1031 stores a program executed by the CPU 1032. The program stored in the flash
memory 1031 is read out by the CPU 1032 at a certain timing, for example, at the start-up of the
television receiver 1000. The flash memory 1031 also stores EPG data obtained via digital
broadcasting and data obtained from a certain server via a network. [0421] For example, the flash
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 1029, for example, under control performed by the CPU
1032. [0422] The MPEG decoder 1017 precésses-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 - 136 -
receiving content data of video, audio, or the like via a network, decoding the data using the MPEG
decoder 1017, amdleausifigthe ¥ideo. to béldisplayed oidbe nlidigitd beartpu §d428]  Also, the
television receiver 1000 includes a light receiver 1037 that receives an infrared signal transmitted from

a remote cGHFG TR [B4241 "2 Fhe fgift teeaivardsT reeRds &F iffPRelady Fofthe remote
control 105} -and outputs a contigk code reprasentingsthe.detalof 2 user.gperation obtained through

demodulation to the CPU 1032.
thereof will be described.
£0390]
<4, Fourth embodiment>
[Television receiver]

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

[0391]

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

[0392]

The terrestrial tuner 1013 receives a broadcast wave
signal of terrestrial analog broadcasting via an antenna,
decodes the signal, obtains a video signal, and supplies the
video signal to be video decoder 1015. The video decoder
1015 performs decoding processing on the video signal
supplied from the terrestrial tuner 1013, and supplies a
digital component signal cobtained thereby to the video

signal processing circuit 1018,



[0425] The CPU 1032 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. [0426] The USB I/F 1033 transmits data to/receives data from an
external apparatus of the television receiver 1000, the apparatus being connected via a USE cable
attached to a USE terminal 1036. The network I/F 1034 connects to a network via a cable attached to
the network terminal 1035, and - 137 - transmits/receives data other than audio data to/from various
apparatuses connected to the network. [0427} 1Z@he-television receiver 1000 includes the image
decoding apparatus 500 serving as the MPEG decoder 1017, thereby being capable of realizing
enhancement of encoding efficiency of content data while suppressing a decrease in the efficiency of
encoding pridtEssing at the time of generating the content data, which is obtained via a broadcast

< >
wave signal recelrygd V|aggoarétggrqéalorparggte%%&kd 0428gcu51tF|fth fgngggl%%rgs [Mobile phone]

certain processing, such as noilse reduction, on the video
data supplied from the video deccder 1015, and supplilies the
cbtained video data to the graphic generation circuit 1019.
[0394;

The graphic generation circuit 1019 generates, for
example, video data of a program which is to be displayed on
the display panel 1021, or generates image data by
performing processing based on an application supplied via a
network, and supplies the generated video data or image data
to the panel drive circuit 1020. Also, the graphic
generation circuit 1019 performs, as a@propriate, processing
of generating video data (graphic) for displaying a screen
which is used by a user to select an item or the like, and
supplying video data which is obtained by superposing the
generated video data on video data of a program to the panel
drive circuit 1020.

[0395]

The panel drive circuit 1020 drives the display panel
1021 on the basis of the data supplied from the graphic
generation circuit 1019, and causes the display panel 1021
to display video of a program or the above-described variocus

~ screens. “

[0396]



Fig. 23 is a block diagram illustrating a main example configuration of a mobile phone that includes the
image encoding apparatus 300 and the image decoding apparatus SOO. [0429]  The mobile phone
1100 illustrated in Fig. 23 includes a main controller 1150 configured to collectively control individual
units, a power supply circuit 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, a recording/reproducing unit 1162, a modulation/demodulation circuit unit 1158, and an audio
codec 1159. These are - 138 - connected to one another via a bus 1160. [0430]  Also, the mobile
phone 1100 includes an operation key 1119, a- CCI® (Eharge Coupled Devices) camera 1116, a liquid
crystal display 1118, a storage unit 1123, a transmission/reception circuit unit 1163, an antenna 1114,
a microphone 1121, and a speaker 1117. [0431] When a call ends or a power key is turned on
through a user opératich, Sthéépb@@mgipél??ﬁ{cm uminEI5 T soppliey pewekdont alkgattery pack to the

individual units, thereby bringing the mobil one 1100 into an operable state. [0432]  The mobile
phone 110 p@ﬁgrr%s%/ar Tg peratlglﬁs s(fu%h Fas HahsTiESioRTi2cBpis of arfaudio signal,

transmlsswpérsgeaﬂplamagcﬁlgsyeﬂlclmagﬁdmc@atﬁlmag%&@PM%ﬁ%éoresg)rdmg in
various modes, such

the panel drive circuit 1020.

[6397]

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

[0398]

The terrestrial tuner 1013 demodulates a received
broadcast wave signal, and thereby obtains an audic signal
as well as a video signal. The terrestrial tuner 1013
supplies the obtained audio signal to the audio A/D
converter circuit 1014.

[0399]

The audioc A/D converter circuit 1014 performs A/D
conversion processing con the audio signal supplied from the
terrestrial tuner 1013, and supplies a digital audio signal
obtained thereby to the audio signal processing circuit 1022.
[0400]

The audio signal processing circult 1022 performs

certain processing, such as ncise reduction, on the audio

data supplied from the audio A/D converter circuit 1014, and



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, a ROM, a RAM, and so forth. [0433]  For example, in the
audio call mode; the mobile phone 1100 converts an audio signal collected by the microphone 1121
into digital audio data using the audio codec 1159, performs spectrum spread processing thereon
using the - 139 - modulation/demodulation circuit unit 1158, and performs digital-to-analog conversion
processing and frequency conversion processing using the transmission/reception circuit unit 1163.
The mobile phone 1100 transmits a signal to be transmitted obtained though the conversion
processing to a base station (not illustrated) via thé@ntenna 1114. The signal to be transmitted (audio
signal) transmitted to the base station is supplied to a mobile phone of the other end of a call via a
public telephone line network. [0434] Also, for example, in the audio call mode, the mobile phone
1100 amplifiatra Féesptiont Sigritd tecavéd byathetdstenha 114 4tbsingdhe transmission/reception
circuit unit 1163, gt_frfg%ﬂ gg?orms fregrgnegr]%/ c,onversion_proceﬁsing and analog-to-digital conversion

processing,cpaeanorms Spec A ihTe presaﬁpr%%léggijnb dd 8‘the modulation/demodulation circuit

unit 1158, anglaponverts the signal into an analog audio signal using the audio codec 1159. The mobile
phone 1100 outputs the analog audio signal obtained through the conversion from the speaker 1117,
[0435] Furtheiéres forexamprid, lin thewbsedfaransmittizg anelectrortic At in the data

communlcatlgn nigge, I;Ceemobl ?hdph(?ne 1100 afgepts in the operation input controller 1152, the text

data of the 8letORIE maltinput throtghart PP+ +ed from the zudio signal

processing circuit 1022 te the audio amplifier circuit 1024,
[04c2]

The audio amplifier circuit 1024 performs D/A
conversion processing and amplification processing on the
audio data supplied from the echo cancellation/audio
synthesis circuit 1023, adjusts the audio data sc as to have
a certain velume, and causes audio to be output from the
speaker 1025,

[0403]

Furthermcre, the television receiver 1000 includes a
digital tuner 1016 and an MPEG decoder 1017.

[04G4]

The digital tuner 1016 receives a broadcast wave signal
of digital broadcasting (terrestrial digital broadcasting,
B3 (Broadcasting Satelliite)/CS (Communications Satellite)
digital broadcasting) via an antenna, demodulates the signal,
cbtains 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



- 140 - operation of the operation key 1119. The mobile phone 1100 processes the text data using the
main controller 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 mobile phone 1100 generates, in the
main controller 1150, electronic mail data on the basis of the text data or a user instruction accepted
by the operation input controller 1152. The mobile phone 1100 performs spectrum spread processing
on the electronic mail data using the modulation/demodulation circuit unit 1158, and performs
digital-to-analog conversion processing and frequency conversion processing using the
transmission/reception circuit unit 1163. The mobilé phone 1100 transmits a signal to be transmitted
obtained through the conversion processing to a base station (not illustrated) via the antenna 1114.
The signal to be transmitted (electronic mail) transmitted to the base station is supplied to a certain
destination "2 riétvdtk Bhtka nfainsane? of thélike Sfo4BT} Ris fok exampledhuiéncase of
receiving ap elegr(%nic r@ail in.the data comarnl{rgcati n Enoq%ee, tge mogilll%ggogfg 1100 receives a signal
r

transmitted fPOEm the base station via the antenna 1114 using the fransmissio SggSﬁon circuit unit

1163, amplifiesthev: ddds sigaal, anc-usther performs frequeney seaversion processing and
analog-to-digital conversion processing. The mobile phone 1100 performs spectrum inverse spread
processing SiFftfeereceifed SigHal BEMEFthe Fodtilktivardes olibfatRfErctiednit 115870 restore

original eleganic, gl data. Te foite boge 1100 displaye he festored glecignig mail data on the
liquid crystal display 1118 via the LCD controller 11515.T 4 §] ‘

signal processing circuit 1022, and also decodes the video

packets constituting the stream and supplies video data

obtained thereby to the video signal processing circuit 1018.

Also, 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.

[0406]

The television receiver 1000 includes the above-
described image decocding apparatus 500 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 3G0.
[0407]

As in the case of the image decoding apparatus 550, the
MPEG decoder 1017 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 MPEG decoder
1017 is capable of realizing a decrease in redundant
processing for encoding and a decrease in redundant

information included in the encoded data. Accordingly, the



Additionally, the mobile phone 1100 is also capable of causing the received electronic mail 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 medium. The storage unit 1123 may be, for
example, a semiconductor memory, such as a RAM or a built-in flash memory, a hard disk, or a
removable medium, such as a magnetic disk, a magneto-optical disc, an optical disc, a USB memory,
or a memory card. Of course, other types of media may be used. [0440]  Furthermore, for example,
in the case of transmitting image data in the data communication mode, the mobile phone 1100
generates image data through image capturing usiig the - 142 - CCD camera 1116. The CCD camera
1116 includes optical devices, such as a lens and a diaphragm, and a CCD serving as a photoelectric
conversion element, captures an image of a subject, converts the intensity of received light into an
electric sighEand gereatesimagesdatrobie infagesof. theisgbjech aite € G cadhiera 1116 encodes

the image deag?iucsi'n the irplaqe encoder 1153 via tge camera I/F unjt 1154, thereby converting the
image data’fito encoded image data 027119 Th& Rt Fhdre T1B0SACHICREY abbve-described

image encading @ppgraius 209 serying 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 th&9I8PCM mode in units of CUs, which are smaller than LCUs. That is, the image encoder
1153 is capable q{ futher%:Eedu(%ré%Ire(%ur%%ant‘;)r cess'ng for encoding, and is also capable of further
reducing redundani information ncluded in encode aata?AE(‘%BPdlfﬁﬁlg, PIn&gE encoder 1153 is

capable of enhaacingancoding efficiency whilesunprassing s decreass-nthe effigigncy of encoding
processing. [0442] In addition, at the same Lime, the mobile phone 1100 performs, in the audio

codec 115%gri6d-td-Yiditaltdnversionanr aadio collectsd bydhé michephomee121 during

signal processing circuit 1018, video data or the like
generated in the graphic generation circuit 1019 is
superposed thereon as appropriate, the video data is
supplied to the display panel 1021 via the panel drive
circuit 1020, and the image thereof is displayed.
[(0409]

As in the case of the audio data supplied from the
audio A/D converter circuit 1014, the audio data supplied
from the MPEG decoder 1017 undergoes certain processing in
the audio signal processing circuilt 1022, is supplied to the
audio amplifier circuit 1024 via the echo cancellation/audio
éynthesis circuit 1023, and undergoes D/A conversion
processing and amplification processing. As a result, audio
adjusted to have a certain volume is output from the speaker
1025.

[G410]
Alsc, the television receiver 1000 includes a

micrephone 1026 and an A/D converter circuit 1027.



- 143 - image capturing by the CCD camera 1116, and also encodes it. [0443]  The mobile 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 audio codec 1159 using a certain
method. The mobile phone 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
transmission/reception circuit unit 1163. The mobile phone 1100 transmits a signal to be transmitted
obtained through the conversion processing to-abase-station (not illustrated) via the antenna 1114.
The signal to be transmitted (image data) which has been transmitted to the base station is supplied to
the other end of communication via a network or the like. [0444]  Note that, in the case of not
transmitting liffelgel data, the mobile phone 1100 is capable of causing the image data generated by the
CCD camera 1119 tg b y isgla gd Qn the Ii(l;uid,cry%?gislplay 1118 via the LCD controller 1155, not
via the image encoder 1153-[0445] 143" " A1s0, for XARMPIESH the®c4SE of fdceiving data of a

moving imagedite thatds diakedde.a-sinple web page:erthedikelinthedata communication mode, the
mobile phone 1100 receives a signal transmitted from a base station via the antenna 1114 using the
transmissioRfieEepich ticiit anitelee3, dmplifies thievsignal Ghdterthey performs frequency
conversion gcr)%%ees%nague_lgg anaelg:gg%!gsigi ?Dconversion ,processin% thereon. The mobile phone 1100
performs spectrum inverse ’sp?ea processing O the Tec8lv solﬁ Slsfonl%s?&etgﬁginal multiplexed
data using thedaeodulationidemedylation eireuitupit 1188. Theanabie phone-110Q,demultiplexes the

multiplexed data into encoded image data and audio data using the multiplexer/demultiplexer unit
1157. data to the echo cancellation/audic synthesis circuit 1023.
[0412]

In & case where audio data of a user (user A) of the
televislon receiver 1000 is supplied from the A/D converter
circuit 1027, the eche cancellation/audio synthesis circuit
1023 performs echo cancellation on the audio data of the
user A, and causes audio data which is obtained through
gsynthesis with other audic data to be output from the
speaker 1025 via the audio amplifier circuit 1024.

[0413]

Furthermore, the television receiver 1000 includes an
audio codec 1028, an internal bus 1029, an SDRAM
{8ynchronous 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 of

user's voice captured by the micropheone 1026 that is

provided in the television receiver 1000 for voice



[0446] The mobile phone 1100 decodes the encoded image data using the image decoder 1156 to
generate reproduced moving image data, and causes the data to be displayed 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 displayed on the liquid crystal display 1118.
[0447] The mobile phone 1100 includes the above-described image decoding apparatus 500
serving as the image decoder 1156 for performing such processing. That is, as in the - 143 - case of
the image decoding apparatus 500, the image decoder 1156 appropriately decodes encoded data for
which the selection of the | PCM mode is contralled ia units of Otis, which are smaller than LCUs.
Thus, the image decoder 1156 is capable of realizing a decrease in redundant processing for encoding
and a decrease in redundant information included in the encoded data. Accordingly, the image
decoder 11hmiseapablenof reatiziogenitafcecbeneadihgrefficieney svhike suppressing a decrease in
the efficiency of encoding processing. [0448] At this time, the mobile phone 1100 converts digital
audio dataiRfFaN 2t AGG BRIdfo- St UEHY HEPRAdiB LRSS SHf tidde &t Signal to be output
from the SPES kaertlolltzi@A%g% !5‘9%58&61(@%).'& audio data included the moving image file linked to
the simple web page Is reproduced. [0449] Note that, as in the case of an electronic mail, the
mobile phone411Q0 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 via the recording/reproducing unit 1162.
The audio codec 1028 converts the audio data supplied

from the A/D converter circuit 1027 into data of a certain

format for transmitting it via a network, and supplies the

audioc data to the network I/F 1034 via the internal bus 1028.

[0416]

The network I/F 1034 is connected to a network via a
cable attééhed to a network terminal 1035. The network I/F
1034 transmits audio data supplisd from the audioc ccdec 1028
to another apparatus connected to the network, for example.
Also, the network I/F 1034 receives, via the network
terminal 1035, audio data transmitted from another apparatus
connected via the network, for example, and supplies the
audio data to the audio codeé 1028 via the internal bus 1029.
[0417]

The audio codec 1028 converts the audio data supplied
from the network I/F 1034 into data of a certain format, and
supplies the data to the echo cancellaticn/audio synthesis
circuit 1023.

[041is]
The echo cancellation/audic synthesis circuit 1023

performs echo cancellation on the audic data supplied from



[0450] Also, the mobile phone 1100 is capable of analyzing a - 146 - two-dimensional code obtained
by the CCD camera 1116 through image capturing and obtaining information recorded in the
two-dimensional code using the main controller 1150. [0451]  Furthermore, the mobile phone 1100
is capable of communicating with an external apparatus through an infrared ray using an infrared
communication unit 1181. [0452] By including the image encoding device 300 serving as the image
encoder 1153, the mobile phone 1100 is capable of enhancing encoding efficiency while suppressing
a decrease in the efficiency of encoding processing, for example, when encoding and transmitting
image data generated by the CCD camera 11165 §8453]  Also, 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 encoding

processing @t the (ime of generatinmthe data-tencoded datg) 9f aimayvingsimage fileinked to a simple
web page or the like.

synthesis with other audic data to be ocutput from the

speaker 1025 via the audio amplifier circuit 1024.

[0419]

The SDRAM 1030 stores various pleces of data necessary
for the CPU 1032 to perform processing.
[0420]

The flash memcry 1031 stores a program executed by the
CPU 1032. The program stored in the flash memory 1031 is
read out by the CPU 1332 at a certain timing, for example,
at the start-up of the television receiver 1000. The flash
memery 1031 alsc stores EPG data cobtained via digital
broadcasting and data obtained from a certain server via a
network.

[o4a21]

For example, the flash 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 1029, for example, under control
performed by the CPFU 103Z.

[c4z223

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



[0454]  Note that, although a description has been given above that the mobile phone 1100 includes
the CCD camera 1116, an - 147 - image sensor 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 subject and generating image data
of the image of the subject, as in the case of using the CCD camera 1116. [0455] Also, although a
description has been given above of the mobile phone 1100, the image encoding apparatus 300 and
the image decoding apparatus 500 can be applied to any apparatus having an image capturing
function and a communication function similac.to, Hse of the mobile phone 1100, such as a PDA
(Personal Digital Assistants), a smart phone, a UMPC (Ultra Mobile Personal Computer), a net book,
or a notebook personal computer, as in the case of the mobile phone 1100. [0456] <6. Sixth

embodimentzJbard, disk reerderha « SFigs 241ig aoblogk giagrag iliustratinga giain £xample
configuration of a hard disk recorder that includes the image encoding apparatus 300 and the image
decodnmgappanggggxuhcoding the data using the MPEG dececder 1017, and

causing the video to be displayed or the audic to be output.

[0423]

Also, the television receiver 1000 includes a light
receiver 1037 that receives an infrared signal transmitied
from a remote control 10Z:1.

[0424]

The light receiver 1037 receives an infrared ray from
the remote control 1051, and outputs a control code
representing the detail of a user operation obtained through
demodula%ion to the CPU 103Z.

[0425]

The CPU 1032 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 net illustrated.

[04Z5]

The USBE I/F 1032 transmits data to/receives data from
an external apparatus cf the televisicn receiveﬁ 1000, the
apparatus being connected via a USB cable attached to & USB
terminal 1036. The network I/F 1034 connects to a network

via a cable attached to the network terminal 1035, and



[0457] The hard disk recorder (HDD recorder) 1200 illustrated - 148 - 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 signal (television signal) that is transmitted by a satellite, an antenna on the ground, or
the like and that is received by a tuner, and that provides the stored data to a user at a timing
corresponding to an instruction provided by the user. [0458]  The hard disk recorder 1200 is capable
of, for example, extracting audio data and video data from a broadcast wave signal, appropriately
decoding them, and causing them to be stored in the hard disk built therein. Also, the hard disk
recorder 1200 is capable of, for example, obtainipg-audio data and video data from another apparatus
via a network, appropriately decoding them, and causing them to be stored in the hard disk built
therein. [0459] Furthermore, the hard disk recorder 1200 is capable of, for example, decoding

audio data and yidea data reqorded.on the;hatd. disk byilg thergin, supplying them to a monitor 1260,

causing the image thereof to be displayed on the screen of the monitor 1260, and causing the audio
thereof to be=otitput frepp the: speakerohthecmeditor1266. Alsoythé hard disk recorder 1200 is capable
of, for examf%lg,2 q?coding audio data and video data extracted from a broadcast wave - 149 -

The television resceiver 1000 includes the image
decoding apparatus 500 serving as the MPEG decoder 1017,
thereby being capable of realizing enhancement of encoding
efficiency of content data while suppressing & 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.
[04281
<%, Fifth embodiment>
[{Mobile phone]

Fig. 23 is & block diagram illustrating a main example
configuration cf a mobile phone that includes the imags
encoding apparatus 300 and the image decoding apparatus 5006,
[0429]

The mobile pheone 1100 illustrated in Fig. 23 includes a
main controller 1150 configured to collectively control
individual units, & power supply circuit unit 1151, an
operation input centroller 1152, an image encoder 1153, a
camera I/F unit 1154, an LCD controller 1155, an image
decoder 1156, a multiplexer/demultiplexer unit 1157, a
regording/repreducing unit 1162, a modulation/demodulation

circuit unit 1158, and an audio codec 1158. These are



signal obtained via a tuner or audio data and video data obtained from another apparatus via a
network, supplying them to the monitor 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 speaker of the monitor 1260.
[0460] Of course, another operation can be performed. [0461]  As illustrated in Fig. 24, the hard disk
recorder 1200 includes a receiving unit 1221, a demodulating unit 1222, a demultiplexer 1223, an
audio decoder 1224, a video decoder 1225, and a recorder controller 1226. The hard disk recorder
1200 further includes an EPG data memory 1227, a program memory 1228, a working memory 1229,
a display converter 1230, an OSD (On Screen_Display) controller 1231, a display controller 1232, a
recording/reproducing unit 1233, a D/A converter 1234, and a communication unit 1235. [0462] Also,
the display converter 1230 includes a video

connected to one another via a bus 1160.
[0430]

Also, the mobile phone 1100 includes an operation key
1118, a CCD (Charge Coupled Devices) camera 1116, a liguid
crystal dispiay 1118, a storage unit 1123, a
transmission/reception circuit unit 1163, an antenna 1114, a
microphone 1121, and a speaker 1117.

(04311

When a call ends or a power key is turned on thrcough a
user cperation, the power supply circuit unit 1151 supplies
power from a battery pack to the individual units, thereby
bringing the mobile phone 1100 into an operable state.
(04321

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

[0433]

For example, in the audio call mode, the mobile phone
1100 converts an audic signal collected by the microphone
1121 into digital audic data using the audio codec 1159,

performs spectrum spread processing thereon using the



encoder 1241. The recording/reproducing unit 1233 includes an encoder 1251 and a decoder 1252.
[0463] The receiving unit 1221 receives an infrared signal from a remote control (not illustrated),
converts the signal - 150 - into an electric signal, and outputs the electric signal to the recorder
controller 1226. The recorder controller 1226 is constituted by, for example, a microprocessor or the
like, and executes various processing operations in accordance with a program stored in the program
memory 1228. At this time, the recorder controller 1226 uses the working memory 1229 as necessary.
[0464] -

- 139 -

modulation/demodulation circuit unit 1158, and performs
digital-to-analog conversion processing and frequency
conversion processing using the transmission/reception
circuit unit 1163. The mobile phone 1100 transmits a signal
to be transmitted obtained though the conversion processing
to a base station (not illustrated) via the antenna 1114.
The signal to be transmitted (audic signal) transmitted to
the base station is supplied to a mobile phone.of the other
end of a call via a public telephone line network.

[0434]

Alsc, flor example, in the audic call mode, the mobile
phone 1100 amplifies a reception signal received by the
antenna 1114 using the transmission/reception circuit unit
1163, further performs freguency conversion processing and
analog-to-digital conversion processing, performs spectrum
inverse spread processing using the modulatien/demcdulation
circuit unit 1158, and converts the signal into an analog
audio signal using the audic codec 1159. The mobile phone
1100 outputs the analog audioc signal obtained through the
conversicon from the speaker 1117.

[G435]

Furthermore, for example, in the case of transmitting
an electronic mail in the data communication mode, the
mobile phone 1100 accepts, in the operation input controller

1152, the text data of the electronic mail input through an



The communication unit 1235 is connected to a network, and performs communication processing with
another apparatus via the network. For example, the communication unit 1235 is controlled by the
recorder controller 1226, communicates with a tuner (not illustrated), and outputs a channel selection
control signal mainly to the tuner. [0465]  The demodulating unit 1222 demodulates the signal
supplied from the tuner and cutouts the signal to the demultiplexer 1223. The demultiplexer 1223
demultiplexes the data supplied from the demodulating unit 1222 into audio data, video data, and EPG
data, and outputs them to the audio decoder 1224, the video decoder 1225, and the recorder controller
1226, respectively. [0466]  The audio decoder 1324 decodes the audio data input thereto, and
outputs the audio data to the - 151 -

ocperation of the operation key 1112. The mobile phone 1100
processes the text data using the main controller 115G, and
causes the text data to be displaved as an image on the
liquid crystal display 1118 via the LCD controller 1155.
104361

Also, the mobile phone 1100 generates, in the main
controller 1150, electronic mail data on the basis of the
text data or a user instruction accepted by the operation
input controllér 1152. The mobile phone 1100 performs
spectrum spread processing on the electronic mail data using
the modulation/demodulation circuit unit 1158, and ?erforms
digital-to-analog conversion processing and freguency
conversion processing using the transmission/reception
clrcult unit 1163. The meobile pheone 1100 transmits a signal
o be transmitted cbtained through the conversion processing
to a base station {not iliustrated} via the antenna 1114.
The signal to be transmitted (electronic mail} transmitted
to the base .station is supplied to a certain destination via
a network and a mail server or the like.

[0437]

Rlso, for example, in the case 0f receliving an
electronic mail in the data communication mode, the mobile
phone 1100 receives a signal transmitted from the base
station via the antenna 1114 using the

transmission/reception circuit unit 1163, amplifies the



recording/reproducing unit 1233. The video decoder 1225 decodes the video data input thereto, and
outputs the video data to the display converter 1230. The recorder controller 1226 supplies the EPG
data input thereto to the EPG data memory 1227 so as to store it therein. [0467]  The display
converter 1230 encodes, with the video encoder 1241, the video data supplied from the video decoder
1225 or the recorder controller 1226 into video data of an NTSC (National Television Standards
Committee) format, for example, and outputs the video data to the recording/reproducing unit 1233.
Also, the display converter 1230 converts the size of the screen of the video data supplied from the
video decoder 1225 or the recorder controller 1224 into the size corresponding to the size of the
monitor 1260, converts the video data into video data of the NTSC format with the video encoder
1241, converts the video data into an analog signal, and outputs the analog signal to the display

controller 1232»[0468]na flhe display contraller=123z; supernasesdhe:QsD-signak gutpyt from the
OSD (On Screen Display) controller 1231 on the video signal input from the display converter 1230

under contr@l&@eﬁmﬁr@kbﬁh’é @é@@ﬂe@@@ﬁﬁmﬁéPM%O@@t@ai@ﬁ to tReadizplayisf the monitor 1260,

and causes l'hto be 5 r%/ed thereon [O469£ Also, the monitor 1260 is supplled with the
audio data WHIGT has e S BUB UL oM The autic Jocoasr 1934 FhdWRIHTas Be&R converted into an

analog signal by-thediA gonveren 1234 nEhe waoniter1260 gutpids thisaudig,signal from the speaker
built therein. [0470]
. circuit unit 1138 to restore original electronic mail data.

The mobile phone 1100 displays the restored electrconic mail
data on the liquid crystal display 1118 via the LCD
controller 1155. |

[0438]

Additionally, the mobile phone 1100 is also capable of
causing the received elactronic mail data to be recorded
{stored) in the storage unit 1123 wia the
recording/reproducing unit 1162.

[0439]

The storage unit 1123 is an arbitrary rewritable
storage medium. The storage unit 1123 may be, for example,
a semiconductcer memory, such as a RAM or & built-in flash
memory, & hard disk, or a remcvable medium, such as a
magnetic disk, a magneto-cptical disc, an optical disc, a
USEB memory, or a memory card. Of course, cother types of
media may be ussd.

(04403

Furthermore, for example, in the case of transmitiing

image data in the data communication mode, the mobile phone

1100 generates image data through image capturing using the



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. [0471] The recording/reproducing unit 1233
encodes, with the encoder 1251, the audio data supplied 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 composite data to amplify
it, and writes the data on the hard disk via a recargling-head. [0472] The recording/reproducing unit
1233 reproduces the data - 153 - recorded on the hard disk via a reproducing head, amplifies the
data, and demultiplexes the data into audio data and video data using a demultiplexer. The

recording/reprodugiag 4nit 1233 decedespwithribe-decoder 1252, 4 avgio data and the video data.
The recording/reproducing unit 1233 D/Aconverts the decoded audio data and outputs the audio data
to the speaker bf#ife nFostor2E260. 14186, tiecretoidinghepidducing umitCt233 BYAcshverts the

decoded video dat%qgcgaggt(pu;g Ct:he (\j/idveordata toe emdirslglayﬁogt e r’réonigcr)lr ]i%6a0.e[0423] The
recorder comtrdlier 1296 feads ot the latest EPG data Trom the datd me‘mo?y 1327 on the basis

of a user instrygtignsepresented-hy aminfraredrsigng! whichds supplied feom the¥emate control and
which is received via the receiving unit 1221, and supplies the EPG data to the OSD controller 1231.

The OSD cohtotiet 3 231d9geraratesiinggge tats eoirespendimgetothe ihput BPE dafa, and outputs the
image data to the display coptroller 1232. The djsplay contrgller 1232 outputs the video data input from
RATRIL (o e Ty O Trontof (900 AR0 cAeck e viiBe

the OSD controlier fo the display of the tonitor &6 Uata to be displayed
thereon. Aceordingiy,.an &R§ (electranpic progsam guide) is-displayed en the display of the monitor

1260. [0474]

thereby converting the images data into encoded image data.
[04417

The mobile phone 1100 includes the above-described
image encoding 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 radundant
processing for encoding, and is also capable of further
reducing redundant information included in encoded data.
Accordingly, the image encoder 1153 is capable cof enhancing
encoding efficiency while suppressing a decrease in the
efficiency of encoding processing.
[0442]

In addition, at the same time, the mobile phone 1100
performs, in the audio codec 1158, analog-to-digital

conversion on audio collected by the microphene 1121 during



-154 -  Also, the hard disk recorder 1200 is capable of obtaining various pieces of data, such as
video data, audio data, or EPG data, supplied from another apparatus via a network, such as the
Internet. [0475] The commu ication unit 1235 is controlled by the recorder controller 1226, obtains
encoded data of video data, audio data, EPG data, and so forth transmitted from another apparatus
via a network, and supplies the encoded data to the recorder controller 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 encoded data. At this time, the
recorder controller 1226 and the recording/reprogyging unit 1233 may perform processing, such as
re-encoding, as necessary. [0476]  Also, the recorder controller 1226 decodes the obtained
encoded data of video data and audio data, and supplies the obtained video data to the display

converter 1230, Thedisplay-conyertard 23dprocesses the yideg data supplied from the recorder

controller 1226, like the video dafa supplied from the video decoder 1225, supplies the Video data to
the monitor (1283 Via the display controller 1232, and causes the image thereof to be displayed
thereon. - 155 - '

The mobile 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 audio codec 1159 using a certain
method. The mobile phone 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
fregquency conversion processing using the
transmission/reception circuit unit 1163. The mobile phone
1100 transmits a signal to be transmitted obtained through
the conversion processing to a base station (not
illustrated} wvia the antenna 1114. The signal to be
transmitted {image data) which has been transmitted to the
base staticn is supplied to the other end of communication
via a network or the like.

[0444]

Note that, in the case of not transmitting image data,
the mobile phone 1100 is capable of causing the image data
generated by the CCD camera 1116 to be displayed on the
liguid crystal display 1118 via the LCD controller 1155, ncot
via the image enccder 1153.

[0445]



[0477]  Also, in accordance with display of the image, the recorder controller 1226 may supply
decoded audio data to the monitor 1260 via the D/A converter 1234 and cause the audio to be output
from the speaker. [0478] Furthermore, the recorder controller 1226 decodes the obtained encoded
data of the EPG data, and supplies the decoded EPG data to the EPG data memory 1227. [0479]

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 controller 1226.
That is, the video decoder 1225, the decoder 1252, and the decoder included in the recorder controller
1226 appropriately decodes encoded data forwhigh the selection of the | PCM mode is controlled in
units of CUs, which are smaller than LCUs, as in the case of the image decoding apparatus 500.
Accordingly, the video decoder 1225, the decoder 1252, and the decoder included in the recorder

controller 1226 is xapabler ot realizing a,decrease in-redundantyrecessingdar-eneading and a
decrease in redundant information included in the encoded data. Accordingly, the video decoder 1225,
the decodeF?2529and#§e detbtlek ifcdtudéd i thefedorder eénélerE226 ate -t56-heapable of

realizing enhanced encoding efficiency while suppressing %gecre se.in the efficiency of encoding
processing.lﬁlfogfgojLn q:I[Haere o“r%, e hard %laéi(*fglgo?géireiz is cm%éb%' ggaﬁzi%%éénhanced

encoding effisiency-6f data:while suppressing adecrease intheefficienceynofanrcadiag processing
when generating video data (encoded data) received by the tuner or the communication unit 1235 or
video data Enecdieied dathf reprotiiceehy: tee FatoTdihgrépredudingumti ¥233.¢ unit
1163, amplifies the signal, and further performs freguency
conversion processing and analog-to-digital conversien
processing therecn. The mobile phone 1100 performs spectrum
inverse spread preccessing con the received signal to restore
criginal multiplexed data using the modulation/demodulation
circult unit 1158. The mcbile phone 1100 demultiplexes the
multiplexed data into encoded image data and audio data
using the multiplexer/demultiplexer unit 1157,
[0446]

The mobile phone 1100 deccdes the encoded image data
using the image decoder 1156 to generate reproduced moving
image data, and causes the data to be displayed con the
liguid crystal display 1118 via the LCD controller 1555.
Accordingly, for example, the moving image data included in
the moving image file linked to the simple web page is
displayed on the liguid crystal display 1118.

[0447]

The mobile phone 1100 includes the above-described

image decoding apparatus 500 serving as the image decoder

1156 feor performing such processing. That is, as in ths



[0481] Also, the hard disk recorder 1200 includes the image encoding apparatus 300 serving as the
encoder 1251. Thus, the encoder 1251 controls the selection of the | PCM mode in units of CDs, which
are smaller than LCUs, as in the case of the image encoding apparatus 300. 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 encoding processing.
[0482] Therefore, the hard disk recorder 1200 is capable of - 157 - enhancing encoding efficiency
while suppressing a decrease in the efficiency-ofiepcading processing, for example, when generating
encoded data to be recorded on a hard disk. [0483]  Note that, although a description has been
given above of the hard disk recorder 1200 that records video data and audio data on a hard disk, any

types of recesdingdnedia-may-gbceursedie ysegoEoexample; the image-gncoding apparatus 300 and
the image decoding apparatus 500 can be applied to a recorder that uses a recording medium other

than a hardldisk, fepexapiple ta flashaneassrycan opticaldise, drvideditapetas in the case of the

above-descsrlebfgchcalrgndlg r%g%rdiei ;Orth%AéSAi]sqc'oSn@c\éeonHeeénbOdlmenp [Camera]

in units of CUs,
wnich are smaller than LCUs. Thus, the image decoder 1156
is capable of realizing a decrease in redundant processing
for encoding and a decrease in redundant information
included in the encoded data. Accordingly, the image
decoder 1156 is capable of realizing enhanced encoding
efficiency whilé suppressing a decrease in the efficiency of
enceding processing.

(04481

At this time, the mobile phone 1100 converts digital
audic data into an analcg audioc signal using the audic codec
1159, and causes the signal to be output from the speaker
1117. Accordingly, for example, audioc data included the
moving image file linked to the simple web page is
reproduced.

[0449]

Neote that, as in the case of an electronic mail, the
mopille 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 wvia the
recording/reproducing unit 1162,

[0450]

Also, the mobile phone 1100 is capable of analyzing a-



Fig. 25 is a block diagram illustrating a main example configuration of a camera that includes the
image encoding apparatus 300 and the image decoding apparatus 500. [0485] 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 a recording medium 1333. [0486] - 158 - A lens block
1311 causes light (that is, 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 electric signal to a camera signal processor 1313. [0487] The camera
signal processor 1313 converts the electric signalgsipplied from the CCD/CMOS 1312 into
color-difference signals of Y, Cr, and Cb, 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

camera signalprocessen 4313 andiencedas with gy encoderd 341, the image signalder control

performed by a controller 1321. The image signal processor 1314 supplies encoded data which is
generated byreaeodrrfthelinmgasighal td aidercodef 4315t Fonthermord sthelimage signal processor
1314 obtains data to be displayed generated by an on screen display (OSD%? 1320, and supplies the
data to the dédoder 1315 °[0488] °%° IF 1ié foregoil procees Hife Cametd Tignal processor 1313 uses
a DRAM (Dypami¢ Random Access Memory) 1318 connected via a bus 1317 as appropriate, and
causes the DRAM 1318 to hold image data, encoded data obtained by encoding the image data, or
the like as necessgarythermore, the mobile phone 1100 is capable of

communicating with an external apparatus through an infrared
ray using an infrared communication unit 1181.
[0452]

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

[0453]

Also, 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 encoding
processing at the time of generating the data (encoded data)
of a moving image file linked to a simple web page or the
like. |
[0454]

Note that, although a description has been given above

that the meobile phone 1100 includes the CCD camera 1116, an



-139-[0489] The decoder 1315 decodes encoded data supplied from the image signal processor
1314, and supplies the image data obtained thereby (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 LCD 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.
[0490] The on screen display 1320 outputs data to be displayed, such as a menu screen made up of
symbols, characters, or figures, and icons, to the image signal processor 1314 via the bus 1317 under
control performed by the controller 1321. [0491]1 47 -

image sensor 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 phcne
1100 is capable of capturing an image of a subject and
generating image data of the image cf the subject, as in ths
case of using the CCD camera 1116.

[0455]

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

[04586]
<6. Sixth embodiment>
[Bard disk recorder]

Fig. 24 is & block diagram illustrating a main example
configuration of a hard disk reccrder that includes the
image encoding apparatus 300 and the image decoding
apparatus 500.

[0457]

The hard disk recorder (HDD recorder) 1200 i1llustrated



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 controls the image
signal processor 1314, the DRAM 1318, an external interface 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. -
160 - [0492]  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
processor 1314 or the decoder 1315. At this time 4tie_controller 1321 may perform encoding/decoding
processing 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 incompatible with

the image signaliprocessek 1334 5dhedecoderd315: {3493] 1 nAlsosderexanple,dn g-case where an
instruction to start printing an image is provided from the operation unit 1322, the controller 1321 reads
out image ddtafrom the'DRAM 434 82aed shipphesiftte aoprirtep18834wrrihactied tathe external

”ﬂeﬁamel%%?xﬁggl bUS13 Zgg rggétwave signal {(television signal)} that

is transmitted by a satellite, an antenna on the ground, or
the like and that is received by a tuner, and that provides
the stored data to a user at a timing corresponding to an
instruction provided by the user.

[0458]

The hard disk recorder 1200 1s capable of, for example,
extracting audic data and video data from a brcadcast wave
signal, appropriately decoding them, and causing them to be
stored in the hard disk built therein. Alsc, the hard disk
recorder 1200 is capable of, for example, obtaining audioc
data and video data from another apparatus via a network,
appropriately decoding them, and causing them to be stored
in the hard disk built therein.

[0459]

Furthermore, the hard disk recorder 1200 is capabls of,
for example, decoding audio data and video data recorded on
the hard disk built therein, supplying them to a monitor
1260, causing the image thereof tc be displayed on the
screen of the monitor 1260, and causing the audio thereof to
be output from the speaker of the monitor 1Z260. Alsc, the
hard disk recorder 1200 is capable of, for example, decoding

audic data and video data extracted from a broadcast wave



[0494] Furthermore, for example, in a case where an instruction to record an image is provided from
the operation unit 1322, the controller 1321 reads out encoded data from the DRAM 1318 and supplies
it to the recording medium 1333 loaded in the medium drive 1323 via the bus 1317 to store it. [0495] -
161 -  The recording medium 1333 is, for example, an arbitrary readable and writable removable
medium, such as a magnetic disk, a magneto-optical disc, an optical 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. Of course, the recording medium 1333 may be a noncontact IC
card or the like. [0496]  Also, the medium drive4k323 and the recording medium 1333 may be
integrated together, and may be constituted by, for example, a non-transportable storage medium,
such as a built-in hard disk drive or an SSD (Solid State Drive). [0497]  The external interface 1319

is constituted dya forexample; a'USEinpuiodtput teuainal o4 the ke, andds canngcted to the printer
1334 in the case of printing.an image. Also, a drive 1331 is connected to the external interface 1319 as
necessary, & fermbedblersiediin B3 atehiad 8 ndgAetic Bk an‘optabHisti o8 a magneto-optical

disc, is Ioadﬁzl thecretotgs %pJ)rerlatelzaquj aggl%qlger program r%acjagg%hogegom is installed into the
flash ROM 1374 as necessary g 9

displayed on the screen of the monitor 126G, and causing the
audio thereocf to be output from the speaker of the monitor
1260.
[0460]

Cf course, ancther cperaticn can be performed.
[04¢61]

As illustrated in Fig. 24, the hard disk recorder 1200
includes a receiving unit 1221, a demodulating unit 1222, a
demultiplexer 1223, an audio decoder 1224, a video decocder
1225, and a recorder controller 1226. The hard disk
recorder 1200 further includes an EPG data memory 1227, a
program memory 1228, a working memory 1229, a display
converter 1230, an 08D (On Screen Display) controller 1231,
a display controller 1232, a recording/reproducing unit 1233,
a D/A converter 1234, and a communication unit 1235.

[0462]

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

[0463]
The receiving unit 1221 receives an infrared signal

from & remote contrcol (not illustrated), converts the signal



[0498] Furthermore, the external interface 1319 includes a network interface connected to a certain
network, such as a - 162 - 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 1319 to another
apparatus connected via a network, in accordance with an instruction provided from the operation unit
1322. Also, the controller 1321 is capable of obtaining, via the external interface 1319, encoded data
or image data supplied from another apparatus via a network, and causing the DRAM 1318 to hold it
or supplying it to the image signal processor 1314. [0499] The camera 1300 described above
includes the image decoding apparatus 500 seryifg as the decoder 1315. That is, the decoder 1315
appropriately decodes encoded data for which the selection of the | PCM mode is controller in units of
CUs, which are smaller than LCUSs, as in the case of the image decoding apparatus 500. Accordingly,

the decoder 131 5:is capale of realizing A decrease n redundant processingifgr gnceding and a
decrease in redundant information included in encoded data. Accordingly, the decoder 1315 is capable
of realizingtértharrceekéncodingteffidcienty While- suppressiny addecreass iip e efficiérfcy of encoding
processingiLOSCOOOrl Thereforg, i[}he camera 1300.is cagable of, for examgle,

v, LOT r

stitute example, MiCroprocess or the like,
and executes various processing operations in accordance
with a pregram stored in the program memory 1228, At this
+ime, the recorder controller 1226 uses the working memory
1229 as necessary.
[0464]

The communication unit 1235 1s connected to a network,
and performs communication processing with another apparatus
via the network. For example, the communication unit 1235
is controlled by the recorder controller 1226, communicates
with & tuner {not illustrated}, and cutputs a channel
selecﬁion contrel signal mainly to the tuner.

[0465]

The demoduleting unit 1222 demodulates the signal
supplied from the tuner and outputs the signal to the
demultiplexer 1223. The demultiplexer 1223 demultiplexes
the data supplied from the demedulating unit 1222 inte audio
data, video data, and EPG data, and outputs them fo the
audic decoder 1224, the video decoder 1225, and the recordsr
controller 1226, respectively.

[046¢6]
The audioc decoder 1224 decodes the audic data input

therete, and outputs the audioc data to the



- 163 - 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 video data read out from the DRAM 1318 or the recording medium 1333, or encoded data of video
data obtained via a network. [0501]  Also, the camera 1300 includes the image encoding apparatus
300 serving as the encoder 1341. The encoder 1341 controls the selection of the | PCM 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 redundant processing for encoding and is also capable of
further reducing redundant information included {n, €ncoded data. Accordingly, the encoder 1341 is
capable of enhancing encoding efficiency while suppressing a decrease in the efficiency of encoding
processing. [0502]  Therefore, the camera 1300 is capable of enhancing encoding efficiency while

suppressinga-deecrease intheeffisiency.of encoding pracessing Josexagmple  when generating
encoded data to be recorded on the DRAM 1318 or the recording medium 1333 or encoded data to be

provided toc@mTsters aphbaratigec 54 a[0503]t theadditionatie detodihg methodickthe image
decoding agparatus 530 may be applied {0 decoding,proceseing . o rder controlier

1226 supplies the EPG data input theretc to the EPG data

memory 1227 so as to store it therein.

[0467]

The display converter 1230 encodes, with the video
encoder 1241, the video data supplied from the video decoder
1225 or the récorder contreoller 1226 into video data of an
NT3C (Naticnal Television Standards Committee) format, for
example, and cutputs the video data to the
recording/reproducing unit 1233. Also, the display
converter 1230 converts the size of the screen of the video
data supplied from the video decoder 1225 or the recorder
controller 1226 into the size corresponding to the size of
the monitor 1260, converts the video data into video data of
the NTSC format with the video encoder 1241, converts the
video data intc an analog signal, and outputs the anzlog
signal to the display controller 1232.

[0468)

The display controller 1232 superposes the 08D signal
output from the 08D (On Screen Display) controller 1231 on
the wvideo signal input from the display converter 1230 under
control performed by the recorder controller 1226, outputs

it to the display of the monitor 1260, and causes it to be



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. [0504]  Also, the
image data captured by the camera 1300 may be a moving image or a still image. [0505] Of 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 technology

can be applied to an image encoding apparatus and an image decoding apparatus which are used to,
for example, receive image information (bit stream) compressed through an orthogonal transform such
as the discrete cosine transform and by motion gamppensation via a network medium such as satellite
‘broadcasting, cable TV, the Internet, or a mobile phone, or to process the image information on a
storage medium such as an optical or magnetic disk or a flash memory, as in MPEG, H.26x, or the

”kew050ﬂdi§§§ayed thereon.

[0469]

Also, the monitor 1260 is supplied with the audic data

which has been output from the audio decoder 1224 and which

has been converted intc an analog signal by the D/A
converter 1234. The monitor 1260 outputs this audio
from the speaker built therein.

[0470]

signal

The rscording/reproducing unit 1233 includss a hard

dizk serving as a storage medium for heolding video data,

audio data, and the like recorded thereon.

.[0471]

The recording/reproducing unit 1233 encodes, with the

encoder 1251, the audio data supplied from the audio

decoder

1224, for example. Also, the recording/reproducing unit

1233 encodes, with the encoder 1251, the videc data supplied

from the video encoder 1241 of the display converter

The recording/reproducing unit 1233 combines, with a

1230.

multiplexer, the encoded data of the audic data and the

encoded data of the video data. The recording/reproducing

unit 1233 performs channel coding on the composite data to

amplify it, and writes the data on the hard disk via
recording head.

(04721

a

The recording/reproducing unit 1232 reproduces the data



In addition, the present technology may also provide the following configurations. (1) An image
processing apparatus including:  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 (1), further including:  a shift processing controller that performs control, on a coding
unit for which the non-compression mode has_begn; 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 a coding unit of the image data, the coding unit being controlled by

the shift processing GoptroligL.se as fodindergo the 519%95%‘%?&? P10 243) IE1IMAgE processing

apparatus according to (1) or (2), further including: - 166 - a filter processing controjl'ler that performs
control, the data, and demultiplexes the data into audic data and

video data using a demultiplexer. The recording/reproducing
unit 1233 deccdes, with the decoder 12352, ﬁhe audio data and
the video data. The recording/reproducing unit 1233 D/a-
converts the decoded audic data and outputs the audioc data
to the speakef of the monitor 1260. Alsc, the
recording/reproducing unit 1233 D/A-converts the decoded
video data and outputs the video data to the display of the
monitor 1260,
104737

The recorder ceontrellexr 1226 reads out the latest EPG
data from the EPG data memory 1227 on the basis of a user
instruction represented by an infrared signal which is
supplied from the remote control and which is received via
the receiving unit 1221, and supplies the EPG data to the
OSD controller 1231. The OSD controller 1231 generates
image data corresponding to the input EPG data, and outputs
the image data to the display controller 1232. The display
controller 1232 outputs the video data input from the 0SD
controller 1231 to the display of the monitor 1260, and
cazuses the video data te be displayed thereon. Accoerdingly,
an EPG (electronic program guide} is displayed on the
display of the monitor 1260.

(04747



on a coding unit for which the non-compression mode has been set by the encoding mode setter, to
skip filter processing in which filtering is performed on a locally decoded image; a filter coefficient
calculator that calculates a filter coefficient for the filter processing by using image data corresponding
to a coding 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 coefficient calculator.

(4) The image processing apparatus according to (3), wherein the filter processor performs the filter
processing on only pixels which are controlled bysthe-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. (5)
The image processing apparatus according to (3) or (4), further including: a filter identification
information genetrdtos thatgeheratesifikér identificationl Afformaticamaiuhis of the blocks, the filter
identification information being flag information indicating whether the filter processing is to - 167 - be

performed SPEaBYHHE REGE PFodeHTF aPparittd actdrdingto &risr & 16 (57 WWhiSrein the filter
processor perfarmg adaptivg Jegp fillering ansthe: locally decoded image, the adapgive loop filtering

being adaptive filter processing using classification processing.
network, such as the Internet.
[0475]

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

[0476]

Also, the recorder controller 1226 decodes the cobtained
encoded data of videc data and audio data, and supplies the
obtained videc 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 monitor 1280 via the display contreller 1232,

and causes the image therecf to be displaved thereson.



(7) The image processing apparatus according to any of (1) to (6), wherein, in a case where an
amount of code of encoded data, which is obtained by encoding the image data corresponding to a
current coding unit as a target of encoding processing, is smaller than or equal to an amount of input
data, which is a data amount of the image data corresponding to the current coding unit, the encoding
mode setter sets an encoding 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 coding unit, the amount-ofiipput-data calculated by the input data amount
calculator with the amount of code. (9) The image processing apparatus according to any of (1) to
(8), further including: an identification information generator that generates - 168 - identification
informationimaartits of the coding units, the identification information indicating whether the
non-compression mode has been set by the encoding mode setter. (10) An image processing
method for an imag@Pprotesairgcapliaratus ihbludirfp L2 Ysefingh fith s encédiig mode setter, in

untts of coding inite having, A nielarchicas stiptuig, yiether. aon-compression made is to be
selected as an encoding mode for encoding image data, the non-compression mode being an

encoding moede i which the suage datads outpwasenreeded data; and cause the
audio to be cutput from the speaker.
[0478]

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

[0479]

The hard disk recorder 1200 described above includes
the image decoding apparatus 500 serving as the video
decoder 1225, the deccder 1252, and the decoder included in
the recorder controller 1226. That is, the videc deccder
1225, the decoder 1252, and the decoder included in the
recorder controller 1226 appropriately decodes encoded data
for which the selection of the I PCM mode is controlled in
units of CUs, which are smaller than LCUs, as in the case of
the image decoding apparatus 500. Accordingly, the video
decoder 1225, the decoder 1252, and the deccder included in
the reccorder controller 1226 is capable of realizing a
decrease in redundant processing for enceding and a decrease
in redundant infeormation included in the encoded data.
Accordingly, the videc decoder 1225, the decoder 1252, and

the decoder included in the recorder contrcoller 1226 are



encoding, 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 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 a decoder 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: - 169
- ashift processing controller that performs-cantgol,-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 pracessing06 & eeding-urit ot the:ivnage data;dhegoditg unidhejngsentolled by the shift
processing controller so as to undergo the shift processing. (13) The image processing apparatus
according t6{22¥ 6F £L2) fartHerFRRfding = 2efilfek Proéessirigcorimfies #gt performs control, on a
coding unit for which. the encoding mode determiner has determined that the non-compression mode
has been sgllé%f(ae(i%,stlén&ip filter processing in which filtering is performed on a locally decoded image;
and [0480]

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

[0481]

Alsc, the hard disk recorder 1200 includes the image
encoding apparatus 300 serving as the encoder 1251. Thus,
the encoder 1251 controls the selection of the I PCM mode in
units of CUs, which are smaller than LCUs, as in the case of
the image enccding apparatus 300. That is, the encoder 1251
is capable of further reducing redundant processing for
enceding and is also capable cof reducing redundant
information included in enccded data. Accordingly, the
encoder 1251 is capable of enhancing encoding efficiency
while suppressing a decrease in the efficiency cf encoding
processing,

[0482]

Therefore, the hard disk recorder 1200 is capable of



a filter processor that performs the filter processing on the image data in units of blocks, which are
units of the filter processing,  wherein 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), - 170 - wherein the filter processor performs adaptive
loop filtering on the locally decoded image, the adaptive loop filtering being adaptive filter processing
using classification processing. (15) The image processing apparatus according to (13) or (14),
wherein the filter processor performs the filter progessing, in a case where filter identification
information indicating whether or not 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 processednanly;whea.controlds perfornedby theifilter frogessing controier seasto perform the
filter processing on all pixels included in the current block. (16) The image processing apparatus

according térariynef @43 10 (¢B vwhéresn el encodingandaérdote rminer tatedmineshghether the
non-compression mode has been sglected on the ba5|sFo dentlflc tlon |nfor ation indicating whether

the non-compreasion MHode TasBedit salected i GRES 6F e Sodig 17) An image

processing method for an image processing apparatus, including: determlmng, with an encoding
mode determiner, in units of coding units having a hierarchical structure, whether a non-compression
mode has been séteéctedlsstan @htbdirghmdéescription has been given above

of the hard disk recorder 1200 that records video data and
audio data on a hard disk, any types of recording media may
of course he used. For example, the image encoding
apparatus 300 and the image decoding apparatus 500 can be
applied to a reccrder that uses a recording medium other
Than a hard disk, for example, a flash memcry, an optical
disc, or video tape, as in the case cof the above-described
hard disk recorder 1200.

[0484]

<7. Seventh embodiment>

[Camera]

Fig. 25 is a block diagram illustrating a main examplse
configuration of & camera that includes the image enceding
apparatus 300 and the image decoding apparatus 500.

[0485]

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

[048¢6]



- 171 - 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. Reference Signs List [0508] 300 image
encoding apparatus 303 adaptive shift-to-left unit 307 lossless encoder 312 loop filter 313 adaptive
shift-to-right unit 315 adaptive shift-to-left unit 320 rate controller

- 158 ~

A lens block 1311 causes light (that is, 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
electric signal tc a camera signal processor 1313,

104873

The camera signal processor 1313 cenverts the electric
signal supplied from the CCD/CMOS 1312 into color-difference
signals of ¥, Cr, and Cb, 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 camera signal processor 1313 and encodes,
with an encoder 1341, the image signal under control
performed by a controller 1321. The image signal processor
1314 subplies encodéd data which is gensrated by encoding
the image signal to a decoder 1315. Furthermore, the image
signal precessor 1314 obtains data to be displayved generated
by an on screen display (0SD) 1320, and supplies the data to
the decoder 1315.

[0488]

In the foregoing process, the camera signal processor
1313 uses a DRAM {Dynamic Random Access Memory) 1318
cennected via a bus 1317 as appropriate, and causes the DRAM
1318 to hold image data, encoded data obtained by enceding

the image data, or the like as necessary.



321 PCM encoder 331 NAL encoder 332 CU encoder 341 | PCM flag generator _ _ 342 PCM deciding
unit 351 deblocking filter 352 pixel sorting unit 353 filter coefficient calculator 354 filtering unit 361 input
data amount calculator

- 1589 -

[0489]

The decoder 1315 decocdes encoded data supplied from the
image signal processcr 1314, and supplies the image data
obtained thereby (decoded image data) to the LCD 1316. Also,
the decoder 1315 supplies the data to be displayed supplied
from the image signal processcr 1314 to the LCD 1316. The
ILCD 1316 combines the image of the deccded image data
supplied from the decoder 1315 and the image of the data to
be displayed as appropriate, and displays the composite
image.

[0490]

The on screen display 1320 outputs data to be displayed,
such as a menu screen made up of symbols, characters, or
figures, and icons, tco the image signal processcr 1314 via
the bus 1317 under control performed by the controller 1321.
(04917

Thé controller 13Z1 executes variocus processing
operations on the basis of a signal representing the detail
of an instructicn provided from a user using an operation
unit 1322, and controls the image signal processor 1314, the
DRAM 1318, an external interface 1319, the on screen display
1320, a medium drive 1323, and so forth via the bus 1317.
Programs, data, and so fcrth which are necessary for the
controller 1321 to execute various processing operations are

atored in a flash ROM 1324.



362 PCM determining unit - 172 - 363 encoding controller 364 adaptive shift controller 365 filter
controller 500 image decoding apparatus 502 lossless decoder 506 loop filter 507 adaptive
shift-to-right unit 511 adaptive shift-to-left unit 516 PCM decoder 531 NAL decoder

[0482]

For example, the controller 1321 is capable of encoeding
image data stored in the DRAM 1318 and decoding encoded data
stored in the DRAM 1318 cn behalf of the image signal
processor 1314 or the decoder 1315. At this time, the
contreller 1321 may perform encoding/deceding processing
using a format similar to an encoeding/decoding format of the
image signal processor 1314 or the decoder 1313, or may
perform encoding/decoding processing using a format
incompatible with the image signal processor 1314 cor the

decoder 1315.

Also, for example, in a case where an instruction to
start printing an image is provided from the operation unit
1322, the controller 1321 reads out 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.

[0454]

Furthermore, for example, in a case where an
instruction to reccord an image is provided from the
operation unit 1322, the controller 1321 reads out encoeded
data from the DRAM 1318 and supplies it to the recording
medium 1333 loaded in the medium drive 1323 via the bus 1317
tc store it.

[0495]



532 CU decoder 541 | PCM flag buffer _ _ 542 PCM controller 551 deblocking filter 552 pixel sorting
unit 553 filtering unit - 173 - CLAIMS: 1. An image processing apparatus comprising:

- 161 -

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

[0496]

Also, the medium drive 1323 and the recording medium
1333 may be integrated together, and may be constituted by,
for example, a non~transportable storage medium, such as a
built-in hard disk drive or an SSD (Solid State Drive).
[0407]

The external interface 13192 is constituted by, for
example, a USB 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 connscted to the external
interface 1319 as necessary, a removable medium 1322, such
as a magnetic disk, an optical disc, or a magneto-cptical
disc, i1s loaded thereto as appropriate, and a computer
program read cut therefreom is installed into the flash ROM
1324 as necessary.

[0438]
Furthermore, the external interface 1319 includes a

network interface connected t0 a certain network, such as a



an encoding mode determiner that determines, on a coding unit basis, 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; a decoder that
decodes, on the coding unit basis, the encoded data in accordance with a mode determined by the
encoding mode determiner; and a controller that controls, on a coding unit for which the encoding
mode determiner has determined that the non-compression mode has been selected, decoding in
accordance with a bit depth which specifies a number of bits used to represent the image data
encoded as the non-compression mode. 2. The irgage processing apparatus according to Claim 1,
wherein the controller further performs control, on the coding unit for which the encoding mode
determiner has determined that the non-compression mode has been selected, to skip processing of

changing ayalue of the bit-depthe+ . FnEhelnage pracessing apparatysraceosgingAg,Claim 1,
wherein the encoding mode determiner determines whether the non-compression mode has been
selected, onthebbsis ofdentification #forhatdondtdicating witethérfiie AGA-Tomygression mode has

been selected on the codingFunit basis. 4. The ima eéorocessin ag) aratus according to Claim 1,
wherein the® B58ihg Gt fs-forindd Ey?e&ﬁgﬁfe%?%pﬂtﬁﬁg HRr§estcodi § {PRIAE Smaller coding units

as block pagtiioningu s shnect& HGnimage precassing apparatug.accoyding tg,Claim 1, further
comprising: a demultiplexer that demultiplexes a demodulated signal into an audio data and the
video data.instruction provided from the operation unit 1322. Also,

the contreller 1321 is capable of obtaining, via the
external interface 1319, encoded data or image data supplied
from another apparatus via a network, and causing the DRAM
1318 to hold it cor supplying it to the image.signal
processor 1314.
{04599

The camera 1300 described above includes the image
deccding apparatus 500 serving as the decoder 1315. That is,
the decoder 1315 appropriately decodes encoded data for
which the selection of the I PCM mode is controller in units
of CUs, which are smaller than LCUs, as in the case of the
image decoding apparatus 500. Accordingly, the decoder 1315
is capable of realizing a decrease in redundant processing
for encoding and a decrease in redundant information
included in encoded data. Accordingly, the decoder 1315 is
capable of realizing enhanced encoding efficiency while
suppressing a decrease in the efficiency of encoding
processing.
[0500]

Therefore, the camera 1300 is capable of, for example,



6. The image processing apparatus according to Claim 5, further comprising: a demodulating unit
that demodulates a received signal and outputs the demodulated signal to the demultiplexer. 7.
The image processing apparatus according to Claim 6, further comprising: a display converter that
encodes the decoded data output from the decoder, into video data having a predetermined format,
and converts a size of a screen of the video data into a size corresponding to a size of a monitor.

8. The image processing apparatus according to Claim 7, further comprising: a display controller
that superposes an on screen display (OSD) signal onto the video data output from the display
converter. 9. An image processing method fog an.image processing apparatus, comprising:
determining, on a coding unit basis, 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 inage:datads outp-as enseded datasr £ 1 cdesedings 0adhg Gading unit basis, the encoded
data in accordance with a determined mode; and - 175 -
suppressing a decrease in the efficiency of encoding

processing when generating image data generated by the
CCD/CMOS 1312, encoded data of video data read out from the
DRAM 1318 or the recording medium 1333, or encoded data of
video data obtained via a network.

[0501]

Alsc, the camera 1300 includes the image encoding‘
apparatus 300 serving as the enceder 1341. The encoder 1341
controls the selection ¢f the I_PCM mede 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 redundant 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 encoding
prcoccessing.

(05021

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

ancther apparatus.



controlling, on a coding unit for which determination has been made that the noncompression mode
has been selected, the decoding in accordance with a bit depth which specifies a number of bits used
to represent the image data encoded as the noncompression mode. 10. The image processing
method according to Claim 9, further comprising: performing control, on the coding unit for which
the encoding mode determiner has determined that the non-compression mode has been selected, to
skip processing of changing a value of the bit depth. 11. The image processing method according
to Claim 9, wherein the determination of whether the non-compression mode has been selected is
made on the basis of identification information-indgeating whether the non-compression mode has
been selected on the coding unit basis. 12. The image processing method according to Claim 9,
wherein the coding unit is formed by recursively splitting a largest coding unit into smaller coding units
as block parttiasng. 13. The image processing method according to Claim 12, wherein the coding
unit is formed by splitting into prediction units and transform units. 14. The image processing
method according fo &f4iit doturtiéecsinprding defitieplerihgta eleiicdsiafarsigraginto an audio
data and the videg data. 15. The image processing method according to Claim 14, further

' 3§ REGESSR e 913

Comp“gngspparaLus 500 may be ap 1Ng process
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.

[0504]

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

(05051

Of course, the image enceding apparatus 300 and the
image decoding apparatus 500 can be applied to an apparatus
or a system other than the above-described spparatuses.
[0508]

The present technoleogy can be applied te an image
encoding apparatus and an image decoding apparatus which are
used to, for example, receive image information (bit stream)
compressad through an crthogonal transform such as the
discrete cosine transform-and by motion compensation via a
network medium such as satellite broadcasting, cable TV, the
Internet, or a mobile phone, or to process the image
information on a storage medium such as an optical or
magnetic disk or & flash memory, as in MPEG, H.26x, or the
like.

[0507]



- 176 - encoding the decoded data, into video data having a predetermined format, and converting
a size of a screen of the video data into a size corresponding to a size of a monitor. 17. The image
processing method according to Claim 16, further comprising: superposing an on screen display
(OSD) signal onto the video data. 18. The image processing apparatus according to Claim 4,
wherein the coding unit is formed by splitting into prediction units and transform units.
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In addition, the present technology may also provide
the following configurations.

(1} An image processing apparatus including:

an encoding mode setter that sets, in units of coding
units having a hierarchical structure, whether a non-
compressicn mode 13 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 enceder 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 control, on
& coding unit for which the non-compression mode has been
set by the encoding mode setter, to skip shift processing in
which & bit precision for encoding or decoding is increased;
and

a shift processcr that performs the shift processing on
a coding unit of the image data, the coding unit being
centrolled by the shift processing ceontroller so as to
undergo the shift processing.

(3) The image processing apparatus according te (1) or

(2}, further including:
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a filter processing controller that performs contreol,
on & coding unit for which the non-cocmpression mode has been
set by the encoding mode setter, to skip filter processing
in which filtering is performed on a leocally decoded image;

a filter coefficient calculator that calculates a
filter coefficient for the filter processing by using image
data cerresponding to a coding unit which is contrcolled by
the filter processing controller so és to undergce 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
coefficient calculator.

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

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

a filter identification information generator that
generates filter identification information in units of the
blocks, the filter identification information being flag

information indicating whether the filter processing is to
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e perfofmed.

{&) The image processing apparatus according to any of
{(3) to (5), wherein the filter processor performs adaptive
lgop filtering on the locally decoded image, the adaptive
loop filtering being adaptive filter processing using
classification processing.

(7) The image proqessing apparatus according to any of
{1} to {6), wherein, in a case whers an amount of cocde of
encoded data, which is obtained by encoding the image data
corresponding tc a current coding unit as a target of
encoding processing, i1s smaller than or equal to an amount
of input data, which is a data amount of the image data
corresponding to the current coding unit, the encoding mode
setter sets an encoding 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 enceding 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,

{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-~
compression mode has been set by the enceoding mode setter.

'(EO) An image processing method for an image processing
apparatus, including:

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

encoding, with an encoder, the image daﬁa in units of
the coding units in accerdance with a set mode.

{11) An image processing apparatus including:

an encoding mode determiner that determines, 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 cutput as encoded
data; and

a decoder that deccdes the encoded data in units of thes
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 contrcller 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 shift processing in which a bit precision for
encoding or decoding is increased; and

a shift processcr that performs the shift processing on
a coding unit of the image data, the coding unit being
contrelled by the shift processing controller so 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,
cn a cocding unit for which the encoding mode determiner has
determined that the ncn-compression mode has been selected,
to skip filter processing in which filtering is performed ¢n
a locally decoded image; and

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

wherein the filter preocessor 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 & 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
fiiltering on the locally decoded image, the adaptive loop
filtering being adaptive filter processing using
classification processing.

(15} The image processing apparatus according to (13)
or {14), wherein the filter processor performs the Ffilter
processing, in a case where filter identification
information indicating whether or not the filter processing
has been performed indicates that the filter processing has
been performed on image data corresponding to the current
biock which 1s a target to be processed, only when contrel
iz performed by the filter processing controller so as to
perform the filter progessing on all pixels included in the
current block.

{18) The image processing apparatus according to any of
(11) to (15}, wherein the encoding mode determiner
determines whether the non-compression mode has been
selected, on the basis of identification information
indicating whether the non-compression mode has been
gselected in units of the coding units.

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

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 encceding mode
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for encoding image data, the non-compression mode being an
enceding 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 mocde.
Reference Signs List
[0508]

300 image encoding apparatus

303 adaptive shift-to-left unit

307 lossless encoder

312 locp filter

313 adaptive shift-to-right unit

315 adaptive shift-to~left unit

320 rate controller

321 PCM encoder

331 NAL encoder

332 CU enccder

341 I PCM flag generatoer

342 PCM deciding unit

351 deblcocking filter

352 pixel sorting unit

353 filter coefficient calculator

354 filtering unit

361 input data amount calculator

362 PCM determining unit



363

364

365

500

502

506

507

511

516

531

532

541

542

551
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encoding controller

adaptive shift controller
filter controller

image decoding apparatus
lossless decoder

loop filter

adaptive shift-to-right unit

adaptive shift-to-left unit

lPCM decoder

NAL decoder

CU deccder

I PCM_flag buffer
PCM controllerx
deblocking filter
pixel sorting unit

filtering unit
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CLAIMS:

1. An image processing apparatus comprising:

an encoding mode determiner that determines, on a coding unit basis,
whether é. non-compression mode has been selected as an encoding mode for
encoding image data, the non-compressicn mode being an encoding mode in

which the image data is output as encoded data;

a decoder that decodés, on the coding unit basis, the encoded data in

accordance with a mode determined by the encoding mode determiner; and

a controller that controls, on a coding unit for which the encoding mode
determiner has determined that the non-compression mode has been selected,
decoding in accordance with a bit depth which specifies a number of bits used to

represent the image data encoded as the non-compression mode.

2. The image processing apparatus according tc Claim 1, wherein
the controller further performs control, on the coding unit for which the
encoding mode determiner has determined that the non-compression mode has

been selected, to skip processing of changing a vaiue of the bit depth.

3. The image processing apparatus according to Ciaim 1, wherein the
encoding mode determiner determines whether the non-compression mode has
been selected, on the basis of identification information indicating whether the

non-compression mode has been selected on the coding unit basis.

4. The image processing apparatus according to Claim 1, wherein the
coding unit is formed by recursively splitting a largest coding unit into smaller

coding units as block partitioning.
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5. The image processing apparatus according fo Claim 1, further
comprising:
a demdltipléxer that demultiplexes a demodulated signal into an audio

data and the video data.

6. The image processing apparatus according to Claim 5, further
comprising:
a demodulating unit that demodulates a received signal and outputs the

demodulated signal to the demultiplexer.

7. The image processing apparatus according to Claim 6, further
comprising: ,

a display converter that encodes the decoded data output from the
decoder, into video data having a predetermined format, and converts a size of a

screen of the video data into a size corresponding to a size of a monitor.

8. The Image processing apparatus according fo Claim 7, further
comprising:

a display controller that superposes an on screen display (OSD) signal
onto the video data oufput from the display converter.

9. An image processing method for an image processing apparatus,
comprising:

determining, on a coding unit basis, 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;

decoding, on the coding unit basis, the encoded data in accordance with a

determined mode; and
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controlling, on a coding unit for which determination has been made that
the noncompression mode has been selected, the decoding in accordance with a
bit depth which specifies a number of bits used to represent the image data

encoded as the noncompression mode.

10. The image processing method according to Claim 9, further
comprising:

performing control, on the coding unit for which the encoding mode
determiner has determined that the non-compression mode has been selected,

to skip processing of changing a value of the bit depth.

11. The image processing method according to Claim 9, wherein the
determination of whether the non-compression mode has been selected is made
on the basis of identification information indicating whether the non-compression

mode has been selected on the coding unit basis.

12. The image processing method according to Ciaim 9, wherein the
cading unit is formed by recursively splitting a largest coding unit into smaller

coding units as block partitioning.

13. The image processing method according to Claim 12, wherein the

coding unit is formed by splitting into prediction units and transform units.

14. The image processing method according to Claim 8, further
comprising:

demultiplexing a demodulated signal into an audio data and the video
data.

15. The image processing method according to Claim 14, further

comprising:



- 176 -

encoding the decoded data, into video data having a predetermined
format, and converting a size of a screen of the video data into a size

corresponding to a size of a monitor.

17. The image processing method according to Claim 16, further
comprising:

superposing an on screen display (OSD) signal onto the video data.

18. The image processing apparatus according to Claim 4, wherein the

coding unit is formed by splitting into prediction units and transform units.



