DESCRIPTION Title of Invention: IMAGE DECODING DEVICE, IMAGE ENCODING DEVICE, AND
METHOD THEREOF Technical Field [0001]  The present technology relates to an image decoding
device, image encoding device, and a method thereof. More particularly, encoding efficiency of
guantization parameters is improved. Background Art [0002]  In recent years, there have come into
widespread use devices which handle image information as digital in order to perform highly effective
information transmission and storage at that time, for example, compliant to formats such as MPEG or
the like to compress the image by orthogonal trandfofm such as discrete cosine transform or the like
and motion compensation, both in broadcasting and general households. [0003]  In particular,
MPEG2 (ISO / IEC 13818-2) is defined as a general-purpose image encoding format, and has widely
been employed now by a broad range of aghe&idris ™

Title of Invention: IMAGE DECODING DEVICE, IMAGE ENCODING

DEVICE, AND METHOD THEREOF

Technical Field
[co01]

The present technology relates to an image decoding
device, image encoding device, and a method therecf. DMore
particularly, encoding efficiency of guantization parameters
ig improved. |
Background Art
[000z]

In recent years, there have come into widespread use
devices which handle image informaticn as digital in order
to perform hiéhly effective information transmission and
storage at that time, for example, compliant to formats such
as MPEG or the like to compress the image by orthogonal
transform such as discrete cosine transform or the like and
motion compensation, both in broadcasting and general
households.

[C003]

In particular, MPEG2 (ISO / IEC 13818-2) is defined as

a general-purpose image encoding forﬁat, and hags widely been

empleyed now by a broad range of applications for



-2 professional usage and for consumer usage. By employing the MPEG2 compression format, a code
amount (bit rate) of 4 through 8 Mbps is allocated in the event of an interlaced scanning image of
standard resolution having 720 x 480 pixels, for example, whereby high compression and good image
guality can be realized. Also, a code amount (bit rate) of 18 through 22 Mbps is allocated in the event
of an interlaced scanning image of high resolution having 1920 x 1088 pixels, whereby high
compression and good image quality can be realized. [0004]  Also, standardization has been
performed as Joint Model of Enhanced-Compression-Video Coding which realizes higher encoding
efficiency though greater computation amount is required for encoding and decoding thereof, and has
become an international Standard called H.264 and MPEG-4 Part 10 (hereinafter written as
"H.264/AYCAdyaneesd VidessGediag)). 46005bn s Wt thissMEREG and 2264AMCqatdhe time of
guantizing macroblocks, the size of quantization steps can be changed so that the compression rate is
constant. YEE v VIREG SG@antiZatsa barameris paolsoridnate 16 tAe§aantdatibn steps are used,

and with H,264/AVC, quantization parameters are used in which the parameter value increases by "6"
when the GiTt5Atich MEBHoUBICEL 1 MBEES ard 13 FB4TRTET -3 ARG P aRTbters are

enCOdEdg%ﬁﬂgghgyimage of standard resoluticon having 720 x 480
pixels, for example, whereby high compression and good image
quality can be realized. Also, a code amount (bit rate) of
18 through 22 Mbps is allocated in the event of an
interlaced scanning image of high resolution having 1920 x
1088 pixels, whereby high compression and good image quality
can be realized.

[0004]

Also, standardization has been performed as Joint Model
of Enhanced-Compression Video Coding which realizes higher
encoding efficiency though greater computation amount is
regquired for encoding and decoding thereof, and has become
an international Standard called H.264 and MPEG-4 Part 10
{hereinafter written as "H.264/AVC (Advanced Video Ccding) ™).
[0005]

With this MPEG and J.264/AVC, at the time of quantizing
macrcblocks, the size of gquantization steps can be changed
so that the compression rate is constant. Also, with MPEG,
gquantization parameters proportionate to the guantization
steps are used, and with H.264/AVC, guantization parameters
are used in which the parameter value increases by "6" when

the gquantization step doubles. In MPEG and H.264/AVC,



Citation List Patent Literature [0006] PTL 1: Japanese Unexamined Patent Application Publication
No. 2006-094081 Summary of Invention Technical Problem [0007]  Now, with encoding processing
of quantization parameters, in the event that the decoding order is in raster scan order as illustrated in,
Fig. 1 for example, a quantization parameter SliceQPY with an initial value is used for the head
macroblock of the slice. Subsequently, processing is performed in the decoding order indicated by the
arrows, and the quantization parameters of this macroblock is updated by the difference value in
guantization parameters as to the macroblock situated at the left side (mb_qp_delta). Accordingly,
there are cases where, when the decoding order transitions from the block at the right edge to the
block at the left edge, the difference value becomes great since the image is different, and encoding
efficiencyhesoniespaci Also-ehcading efficiergi-baeemes peorinithe event that the difference value

as to the macroblock situated at the left side is great as well.
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Summary of Invention
Technical Problem
[co07]

Now, with encoding processing of quantization
parameters, in the event that the decoding order is in
raster scan order as illustrated in, Fig. 1 for example, a
gquantization parameter SliceQPY with an initial value is
used for the head macroblock of the slice. Subseqguently,
processing is performed in the decoding order indicated by
the arrows, and the quantization parameters of this
macroblock is updated by the difference wvalue in
quantization parameters as to the macroblock situated at the
left side (mb _gp delta}. Accordingly, there are cases where,
when the decoding order transitions from the block at the
right edge to the block at the left edge, the difference
value becomes great since the image isg different, and
encoding efficiency becomes poor. Also, encoding efficiency
becomes poor in the event that the difference value as to

the macroblock situated at the left side iz great as well.



-.4 [00081 Further, with image compression technology, standardization is being studied for HEVC
(High Efficiency Video Coding) which realizes even higher encoding efficiency than the H.264/AVC
format. With this HDVC, basic units called coding units (CU: Coding Unit) which are extensions of the
concept of macroblocks. In the event that each block illustrated in Fig. 2 is a coding unit, the decoding
order is the order of blocks with numbers sequentially increasing from "0". In the event that the
decoding order is not raster scan order in this way, moving from block "7" to block "8", for example, or
from block "15" to block "16", may conceivably lead te a greater difference value since the spatial
distance is great. [0009]  Accordingly, it is an object of the present technology to improve the
encoding efficiency of quantization parameters. Solution to Problem [0010] A first aspect of this
technologyds apjimage decoding device, including: an information acquiring unit configured to take
guantization parameters of decoded blocks spatially or temporally adjacent to a block to be decoded,
as selection canBidatés;andwexttactfaom steapy méeridatiopechnology,

standardization is being studied for HEVC (High Efficiency
Video Coding) which realizes even hicher encoding efficiency
than the H.264/AVC format. With this HDVC, basic units
called coding units (CU: Coding Unit) which are extensions
of the concept of macrobliocks. In the event that each block
illustrated in Fig. 2 is a coding unit, the decoding order
is the order of blocks with numbers sequentially increasing
from "0". In the event that the decoding order is not
raster scan order in thig way, moving from block "7% to
block "8%", for example, or from biock "15" to block "le¥,
may conceivably lead to a greater difference value since the
spatial distance is great. |

[0009]

Accordingly, it is an object of the present technology
to improve the encoding efficiency of guantization
parameters.

Sclution to Problem
[foo10}

A first aspect of this technology is an image decoding
device, including: an information acguiring unit configured
to take qguantization parameters of decoded blocks spatially
or temporally adjacent to a blcock to be decoded, as

gelection candidates, and extract, from stream information,



-5 difference information indicating difference as to a prediction quantization parameter selected from
the selection candidates; and a quantization parameter calculating unit configured to calculate, from
the prediction quantization parameter and the difference information, a quantization parameter of the
block to be decoded. [0011]  With this technology, difference information indicating difference as to
a prediction quantization parameter selected from selection candidates, which are quantization
parameters of decoded blocks spatially or temporally adjacent to a block to be decoded, is extracted
from stream information. Also, with the image decading device, at least blocks where quantization
parameters are redundant or blocks where inverse quantization using quantization parameters is not
performed are excluded from quantization parameters of decoded blocks spatially or temporally
adjacent t@ithe dleckde biedesaded andseleiciion tah ditiates arntakensFapselting of the prediction
guantization parameter, a quantization parameter is selected in an order indicated by identification
informatidprindliided i tieisméarmanfopmanion anitt tie adjacenadecbren bidsks in a predetermined
order, for example. Alternatively, detesutination is performed of selection candidates in an - 6 - order

set beforéHah@C5Agthe pREoreuartiztitn BUrAMatk? is- 82 BEEEASH-fie determination result.
Alternatively, ane or fhe. other is %%Jﬁ%’fgﬂeocﬁo%‘%?sﬁﬂ%ﬁé{%g tq-{heprediction quantization

parameter a quantization parameter in an order indicated by identification information included in the
stream infor@atieriaid piacessingf sietegyaraimgseleciion candidaies sramekder set beforehand
and setting the prediction quantization parameter, based on the determination result included in the
stream inforhatior. tRwtherawithané image decpdingretevice, afgudrtizatlorr patamméter of the block to
be decoded is calculated by adding difference which the difference infolmation indicates to the
predictiond&%‘*ﬁﬁ ion parameter. Further, in the event that there is no selection candidate, a
quantizati?da é)ﬂe}meter of an initial value in a slice is taken as the prediction quantization parameter.
Also, including a'quantization parameter updated last in the selection candidates is also performed.

[0012] A secppgiraspectotibisieshBelpgy ds ardmage decadinaraethed, Metuding: aprocess of
taking quantization parameters of decoded blocks spatially or temporally adjacent to a block to be
decoded, @sSbtactioncandidates, grnoeeXirdcting, fioarsticst informatiemalifference
selected from selection candidates, which are quantization
parameters of decoded blocks spatially or temporally
adjacent to a block to be decoded, is extracted from stream
information. Also, with the image decoding device, at least
blocks where quantization parameters are redundant or blocks
where inverse quantization using guantization parameters is
not performed are excluded from quantization parameters of
decoded blocks spatially or temporally adjacent to the block
to ke decoded, and selection candidates are taken. For
setting of the prediction guantization parameter, a
guantization parameter is selected in an order indicated by
identificaticn information included in the stream
information, with the adjacent decoded blocks in a

predetermined corder, for example. Alternatively,

determination is performed of selection candidates in an



-7 information indicating difference as to a prediction quantization parameter selected from the
selection candidates; and a process of calculating, from the prediction quantization parameter and the
difference information, a quantization parameter of the block to be decoded. A third aspect of the
present technology is an image encoding device, including: a control unit configured to set a
guantization parameter as to a block to be encoded; an information generating unit configured to take
guantization parameters of encoded blocks spatially or temporally adjacent to a block to be encoded,
as selection candidates, select from the selection eandidates a prediction quantization parameter in
accordance to the set quantization parameter, and generate difference information indicating
difference between the prediction quantization parameter and the set quantization parameters; and an
encoding gpisonfigiresdednciudade difterence ipfermationdn stfeamcinieramtian generated by
performing encoding processing of the block to be encoded, using the set quantization parameter.
[0013] MWitatids sechinolep); vt biotkswhele termtizaioroparagiitdis are redundant or blocks
where quantization using quantization parameters is not performed_- 8 - are excluded from

quantizati%_ﬁﬁ)%%?rﬁ&‘e‘?? ent5GePhIockE s‘ﬁﬁf?&’lﬁ/ dﬁeﬁ?p]o‘?ﬁﬁﬁgdjﬁéeﬁﬁ%ﬁ@ Bigck _t8fb_e encoded,
and selec_ggrt\g%%dggest%rg %5%@1‘1%'&%% %@QH%%?&R%B”E %rvﬁ%ﬁ%%d astor the like is also

included in the sefection candidates. A quantization parametero Ifference as to the

quantizatignfa¢ametel set fenuieseselection cangidatesisitbersnaligst, is selected as the
prediction quantization parameter, and identification information for selecting the prediction

guantizatibdgpatarheter frorm ther§etentidn candidatesds dennrdtbe. Edrseaample, identification
information is the order of blocks corresponding to the selected quantization parameter, with the

adjacent eAcofeRBIGAR iIn3FrefetE R d drddr. AR Prdt&ifniREF Ay is an order of array

where prigrity is given to one_of an encoded bl cl%ad'@ﬁent to_the left 'deﬁan ncoded block adjacent
above, anc a%{ré%ér%&%esd ﬁ%cﬁ?er%ﬁ%ﬁa]ﬂy%%?acge% N Iso,a trﬁ% or §r 5 aérl%y of g%}gcent encoded blocks

can be switched -Euitherygyantizationparamelaisf enceded blagks tarmporally adjacent may be
reordered in accordance with parameter values, with the order of selected quantization parameters

being take® as identéication ndenmiatiomAlsg]e@teminatiorsofselectionfcamidates may be
performed in an order set beforehand, with the prediction quantization parameter being selected based
on the def8iffidtion rEsie Flither™@RR dgcoding device, a quantization

parameter of the block to be decoded is calculated by adding
difference which the difference information indicates to the
prediction quantization parameter. Further, in the event
that there is no gelection candidate, a quantization
parameter of an initial value in a slice is taken as the
prediction quantization parameter. Also, including a
quantization parameter updated last in the selection
candidates is also performed.

[0012]

A second aspect of this technology is an image decoding
method, including: a process of taking quantization
parameters of decoded blocks spatially or temporally
adjacent to a block to be decoded, as selection candidates,

and extracting, from stream information, difference



the image encoding device, difference information indicating the difference between the prediction
guantization parameter and the set quantization parameter is generated. Also, in the event that there
is no selection candidate, difference information indicating difference between a quantization
parameter of an initial value in a slice, and the set quantization parameters, is generated. Also,
selection can be made between processing of setting a quantization parameter of which the difference
as to the set quantization parameter is the smallest as the prediction quantization parameter, and
processing of performing determination of selection candidates in an order set beforehand and
selecting the prediction quantization parameter based on the determination result, and determination
information indicating the selected processing is generated. The generated difference information,
identificatinndpiarmation, ang determirationriptormatien-ase icluded-sstraarainformation generated
by performing encoding processing of the block to be encoded using the set quantization parameter.
[0014] ufourthzadpeenobtisterhaoloyylis ahdmafemncbdimgsmeéthod] éntluding: a process of
setting a quantization parameter as to a block to be encoded; a process of taking quantization

parameterSICedRd bIGAKS SRENGSF Tempofy Adfdehtty a b6k tbihfe encoded, as selection -

10 - candidates, selecling from the, selsction gandidates g prediction quaniization parameter in
accordance to the set quantization paraméter, and generating difference information indicating

difference; betweeadhe prediction Auantization R ameterandiherset qyantization parameters; and a
process of including the difference information in stream information generated by performing

encoding geasadsihg of the block to be encoded, using the set quantization parameter. Advantageous
Effects of Invention [0015]  According to this technology, quantization parameters of encoded blocks
spatially or temﬂ%r&ﬁ?é’tﬂa@éﬁ’t%ta Bibck B bEERBREd afé ke hoE sélgcidh ddiffifates, and a
predictione%%acgléilz%tiogggnargetejt iscielggted_fr%m trclje elefti%% %gndiggg_gs iﬂ l@géoEdgnsce with the
guantization param%ter set to the BIOcK 1o ba encoded. Differehce information in Icating difference

between thepiadiction guantizafionfarameler and thequantization parameless sekas to the block to
be encoded is generated. Accordingly, the difference of quantization parameters can be prevented
from becamifigrangteat ualpenand ehcgdingigfficiendy ghaquahtizatibaparametetrs ean berimproved.

parameters of encoded blocks spatially or temporally |

adjacent to a block to be encoded, as selection candidates,

select from the selection candidates a prediction |

guantization parameter in accordance to the set guantization

parameter, and generate difference information indicating

difference between the prediction guantization parameter and

the set quantization parameters; and an encoding unit

configured to include the difference infeormation in stream

information generated by performing encoding processing of

the block to be encoded, using the set guantization

parameter.

[0C13]

With this technology, at least blocks where

guantization parameters are redundant or blocks where

quantization using guantization parameters is not performsd



[0016] Also, in a case of decoding stream information where difference information is included, a
prediction quantization parameter is selected from quantization parameters of decoded blocks spatially
or temporally adjacent to a block to be decoded, and a quantization parameter of the block to be
decoded is calculated from the prediction quantization parameter and the difference information.
Accordingly, even in the event that stream information is generated with improved encoding efficiency
of quantization parameters, the quantization parameters can be restored based on the prediction
guantization parameter and difference informatienavhen decoding this stream information, and
decoding processing can be correctly performed. Brief Description of Drawings [0017] [Fig. 1] Fig.
1 is a diagram illustrating a case where decoding order is raster scan order. [Fig. 2] Fig. 2 is a

diagram illysirating B.crse where decoding grdashs pattastarscandsrdencoddiic BhEigs 3 is a

diagram illustrating a configuration of an image encoding device. [Fig. 4] Fig. 4 is a diagram

illustratingeaaohfigdmation of amdnformhation deneratingtitthe block to be encoded,
and selection candidates arxe taken. Also, a guantization
parameter updated last or the like is also included in the
selection candidates. A guantization parameter of which the
difference as to the guantization parameter set from these
selection candidates is the smallest, ig selected as the
prediction gquantization parameter, and identification
information for selecting the prediction guantization
parameter from the selection candidates is generated. For
example, identification information is the order of blocks
corresponding to the selected gquantization parametexr, with
the adjacent encoded blocks in a predetermined order. Also,
the predetermined array is an order of array where priority
is given to one of an encoded block adijacent to the left
side, an encoded block adjacent above, and an encoded block
temporally adjacent. Also, the order of array of adjacent
encoded blocks can be switched. Further, quantization
parameters of encoded blocks temporally adjacent may be
recrdered in accordance with parameter values, with the
order of selected gquantization parameters being taken as
ldentification information. Also, determination of
selection candidates may be performed in an order set
beforehand, with the prediction guantization parameter being

gselected based on the detexrmination result. Further, with



[Fig. 5] Fig. 5 is a diagram exemplarily illustrating a hierarchical structure of a coding unit. - 12 -
[Fig. 6] Fig. 6 is a flowchart illustrating operations of an image encoding device. [Fig. 7] Fig. 7 is a
flowchart illustrating prediction processing. [Fig. 8] Fig. 8 is a flowchart illustrating intra prediction
processing. [Fig. 9] Fig. 9 is a flowchart illustrating inter prediction processing. [Fig. 10] Fig. 10 is a
diagram for describing operations of an information generating unit. [Fig. 11] Fig. 11 is a diagram
exemplarily illustrating operations of an information generating unit.

- 9 -

the image encoding device, difference information indicating
the difference between the prediction guantization parameter
and the set quantization parameter is generated. Alsc, in
the event that there is no selection candidate, difference
information indicating difference between a guantization
parameter of an initial value in a slice, and the set
guantization parameters, is generated. Also, selection can
be made between processing of setting a quantization
parameter of which the difference as to the set quantization
parameter is the smallest as the prediction guantization
parameter, and processing of performing determination of
selectioﬁ candidates in an order set beforehand and

selecting the prediction quantization parameter based on the
determination result, and determination information
indicating the selected processing is generated. The
generated difference information, identification information,
and determination information are included in stream
information generated by performing encoding processing of
the block to be encoded using the set gquantization parameter.
[0014]

A fourth aspect of this technology is an image encoding
method, including: a process of setting a quantization
parameter as to a block to be encoded; a process of taking
quantization parameters of encoded biocks spatially or

temporally adjacent to a block to be encoded, as selection



[Fig. 12] Fig. 12 is a flowchart illustrating processing regarding quantization parameters in encoding.
[Fig. 13] Fig. 13 is a diagram exemplarily illustrating a sequence parameter set. [Fig. 14] Fig. 14 is
a flowchart illustrating frame encoding processing. [Fig. 15] Fig. 15 is a diagram exemplarily
illustrating a picture parameter set. [Fig. 16] Fig. 16 is a diagram exemplarily illustrating a slice
header. [Fig. 17] Fig. 17 is a flowchart illustrating slice encoding processing. [Fig. 18] Fig. 18 is a
diagram illustrating the - 13 - configuration of an image decoding device. [Fig. 19] Fig. 19is a
diagram illustrating the configuration of quantizatian parameter calculating unit. [Fig. 20] Fig. 20 is a
flowchart illustrating

candidates, selecting from the selection candidates a
prediction quantization parameter in accordance to the set
guantization parameter, and generating difference
information indicating difference between the prediction
gquantization parameter and the set guantization parameters;
and a process of including the difference information in
stream information generated by performing encoding
procegsing of the block to be encoded, using the set
gquantization parameter.
Ldvantageous Effects of Invention
[0015]

According to thig technology, guantization parameters
of encoded blocks spatially or temporally adjacent to a
block to be encoded are taken as selection candidates, and a
prediction gquantization parameter is selected from the
selection candidates in accordance with the gquantization
parameter set to the block to be encoded. Difference
information indicating difference between the prediction
quantization parameter and the guantization parameters set
as to the block to bé encoded is generated. Accordingly,
the difference of guantization parameters can be prevented
from becoming a great value, and encoding efficiency of
gquantization parameters can be improved.
[0016]

Also, in a case of decoding stream information where



operations of an image decoding device. [Fig. 21] Fig. 21 is a flowchart illustrating prediction image
generating processing. [Fig. 22] Fig. 22 is a flowchart illustrating processing regarding quantization
parameters in decoding. [Fig. 23] Fig. 23 is a flowchart for describing other operations of an image
decoding device. [Fig. 24] Fig. 24 is a diagram illustrating an operation example in a case of
implicitly predicting quantization parameters. [Fig. 25] Fig. 25 is a flowchart example of a case of
implicitly predicting quantization parameters. [Fig. 26] Fig. 26 illustrates another operation
example in a case of implicitly predicting quantization parameters. [Fig. 27] Fig. 27 is a diagram
exemplarily illustrating a program. [Fig. 28] Fig. 28 is a flowchart for describing other operations of
an image decoding device.

difference information is included, a prediction
quantization parameter is selected from quantization
parameters of decoded blocks spatially or temporally
adjacent to a block to be decoded, and a gquantization
parameter of the block to ke decoded is calculated from the
prediction guantization parameter and the difference
information. Accordingly, even in the event that stream
information is generated with improved encoding efficiency
of guantization parametersg, the quantization parameters can
be restored based on the prediction gquantization parameter
and difference information when decoding this stream
information, and decoding processing can be correctly
performed.
Brief Degcription of Drawings
[0017]

[Fig. 131 Fig. 1 is a diagram illustrating a case where
decoding order is raster scan order.

[Fig. 2] Fig. 2 is a diagram illustrating a case where
decoding order is not raster scan order.

[Fig. 3] Fig. 3 is a diagram illustrating a
configuration of an image encoding device.

[Fig. 4] PFig. 4 is a diagram illustrating a
configuration of an information generating unit.

[Fig. 5] Fig. 5 is a diagram exemplarily illustrating a

hierarchical structure of a coding unit.



[Fig. 29] Fig. 29 is a diagram exemplifying a schematic configuration of a computer device. [Fig. 30]

Fig. 30 is a diagram exemplifying a schematic - 14 - configuration of a television receiver. [Fig. 31]
Fig. 31 is a diagram exemplifying a schematic configuration of a cellular telephone. [Fig. 32] Fig.
32 is a diagram exemplifying a schematic configuration of a recording/playback device. [Fig. 33]

Fig. 33 is a diagram exemplifying a schematic configuration of an imaging apparatus. Description of
Embodiments [0018]

- 12 -

[Fig. 6] Fig. 6 is a flowchart illustrating operations
of an image encoding device.

[Fig. 7] Fig. 7 is a flowchart illustrating prediction
processing.

[Fig. 8] Fig. 8 is a flowchart illustrating intra
prediction processing.

[Fig. 9] Fig. 9 is a flowchart illustrating inter
prediction procegsing.

[Fig. 10] PFig. 10 is a diagram for describing
operations of an information generating unit.

[Fig. 11] Fig. 11 is a diagram exemplarily illustrating
operations of an information generating unit.

[PFig. 12] Fig. 12 is a flowchart illustrating
processing regarding quantization parameters in encoding.

[Fig. 13] Fig. 13 is a diagram exemplarily illustrating
a sequence parameter set.

[Fig. 14] Fig. 14 is a flowchart illustrating frame
encoding processing.

[Fig. 15] Fig. 15 1s a diagram exemplarily illustrating
a picture parameter set.

[Fig. 16] Fig. 16 is a diagram exemplarily illustrating
a slice header.

[Fig. 17] Fig. 17 is a flowchart illustrating slice
encoding processing;

[Fig. 18] Fig. 18 is a diagram illustrating the



Hereinafter, embodiments of the present invention will be described. Note that description will proceed
in the following order. 1. Configuration of Image Encoding Device 2. Operation of Image Encoding
Device 3. Generating Operation of Identification Information and Difference Information based on
Quantization Parameters 4. Configuration of Image Decoding Device 5. Operation of Image Decoding
Device 6. Other Operations of Image Encoding Device and Image Decoding Device 7. Case of
Software Processing 8. Case of Application to Electronic Equipment [0019] <1. Configuration of Image
Encoding Device> - 13 -

configuration of an image decoding device.

[Fig. 19] Fig. 1% is a diagram illustrating the
configuration of quantization parameter calculating unit.

[Fig. 20] Fig. 20 is a flowchart illustrating
operations of an image decoding device.

[Fig. 21] Fig. 21 is a flowchart illustrating
prediction image generating processing.

[Fig. 22] Fig. 22 is a flowchart illustrating
processing regarding quantization parameters in decoding.

[Fig. 23] Fig. 23 is a flowchart for describking other
operations of an image decoding device.

[Fig. 24] Fig. 24 is a diagram illustrating an
operation example in a casgse of implicitly predicting
guantization parameters.

[Fig. 251 Fig. 25 is a flowchart example of a case of
implicitly predicting quantization parameters.

[Fig. 26] Fig. 26 illustrates another operation example
in a case of implicitly predicting guantization parameters.

[Fig. 271 Fig. 27 isg a diagram exemplarily illustrating
a program.

[Fig. 28] Fig. 28 is a flowchart for describing other
operations of an image decoding device.

[Fig. 28] Fig. 29 is a diagram exemplifying a schematic
configuration of a computer device.

[Fig. 30} Fig. 30 is a diagram exemplifying a schematic



Fig. 3 illustrates a configuration of an image encoding - 15 - device. The image encoding device 10
includes an Analog/Digital conversion unit (A/D conversion unit) 11, a screen rearranging buffer 12, a
subtracting unit 13, an orthogonal transform unit 14, a quantization unit 15, a lossless encoding unit
16, a storage buffer 17, and a rate control unit 18. Further, the image encoding device 10 includes an
inverse quantization unit 21, an inverse orthogonal transform unit 22, an adding unit 23, a deblocking
filter 24, a frame memory 26, a selector 26, an intra prediction unit 31, a motion
prediction/compensation unit 32, and a predictionimage/optimal mode selecting unit 33. [0020] The
A/D conversion unit 11 performs conversion of analog image signals into digital image data and
outputs these to the screen rearranging buffer 12. [0021] The screen rearranging buffer 12

performs tesfanging efikames as tedheimagedataeuvtpikirom the A/D conversion unit 11. The
screen rearranging buffer 12 performs rearranging of the frames according to a GOP (Group of
Pictures) structui@ ielatidg o fiegrencoding procéssimyaanevatmis thalintage datacafeet Yearranging to
the subtracting unit 13, rate control unit 18, intra prediction unit 31, and motion

prediction ﬁ&%ﬁﬁ%ﬁﬂﬁﬁé@ngglluiar telephone.

[Fig. 232] Fig. 32 is a diagram exemplifying a schematic
configuration of a recording/playback device.

[Fig. 33] Fig. 33 is a diagram exemplifying a schematic
configuration of an imaging apparatus.

Degcription of Embodiments
[0018]

Hereinafter, embodiments of the present invention will
be described. Note that description will proceed in the
following order.

1. Configuration of Image Encoding Device

2. Operation of Image Encoding Device

3. Generating Operation of Identification Information and
Difference Information based on Quantization Parameters
4. Configuration of Image Decoding Device

5. Operation of Image Decoding Device

6. Other Operations of Image Encoding Device and Image
Decoding Device

7. Case of Software Processing

8. Case of Application to Electronic Equipment

[0019]

<1l. Configuration of Image Encoding Devices

Fig. 3 illustrates a configuration of an image encoding



[0022] The image data output from the screen rearranging buffer 12 and the prediction image data
selected at the later-described prediction image/optimal mode selecting unit 33 are supplied to the
subtracting unit 13. The subtracting unit 13 calculates prediction error data which is a difference
between the image data output from the screen rearranging buffer 12 and the prediction image data
supplied from the prediction image/optimal mode selecting unit 33, and outputs this to the orthogonal
transform unit 14. [0023]  The orthogonal transform unit 14 performs orthogonal transform
processing such as discrete cosine transform (DQE Discrete Cosine Transform), Karhunen-Loeve
transform or the like, as to the prediction error data output from the subtracting unit 13. The orthogonal
transform unit 14 outputs the transform coefficient data obtained by performing orthogonal transform

processingde the quantizatiaz yait d5c[924y aeThe fransformcoefficienttlata output from the
orthogonal transform unit 14 and the quantization parameter (quantization scale) from a

later-deschibeddgiopratior Jeneratimgnitl akesUgplieddontive gaantizativhtunit. 15. Ehe
quantization unit 15 performs quantization of the - 17 - transform coefficient data and outputs the

quantizedFHE 38 tFE Foseisss ottt 16 and ifEIEE Jahnficatdmiinit31. ARo, the quantization

unit 15 chanaes (s, b rate.of spanegfeta hased o the quaizaon pagareterg set at the rate

e b'E r
control unit 1 cf§8§l§]
logsless encoding unit 16, a storage buffer 17, and a rate
control unit 18. Further, the image encoding device 10
includes an inverse quantizatlon unit 21, an inverse
orthogonal transform unit 22, an adding unit 23, a
deblocking filter 24, a frame memory 26, a selector 26, an
intra prediction unit 31, a motion prediction/compensation
unit 32, and a prediction image/coptimal mode selecting unit
33.
[0020]

The A/D conversion unit 11 performs conversion of
analog image signals into digital image data and outputs
these to the screen rearranging buffer 12.

[0c21]

The screen rearranging buffer 12 performs rearranging
of frames as to the image data output from the A/D
conversion unit 11. The screen rearranging buffer 12
performs rearranging of the frames according to a GOP {(Group
of Pictures) structure relating to the encoding processing,
and outputs the image data afier rearranging to the
subtracting unit 13, rate contrcl unit 18, intra prediction

unit 31, and motion prediction/compensation unit 32.



The quantized data output from the quantization unit 15, identification infolmation and difference
information from the later-described information generating unit 19, prediction mode information from
the intra prediction unit 31, and prediction mode information and difference motion vector information
and the like from the motion prediction/compensation unit 32, are supplied to the lossless encoding
unit 16. Also, information indicating whether the optimal mode is intra prediction or inter prediction is
supplied from the prediction image/optimal mode selecting unit 33. Note that the prediction mode
information includes prediction mode and block-sizg information of motion prediction unit and so forth,
according to whether intra prediction or inter prediction. [0026] The lossless encoding unit 16 performs
lossless encoding processing as to the quantized data, for example using variable length coding,
arithmetic goghng, or the like, to generate stream information and outputs this to the - 18 - storage
buffer 17. Also, in the event the optimal mode is intra prediction, the lossless encoding unit 16
performs losslesshencocknrg:odahes predigiion Mode infoematiore suppteskfremdtientra prediction unit
31. Also, in the event the optimal mode is inter prediction, the lossless encoding unit 16 performs
lossless epieddRE dritirpretitEioR FROHE thicin ditigan daifrR réifcbanbieh ¥6ctoR$and the like

supplied from the motion., regfiction/g,om ensation un? 32. Further tlgle Iossﬁess e.ncodinlgi%nit 16
0 h

performs o%%l%%é%%%%ﬁfﬁge iRformation Cr)é.iatllr[ﬂjaL 5 %pé_‘l}%aﬂzaﬁgn %a?’aemgtcé‘?sl,ns%cﬁ ds difference

informatiogsfog, gxan ﬂ'@d%%%%@”%@ﬁi%&@&%@%nﬁﬁ%s {he inferpation, following lossless
encoding in stream information. [0027]  The storage buffer 17 stores an encoded stream from the
lossless emcadinguriblaAlsosthersterdge thidter d Fratpdisithe stored eheoded stream with a
transmission speed in accordance with the transmission path. [0028]

difference between the image data output f£rom the screen

rearranging buffer 12 and the prediction image data supplied

from the prediction image/optimal mode selecting unit 33,

and outputs this to the orthogonal transform unit 14.

[0023]

The orthogonal transform unit 14 performs orthogonal
transform processing such as discrete cogine transform (DCT:
Discrete Cosine Transform}, Karhunen-Loéve transform or the
like, as to the prediction error data output from the
subtracting unit 13. The orthogonal transform unit 14
outputs the transform coefficient data obtained by
performing orthogonal transform processing to the
guantization unit 15.

[0024]

The transform coefficient data output from the
orthogenal transform unit 14 and the guantization parameter
(quantization scale) from a later-described information

generating unit 19 are supplied to the quantization unit 15.

The guantization unit 15 performs gquantization of the



The rate control unit 18 performs monitoring of a available capacity of the storage buffer 17, and sets
the quantization parameters such that, in the event that there is little capacity available, the bit rate of
the quantized data drops, and in the event that there is sufficient - 19 - capacity the bit rate of the
guantized data rises. Also, the rate control unit 18 detects complexity of the image, such as activity
which is information indicating the variance of pixel values for example, using image data supplied
from the screen rearranging buffer 12. The rate control unit 18 the quantization parameters such that
rough quantization is realized for image portions where the variance value of pixels is low and fine
guantization for portions otherwise, for example, based on the detection results of complexity of the
image. The rate control unit 18 outputs the quantization parameters that have been set to the

information,aenerating uak 491 (00291 qaThe infarmBatoneeneRlng yait o aupusihe gyantization
parameters supplied from the rate control unit 18 to the quantization unit 15. The information
generatingluait I9saide sakesquahtization pardrietens! of sNeoded lglosks: spatiallyroriemporally
adjacent to a block to be encoded as selection candidates. The information generating unit 19 selects
a quantizétion parsifetet RonTtie SeigetorPBantiddted in GRESIRRACE WAtWthE gidhfiz&fon parameter
set at the r%tgnctopé%)éuag %L% ggcsi &g%kegna a é)redicti%q %g%rit(i)zation Jarameter. Further, the

information generating unit 19 generates i antification information” g‘or?espo%ﬁlsngst% the selected

quantizatigp parameters 8.« T 320+ identfication information for selecting prediction quantization
parameters from the selection candidates, and difference information indicating the difference between
the predicfionzfiiantization parameters and the set quantization parameters.

The guantized data output from the gquantization unit 15,
identification information and difference information from
the later-described information generating unit 19,
prediction mode information from the intra prediction unit
31, and prediction mode information and difference motion
vector information and the like from the motion
prediction/compensation unit 32, are supplied to the
lossless encoding unit 16. Also, information indicating
whether the optimal mode is intra prediction or inter
prediction is supplied from the prediction image/optimal
mode selecting unit 33. Note that the prediction mode
information includes prediction mode and block size
information of motion prediction unit and so forth,
according to whether intra prediction or inter prediction.
[0026]

The losgsless encoding unit 16 performs lossless
encoding processing as te the gquantized data, for example
using variable length coding, arithmetic coding, or the like,

to generate stream information and outputs this to the



[0030] Fig. 4 illustrates a configuration of the information generating unit. The information
generating unit 19 has a quantization parameter memory unit 191 and a difference computing unit 192.
The information generating unit 19 outputs to the quantization unit 15 the quantization parameters
supplied from the rate control unit 18. Also, the infoation generating unit 19 supplies the quantization
parameters supplied from the rate control unit 18 to the quantization parameter memory unit 191 and
difference computing unit 192. [0031] The quantization parameter memory unit 191 stores the
supplied quantization parameters. The difference Lemputing unit 192 reads out, from the quantization
parameters of encoded blocks stored in the quantization parameter memory unit 191, quantization
parameters of encoded blocks in the spatial or temporal periphery of the block to be encoded, as

selection eandidalesphlspeat least bigcks whetegyaniization paramsiersae redyadant, and blocks
where - 21 - quantization using quantization parameters is not performed, such as blocks where
transform tokfficigrt eldia to be quahtizéd asthesquartizatiomgnitd btis akk "@efof example, are

excluded from selection candidates. Also, the difference computing unit 192 excludes from selection
candidate$ChIRERS theieffterfefefte 86 B TERip DI TYedardifig WHIGT d&Rrmination has been

made to perforrlfisgéo_@rgggs in baseg on iné%[:an tion from the gaéer-d icribed.mot?g

oL ) ol . 1 . 0, 1n
predlctlonfé’1 pensation unit an prealdlai:on m%:agle 61pt|nrwléltm e se ecsflng dnit 'E

event the optimal mode is inter prediction, the lossless
encoding unit 16 performs lossless encoding on the
prediction mode information and difference motion vectors
and the like supplied from the motion
prediction/compeﬁsation unit 32. Further, the lossless
encoding unit 16 performs lossless encoding of information
relating to the guantization parameters, such as difference
information for example. The lossless encoding unit 16
includes the information following lossless encoding in
stream information.

i0027]

The storage buffer 17 stores an encoded stream from the
lossless encoding unit 16. Alsoc, the storage buffer 17
outputs the stored encoded stream with a transmission speed
in accordance with the transmission path.

[0028]

The rate contrel unit 18 performs monitoring of a
availlable capacity of the storage buffer 17, and sets the
guantization parameterg such that, in the event that there
ig little capacity available, the bit rate of the guantized

data drops, and in the event that there is sufficient



[0032] The difference computing unit 192 selects a quantization parameter from the quantization
parameters, in accordance with the quantization parameter of the block to be encoded, i.e., the
guantization parameter supplied from the rate control unit 18, as a prediction quantization parameter.
The difference computing unit 192 further generates difference information indicating the difference
between identification information for selecting prediction quantization parameters from the selection
candidates and a quantization parameter of the block to be encoded, and outputs this to the lossless
encoding unit 16. [0033]  Returning to Fig. 3-thednverse quantization unit 21 performs inverse
guantization processing of the quantized - 22 - data supplied from the quantization unit 15. The
inverse quantization unit 21 outputs the transform coefficient data obtained by performing inverse

quantizatipgpsegassinthto thednyerse asthogapakjransfene anit22. (00344 s . The dwerse orthogonal

transfoldi unit 22 performs inverse transform processing of the transform coefficient data supplied from

the inverseltpiargizatioreotit @1, and ouigutsdieeolrainsemigtatsd the addingunirzge,
such as activity which is information indicating the
variance of pixel values for example, using image data
supplied from the screen rearranging buffer 12. The rate
control unit 18 the quantization parameters such that rough
gquantization is realized for image portions where the
variance value of pixels is low and fine guantization fox
portions otherwise, for example, based on the detection
results of complexity of the image. The rate control unit
18 outputs the guantizatiocn parameters that have been set to
the information generating unit 19.
[C029]

The information generating unit 19 outputs the

quantizaticn parameters supplied from the rate control unit
18 to the quantization unit 15. The information generating
unit 19 also takes guantization parameters of encoded blocks
spatially or temporally adjacent to a block to be encoded as
gelection candidates. The information generating unit 19
selects a quantization parameter from the selection
candidates in accordance with the quantization parameter set
at the rate contreol unit 18, and takes as a prediction
quantizatién parameter. Further, the information generating
unit 19 generates identification information corresponding

to the selected quantization parameters, i.e.,



[0035] The adding unit 23 adds data supplied from the inverse orthogonal transform unit 22 and
prediction image data supplied from the prediction image/optimal mode selecting unit 33 to generate
decoded image data, and outputs to the deblocking filter 24 and frame memory 26. Note that the
decoded image data is used as image data of the reference image. [0036] The deblocking filter 24
performs filtering processing to decrease block distortion which occurs at the time of image encoding.
The deblocking filter 24 performs filtering processing to remove the block distortion from the decoded
image data supplied from the adding unit 23, and Daitputs the decoded image data after filtering
processing in the frame memory 26. - 23 - [0037]  The frame memory 26 holds the decoded image
data after filtering processing supplied from the deblocking filter 24. The decoded image held in the

frame memouw 261s sHpRSd tothematianAredistionioarmpansationdinit-32 as reference image data.
[0038] The intra prediction unit 31 performs prediction in intra prediction processing of all the

candidategntra predittiom mudespasiagsn futdmagesd ate b thelivmagetobalehesdeksupplied from the
screen rearranging buffer 12 and reference image data supplied from the adding unit 23, and
determinesidrt 8pfimarintaiREBR iR T IR TRk prEGiction GRE 91 QFAEE S cdstfunction
value for eachﬂi{\(t:rgirgedicgo% go%%@r IclaxamlpI%\eaén@grtéake?1 }P%}E‘ga %rgdic@oH trgoz%%wggre the
encoding %ﬁ?mency |s%egt, 4564 Onthe calcutated cost function vaFue, dihe optlmaiLlntra prediction
mode. Thgdnizaprediction unit 31 outputs the prediction image data generated in the optimal intra
prediction mode, and the cost function value of the optimal intra prediction mode, to the prediction
image/optimakmpde selecting unit 33. Further, the intra prediction unit 31 outputs prediction mode
information indicating the intra prediction mode to the lossless encoding unit 16. _
Fig. 4 iliustrates a configuration of the information

generating unit. The information generating unit 19 has a

guantization parameter memory unit 191 and a difference

computing unit 192. The information generating unit 19

outputs to the quantization unit 15 the guantization

parameters supplied from the rate control unit 18. Alsoc,

the information generating unit 19 supplies the quantization

parameters supplied from the rate control unit 18 to the

guantization parameter memory unit 191 and difference

computing unit 192.

[0031]

The guantization parameter memory unit 191 stores the

supplied quantization parameters. The difference computing

unit 192 reads out, f£rom the guantization parameters of

encoded blocks stored in the quantization parameter memory

unit 191, guantization parameters of encoded blocks in the

spatial or temporal pexriphery of the block to be encoded, as

gselection candidates. Also, at least blocks where

quantization parameters are redundant, and blocks where



[0039] - 24 - The motion prediction/compensation unit 32 performs prediction in all candidate inter
prediction modes, using the input image data of the image to be encoded, supplied from the screen
rearranging buffer 12, and the reference image data supplied from the frame memory 26, and decides
the optimal inter prediction mode. The motion prediction/compensation unit 32 calculates a cost
function value in each inter prediction mode for example, and takes the inter prediction mode where
the encoding efficiency is best, based on the calculated cost function values, as the optimal inter
prediction mode. The motion prediction/compensation-unit 32 outputs the prediction image data
generated in the optimal inter prediction mode and the cost function value of the optimal inter
prediction mode, to the prediction image/optimal mode selecting unit 33. Further, the motion
predictiondeempensaiitariniis3Z gutpuis preticiiofnmpde drferaation elaing fecthecxnpiisgl inter
prediction mode to the lossless encoding unit 16 and information generating unit 19. [0040] The
predictionsiwtdyedsptimaiahsdeseleeting wnit B33 oormpaiesine @05t fimetdori vale supplied from the
intra prediction unit 31 to the_cost function value supplied from,the motion Qrediction/com%ensation unit

32, and sERRIEhEShePdt Wileh TRt ARch VIS is'iss thahthe Gthert 925 S35 H& Dptimal
mode wheigdhgeoraing sfigisnay wllbbe dest Alon dhie pLediciea dnaggioptimal mode selecting

unit 33 outputs the prediction image data generated in the optimal mode to the subtracting unit 13 and
adding unitiZ Htethes, thenpsadiction image/optimat made=selestng Wait 33 putputs information
indicating whether the optimal mode is the intra prediction mode or the inter prediction mode to the
lossless errpdindansel6 hhddfernbtae geadtainguafcto: abté ehatthd Prédiction image/optimal

mode selecting unit 33 performs switching of the intra prediction or inter prediction in increments of
§mes[oé%ﬁc g") regarding which determination has been made to

perform skip processing based on information from the latexr-
described motion prediction/compensation unit 32 and
prediction image/optimal mode selecting unit 33.

[0032]

The difference computing unit 192 selects a
guantization parameter from the guantization parameters, in
accordance with the quantization parameter of the bliock to
be encoded, i.e., the guantization parameter supplied from
the rate control unit 18, as a prediction guantization
parameter. The difference computing unit 192 further
generates difference information indicating the difference
between identification information for selecting prediction
gquantization parameters from the selection candidates and a
guantization parameter of the block to be encoded, and
outputs this to the lossless encoding unit 16.

[0033]
Returning to Fig. 3, the inverse quantization unit 21

performs inverse quantization processing of the guantized



<2. Operation of Image Encoding Device>  With the image encoding device, encoding processing is
performed with the macroblock size extended beyond that with the H.264/AVC format, for example.
Fig. 5 exemplarily illustrates the hierarchical structure of coding units. Note that Fig. 5 illustrates a case
where the maximum size is 128 pixels x 128 pixels, and the hierarchical depth (Depth) is 115". For
example, in the event that the hierarchical depth is "0", a 2N x 2N (N = 64 pixels) block is coding unit
CUO. Also, when split flag = 1, the coding unit CUO is divided into four independent N x N blocks, with
the N x N blocks being blocks of one hierarchical ¥évet lower. That is to say, the hierarchical depth is
"1",and - 26 - 2N x 2N (N = 32 pixels) blocks are coding unit CU1. In the same way, when split flag =
1, this is divided into four independent blocks. Further, when the depth "4" which is the deepest
hierarchicéd teved; 2 k 20 (N roh pixets) dlecksiare thdingamiit CUE, arflth@ pixelsx 8eixels are the
smallest size for coding units CU. Also, with HEVC, prediction unit (PU: Prediction Unit) which is a

basic unitfePBividiAG LB8ing Urits2an PiiedittingtBRd HaRRRFThiCERF FHaAERIMIGAD which is a
basic unit for ransforiation apd quANIzaYon. Are dgfingd9942hn processing to

the inverse orthogonal transform unit 22.

{0034]

The inverse orthogonal transform unit 22 performs
inverse transform processing of the transform coefficient
data supplied from the inverse quantization unit 21, and
outputs the obtained data to the adding unit 23.

[0035]

The adding unit 23 adds data supplied from the inverse
orthogonal transform unit 22 and prediction image data
supplied from the prediction image/optimal mode selecting
unit 33 to generate decoded image data, and outputs to the
deblocking filter 24 and frame memory 26. Note that the
decoded image data is used as image data of the reference
image.

[0036]

The deblocking filter 24 performs filtering processing
tc decrease block distortion which occurs at the time of
image encoding. The deblocking filter 24 performs filtering
processing to remove the block distortion from the decoded
image data supplied from the adding unit 23, and outputs the
decoded image data after filtering processing in the frame

memory 26.



Next, operations of the image encoding device will be described with reference to the flowchart in Fig.
6. In step ST11, the A/D converting unit 11 performs A/D conversion on the input image signals. [0043]
In step ST12, the screen rearranging buffer 12 performs image rearranging. The screen rearranging
buffer 12 stores image data supplied from the A/D converting unit 11 and performs rearranging from
~an order for displaying the pictures to an order for encoding. [0044] In step ST13, the subtracting
unit 13 generates prediction error data. The subtracting unit 13 calculates the difference between the
image data of images rearranged - 27 - in step-ST32-and prediction image data selected at the
prediction image/optimal mode selecting unit 33 to generate prediction error data. The data amount of
the prediction error data is smaller than that of the original image data. Therefore, data amount can be
compressegdn-gpmparison with a case where the image is encoded as it is.

The frame memory 26 holds the decoded image data after
filtering processing supplied from the deblocking filter 24.
The decoded image held in the frame memory 26 is supplied to
the motion prediction/compensation unit 32 as reference
image data.

[0038]

The intra prediction unit 31 performs prediction in
intra prediction processing of all the candidate intra
prediction modes, using input image data of the image to be
encoded supplied from the screen rearranging buffer 12 and
reference image data supplied from the adding unit 23, and
determines an optimal intra prediction mode. The intra
prediction unit 31 calculates a cost function value for each
intra prediction mode for example, and takes the intra
prediction mode where the encoding efficiency is best, based
on the calculated cost function value, as the optimal intra
prediction mode. The intra prediction unit 31 outputs the
prediction image data generated in the cptimal intra
prediction mode, and the cost function value of the optimal
intra prediction mode, to the prediction image/optimal mode
selecting unit 33. Further, the intra prediction unit 31
outputs prediction mode information indicating the intra
prediction mode to the lossless encoding unit 16.

[0039]



[0045] In step ST14, the orthogonal transform unit 14 performs orthogonal transform processing.
The orthogonal transform unit 14 performs orthogonal transform on the prediction error data supplied
from the subtracting unit 13. Specifically, orthogonal transform such as discrete cosine transform,
Karhunen-Loeve transform, and the like are performed as to the prediction error data to output
transform coefficient data. [0046] In step ST15, the quantization unit 15 performs quantization
processing. The quantization unit 15 quantizes transform coefficient data. Rate control is performed at
the time of quantization, as illustrated in the later-described processing in step ST25. [0047] The
inverse gquantization unit 21 performs inverse quantization processing in step ST16. The inverse
guantization unit 21 performs inverse quantization on the - 28 - transform coefficient data quantized

by the quantizatiofeurib i3 yvithoprepeHies-corespeadingtodhe praperties phtheayantization unit 15.

1004 prediction in all candidate inter prediction modes, using
the input image data cof the image to be encoded, supplied
from the screen rearranging buffer 12, and the reference
image data supplied from the frame memory 26, and decides
the optimal inter prediction mode. The motion
prediction/compensation unit 32 calculates a cost function
value in each inter prediction mode for example, and takes
the inter prediction mode where the encoding efficiency is
best, based on the calculated cost function values, as the
optimal inter prediction mode. The motion
prediction/compensation unit 32 outputs the prediction image
data generated in the optimal inter prediction mode and the
cost function value of the optimal inter prediction mode, to
the prediction image/optimal mode selecting unit 33.
Further, the motion prediction/compensation unit 32 outputs
prediction mode information relating to the optimal inter
prediction mode to the.lossless'eﬁcoding unit 16 and
information generating unit 19.
{0040}

The prediction image/optimal mode selecting unit 33
compares the cost function value supplied from the intra
prediction unit 21 to the cost function value supplied from
the motion prediction/compensation unit 32, and selects the

one of which the cost function value is less than the other



In step ST17, the inverse orthogonal transform unit 22 performs inverse orthogonal transform
processing. The inverse orthogonal transform unit 22 performs inverse orthogonal transform on the
transform coefficient data subjected to inverse quantization by the inverse quantization unit 21 with
properties corresponding to the properties of the orthogonal transform unit 14. [0049]  In step 3T18,
the adding unit 23 generates reference image data. The adding unit 23 adds the prediction image data
supplied from the prediction image/optimal mode selecting unit 33 and the data after inverse
orthogonal transform of the corresponding positioAo this prediction image, to generate decoded data
(reference image data). [0050] In step 5T19, the deblocking filter 24 performs filtering processing.
The deblocking filter 24 filters decoded image data output from the adding unit 23 and removes block
distortion 2[©05hkIncgte p TR Ondlde framermentiory 26cstdresdhe féferdrcesy 28i-lindge data. The
frame memory 26 stores the decoded image data after filtering processing (reference image data).

[0052] DbRedtep SEEP thEhGtr & BRsHICHTPINILBESMATRGHSIT pratictRNFEOrESeridion unit 32 each

performs prediction %rogessér%g.t 'géat s & sa#].the intra %reg&ctjcon unit 31 ggrfgrmi% ng&afpredlctlon

. 18 1 1Oon Lhadge a genexr .
processing Ojf hé intra pl%%lc 10N mode, anc? € motion predic |on/gompensaei|on unit performs

motion predictign/compensation prcessing:of the intgrpredicfion RodeEhgpragdigtionyprocessing is

described below with reference to Fig. 7, in which the prediction processing with all candidate

predictiorrmedas is, eacteperfemied:, and dosiduntiionivsilesnwitle al¢he candigaiengrediction mode

are each calculated by this processing. Further, based on the calculated cost function values, the

optimal infatpredigtién rsdeaddeplinal frédpeditiohinsdd bre sEleéfedlanedse prediction image

and the cost functjon and gre,dictlon mod inform%%n r?enerated in.the selected géec%l:igtion mode are
uni

supplied to/HTedHOR IRAGELPHAT MU selbct g Uit 35> Pr=0iction mo

the lossless encoding unit 16 and information generating
unit 19. Note that the prediction image/cptimal mode
selecting unit 33 performs switching of the intra prediction
or inter prediction in increments of slices.
foo41]
<2. Operation of Image Encoding Devices>

With the image encoding device, encoding processing is
performed with the macroblock size extended beyond that with
the H.264/AVC format, for example. Fig. 5 exemplarily
illustrates the hierarchical structure of coding units.
Note that Fig. 5 illustrates a case where the maximum size
is 128 pixels x 128 pixels, and the hierarchical depth
(Depth) is "5". For example, in the event that the
hierarchical depth is "0", a 2N x 2N (N = 64 pixels) block
is coding unit CUC. Also, when split flag = 1, the coding
unit CUO is divided into four independent N x N blocks, with
the N x N blocks being blocks of one hierarchical level

lower. That is to say, the hierarchical depth is "i", and



[0053] In step ST22, the prediction image/optimal mode selecting unit 33 selects the prediction
image data. The prediction image/optimal mode selecting unit 33 decides in the optimal mode of which
the encoding efficiency is best, - 30 - based on each cost function value output from the intra
prediction unit 31 and motion prediction/compensation unit 32. That is to say, the prediction
image/optimal mode selecting unit 33 decides the coding unit where the encoding efficiency is best
from each of the hierarchical levels illustrated in Fig. 5 for example, the block size of prediction untie in
this coding unit, and which of intra prediction and Z#er prediction to perform. Further, the prediction
image/optimal mode selecting unit 33 outputs the prediction image data of the decided optimal mode
to the subtracting unit 13 and adding unit 23. This prediction image data is used for the computation of
step ST13ane Shi8(ms-descripad.abgye H0854]s aite stepi$hi3thedossiess epgodmng unit 16
performs lossless encoding processing. The lossless encoding unit 16 performs lossless encoding on
the quantization data ovipsfremithe quztizatidn uhiedls. TRadisviodsidssemeodirgBsuch as variable
length encoding or arithmetic encodin (? %?]rformed as to the g'uantlzatlon data to be made data

compressigtHERd ﬁ@tfogé’s‘g{@nco 6 PEIFotnTE 1BsS8BS Bncdding ot Prediftion mode
mformath&l%ndd Eeeslpagpg i'zglthg &%qlctl%lma%%di@ séelgc?gﬂgf@p ST22, and
d

lossless encode ta su as prediction mode information and the like i§ included in steam

informatiasn o 3t gereratedingperfarmioglossiess encedingef quantizatien datare the
smallest size for coding units CU. Also, with HEVC,
prediction unit (PU: Prediction Unit) whiéh is a basic unit
for dividing coding units and predicting, and transform unit
{(TU: Transform Unit) which is a basic unit for
transformation and gquantization, are defined.
[0042]

Next, operations of the image encoding device will be
described with reference to the flowchart in Fig. 6. In
step ST11l, the A/D converting unit 11 performs A/D
conversion on the input image signals.

[0043]

In step 8T12, the screen rearranging buffer 12 performs
image rearranging. The screen rearranging buffer 12 stores
image data supplied from the A/D converting unit 11 and
performs reafranging from an order for displaying the
pictures to an order for encoding.

[0044]

In step ST13, the subtracting unit 13 generates

prediction error data. The subtracting unit 13 calculates

the difference between the image data of images rearranged



[0055] In step ST24, the storage buffer 17 performs storage processing. The storage buffer 17
stores stream information output from the lossless encoding unit 16. The stream information stored in
this storage buffer 17 is read out appropriately and is transmitted to the decoding side over the
transmission path. [0056] In step ST25, the rate control unit 18 performs rate control. The rate
control unit 18 controls, in the case of storing stream information in the storage buffer 17, the rate of
the quantization operation of the quantization unit 15 so that overflow or underf low does not occur in
the storage buffer 17. [0057]  Next, prediction pdcessing in step ST21 in Fig. 6 will be described
with reference to the flowchart in Fig. 7. [0058] In step ST31, the intra prediction unit 31 performs
intra prediction processing. The intra prediction unit 31 performs intra prediction on the image of the
predictioniunitto=he swcadechdn aiteahdidatsinireespredittion nsedes: iNate dhatt for the image data of
the decoded image referred - 32 - to in intra prediction, the decoded image data before being
subjectedesadEbidckaiy ﬂﬁ@ﬁﬂé@%ﬁﬁ@%y@ﬁ@%eﬁ%ﬁﬁ@%r YRi§ udéd 'PuEEETS ftra prediction

rocessing, intra prediction is pe ormedl allc ndidate intr . .
P 8 f%%fgn errog Jata g’ta amount of the prediction

error data is smaller than that of the original image data.
Therefore, data amount can be compressed in comparison with
a case where the image 1s encoded as it is.

[0045]

In step ST14, the orthogonal transform unit 14 performs
orthogonal transform processing. The orthogonal transform
unit 14 performs orthogonal transform on the prediction
error data supplied from the subtracting unit 13.
Specifically, orthogonal transform such as discrete cosine
transform, Karhunen-Loéve transform, and the like are
performed as to the prediction error data to output
transform coefficient data.

[0046]

In step ST15, the guantization unit 15 performs
guantization processing. The guantization unit 15 guantizes
transform coefficient data. Rate control is performed at
the time of gquantization, as illustrated in the later-
described processing in step ST25.

[0047]

The inverse quantization unit 21 performs inverse

quantization processing in step ST1l6. The inverse

gquantization unit 21 performs inverse guantization on the



prediction modes, and a cost function value is calculated for all candidate intra prediction modes. One
intra prediction mode of which the encoding efficiency is best is then selected from all intra prediction
modes, based on the calculated cost function values. [0059] In step 5T32, the motion
prediction/compensation unit 32 performs inter prediction processing. The motion
prediction/compensation unit 32 performs inter prediction processing of all candidate inter-prediction
modes using decoded image data after deblocking filter processing stored in the frame memory 26.
Due to this inter prediction processing, prediction pfocessing is performed in all candidate inter
prediction modes, and cost function values are calculated for candidate inter prediction modes. One
inter prediction mode of which encoding efficiency is the best is then selected from all inter prediction
modes, baged s ehe: caleaffed tostifudetion wiaasioedopy e Buvarprédistideprocessing in step

ST31 in Fig. 7 will be described with reference to the flowchart in Fig. 8. - 33 - [0061] _ In step ST41,
the intra ﬁf%ﬂi%tlﬂ)ﬁ URit S PEPRES ﬁfrg%r@&ifﬁﬁ@?@%ﬁ%re‘b‘?ﬁﬂﬁ%@ﬁ@pﬁ irfifa Prediction unit 31

generatestBee M%@lq)@;aﬁ@&gclwﬂra prediction mode, using decoded image data before and
after blocking filter processing. [00621

f0048]

In step ST1l7, the inverse orthogonal transform unit 22
performs inverse orthogonal transform processing. The
inverse orthogonal transform unit 22 perxforms inverse
orthogonal transform on the transfcrm coefficient data
subjected to inverse guantization by the inverse
guantization unit 21 with properties corresponding to the
properties of the orthogonal transform unit 14.

[0049]

In step 8718, the adding unit 23 generates reference
image data. The adding unit 23 adds the prediction image
data supplied from the prediction image/optimal mode
selecting unit 33 and the data after inverse orthogonal
transform of the corresponding position to this prediction
image, to generate decoded data (reference image data).
[0050]

In step ST19, the deblocking filter 24 performs
filtering processing. The deblocking filter 24 filters
decoded image data output from the adding unit 23 and
removes block distortion.

[oo51]

In step 8T20, the frame memory 26 stores the reference



In step ST42, the intra prediction unit 31 calculates cost function values in each prediction mode.
Calculation of cost function values is performed, as stipulated in JM (Joint Model) which is the
reference software in the H.264/AVC format, based on either technique of the High Complexity mode
or Low Complexity mode. [0063]  That is to say, in the High Complexity mode, up to the lossless
encoding processing is tentatively performed as to all candidate prediction modes, and the cost
function value represented by the following Expression (1) are calculated as to each prediction mode.
Cost(Mode e n)=D+2, R(1) [0064] El represents an whole set of candidate prediction modes to
encode the image of this prediction unit. D represents difference energy (distortion) between a
decoded image and an input image in the event that encoding has been performed - 34 - in prediction

mode. R isgeneraigd Loderamosrbingluaitgherhogonal draasformecoaticiarta piediction mode
infoimation, and so forth, and X is a Lagrange multiplier given as a function of quantization parameter

QP. That @& treHigh- €onipléigilode pap tetheilngsléss Eateding provessingpisaentatively performed
for all candidat%‘:frediction modes as the processing of step ST42, and the cost function values
representé& Q)@ xpression (1) above are calculated for each prediction mode. [0065]

In step ST21l, the intra prediction unit 31 and motion
prediction/compensation unit 32 each performs predicticn
processing. That is to say, the intra prediction unit 31
performs intra prediction processing of the intra prediction
mode, and the motion prediction/compensation unit 32
performs motion prediction/compensation processing of the
inter prediction mode. The prediction processing is
described below with reference to Fig. 7, in which the
prediction processing with all candidate prediction modes is
each performed, and cost function values with all the
candidate prediction mode are each calculated by thisg
processing. Further, based on the calculated cost function
values, the optimal intra prediction mode and optimal inter
prediction mode are selected, and the prediction image and
the cost function and prediction mode information generated
in the selected prediction mode are supplied to prediction
image/optimal mode gelecting unit 33.

[0053]

In step 8722, the prediction image/optimal mode
selecting unit 33 selects the prediction image data. The
prediction image/optimal mode selecting unit 33 decides in

the optimal mode of which the encoding efficiency is best,



On the other hand, in the Low Complexity mode, generating of prediction images and generating of
header bits including difference motion vectors and prediction mode information and so forth, is
performed for all candidate prediction modes, and cost function values represented by the following
Expression (2) are calculated. Cost(Mode e 0) = D + QP2Quant(QP) ea Header _ Bit... (2) [0066]
represents the whole set of candidate prediction modes to encode the image of this prediction unit. D
represents difference energy (distortion) between a decoded image and an input image in the event
that encoding has been performed in predictior n¥dde: Header_Bit is a header bit for the prediction
mode, and QP2Quant is a function which is given as a function of quantization parameter QP. That is,
- 35 - in the Low Complexity Mode, the cost function value represented by Expression (2) above is
calculateghfosepchrpredictionsaedes wsigi generating obprashetioniemgerand header bits such as
motion vectors and prediction mode information and so forth, as the processing of step ST42. [0067]
In step ST4Z:dhe tritear pradlidtichlumingl Hetites the oplimal RirsooeBRHSA Fiede. UrHetintra prediction
unit 31 selects an intra prediction mode of which the cost function, value is the smallest based on the

cost functidir vamé%?:ca)rcﬁjIEfé_d%_ﬁ%te&g?@ﬁ?/ﬂ?cﬁti%%cmﬁgﬁ 1RE bpBfhI Fi2Sorediction mode.
coce] Ny he i preision psscess el Sen T35 i kb sl elrence

to the flowchart in Fi

efficiency is best from each of the hierxarchical levels
illustrated in Fig. 5 for example, the block size of
prediction untie in this coding unit, and which of intra
prediction and inter prediction to perform. Further, the
prediction image/optimal mode selecting unit 33 outputs the
prediction image data of the decided optimal mode to the
gsubtracting unit 13 and adding unit 23. This prediction
image data is used for the computation of step ST13 and ST18,
as described above.
{00541

In step ST23, the lossless encoding unit 16 performs
losgless encoding processing. The lossless encoding unit 16
performs lossless encoding on the guantization data output
from the guantization unit 15. That is, lossless encoding
such as variable length encceding or arithmetic encoding is
performed as to the guantization data to be made data
compression. Also, the lossless encoding unit 16 performs
logsless enceding of prediction mode information and the
like corregponding to the prediction image data selected in
step ST22, and lossless encoded data such as predicticon mode

information and the like is included in steam information



[0069] In step ST51, the motion prediction/compensation unit 32 performs motion detection
processing. The motion prediction/compensation unit 32 detects motion vectors and advances to step
5T52. [0070] In step ST52, the motion prediction/compensation unit 32 performs motion
compensation processing. The motion prediction/compensation unit 32 perfoims motion compensation
- 36 - using reference image data based on the motion vectors detected in step ST51, and generates
prediction image data. [0071] In step ST53, the motion prediction/compensation unit 32 performs
calculation of cost function values. The motion prédiction/compensation unit 32 calculates cost
function values as described above, using the input image data of the prediction image which is to be
encoded, and the prediction image data generated in step ST52 and so forth, and advances to step
ST54. [00F2he rathe motiqrepredictiongcohapenbation enit2iderides amaptingdinterprediction
mode. The motion prediction/compensation unit 32 performs the processing from step ST51 through
5T53 for &&dtfinter prediction mode. The motion prediction/compensation unit 32 distinguishes the
referenceﬂnlggéﬁ{here the cost function value calculated for each prediction mode is the smallest

OCK Si

value, the 8 ze of the coding unit, and the block size of the prediction unit in this coding unit, and

decodes the opt'gﬁagi@ge%g pyediction aode: Nofe thadyvith-deqisiopof the-moderwhgeethe cost function
is the smallest, the cost function value in a case of having perfolmed inter prediction in skip mode is
also usetbrocessing. The storage buffer 17 stores stream information

output from the lossless encoding unit 16. The stream

information stored in this storage buffer 17 is read out

appropriately and is transmitted to the decoding side over

the transmission path.

[ocose]

In step 8T25, the rate control unit 18 performs rate
control. The rate control unit 18 conirels, in the case of
storing stream information in the storage buffer 17, the
rate of the quantization operation of the gquantization unit
15 so that overflow or underflow does not occur in the
storage buffer 17.

[0057]

Next, prediction processing in step ST21 in Fig. 6 will
be described with reference to the flowchart in Fig. 7.
[0058]

In step S8T31, the intra prediction unit 31 performs
intra prediction processing.l The intra prediction unit 31
performs intra prediction on the image of the prediction
unit to be encoded, in all candidate intra prediction modes.

Note that, for the image data of the deccoded image referred



[0073] - 37 -  Also, in the event that the optimal inter prediction mode has been selected as the
optimal prediction mode at the prediction image/optimal mode selecting unit 33, the motion
prediction/compensation unit 32 generates prediction image data such that prediction image data of
the optimal inter prediction mode can be supplied to the subtracting unit 13 and the adding unit 23.
[0074] <3. Generating Operation of Identification Information and Difference Information based on
Quantization Parameters> In the above-described image encoding processing, the image
encoding device 10 sets quantization parameters tRatsuitable quantization is performed for each block
according to the complexity of the image. Also, the image encoding device 10 generates identification
information and difference information and includes these in the stream information, to improve
encoding efficiencirsithe puadizdtioriparaiveteiedséedin ihe gaaftsdiorgrotesdieg tstep ST15.
[0075] Next, description will be made regarding %?%neratin?zgf the identification information and

differenceSinforifatioh. Fhe PERIHREnt 185&ts FPqEaTiAHoR haraifietrS uSHgthE code
amount C%qticélégrr‘g%t %@L@%ﬁwn%{géﬁa'@ Mgggazﬁ%&@(wgiction processging,

intra prediction is performed in ail candidate intra
prediction modes, and a cost function value is calculated
for all candidate intra prediction modes. One intra
prediction mode of which the encoding efficiency is best is
then selected from all intra prediction modes, based on the
calculated cost function values.
[0059]

In step ST32, the motion prediction/compensation unit
32 performs inter prediction processing. The motion
prediction/compensation unit 32 performs inter prediction
processing of all candidate inter-prediction modes using
decoded image data after deblocking filter processing stored
in the frame memory 26. Due to this inter prediction
processing, prediction procesgsing is performed in all
candidate inter prediction meodes, and cost function values
are calculated for candidate inter prediction modes. One
inter prediction mode of which encoding efficiency is the
best 1s then selected from all inter prediction modes, based
on the calculated cost function values.
[0060]

The intra prediction processing in step ST31 in Fig. 7

will be described with reference to the f£lowchart in Fig. 8.



-38-[0076]  With the code amount control format stipulated with TM5 in MPEG2, the processing of
step 1 through step 3 is illustrated. [0077] In step 1, the amount of code to be allocated to each
picture within a GOP (Group of Pictures) is distributed to the pictures not encoded yet, including
pictures for allocation, based on an allocation bit amount R. This distribution is repeated in the order of
encoded pictures within the GOP. At this time, code amount allocation to each picture is performed
using the following two assumptions. [0078]  The first assumption is that the product of mean
quantized scale code and generated code amoung,aused at the time of encoding each picture, will be
constant for each picture type, unless the screen changes. [0079]  Accordingly, after encoding each
picture, parameters XI, Xp, and Xs (Global Complexity Measure) representing the complexity of the
screen arg gipglated by Expressions (3) through (5). The relation between the quantization scale code
and generated code amount can be estimated by these parameters.

In step 8T41, the intra prediction unit 31 performs

intra prediction of each prediction mode. The intra
prediction unit 31 generates prediction image data in each
intra prediction mode, using decoded image data before and
after blocking filter processing.

fooez2]

In step $T42, the intra prediction unit 31 calculates
cost function values in each prediction mode. Calculation
of cost function values is performed, as stipulated in JIM
(Joint Model) which is the reference goftware in the
H.264/AVC format, based on either technique of the High
Complexity mode or Low Complexity mode.

[0063] |

That is to say, in the High Complexity mode, up to the
lossless encoding processing is tentatively performed as to
all candidate prediction modes, and the cost function value
represented by the following Expression (1) are calculated
as to each prediction mode.

Cogt {Mode € Q)=D+i ¢ R ... (1)
[0064]

} represents an whole set of candidate prediction modes
to encode the image of this prediction unit. D represents
difference energy (distortion) between a deccded image and

an input image in the event that encoding has been performed



-39-XI=St'Q1... (3) Xp =Sp Qp...(4) XB =SB QB...(5) [0080] Here, SI, Sp, and SB, are generated
code bits at the time of picture encoding, and Q1, Qp, and QB, are mean quantization scale code at
the time of picture encoding. Also, initial values are values illustrated by the Expressions following (6),
(7), and (8), using bit_rate [bits/sec] which is the target code amount. Xl = 160 x bit_rate/115 ...(6) Xp
= 160 x bit_rate/115 ...(7) _

in prediction mode. R is generated code amocunt including
orthogonal transform coefficient, prediction mode
information, and so forth, and A is a Lagrange multiplier
given as a function of guantization parameter QP. That is,
in High Complexity Mode, up to the lossless encoding
processing is tentatively performed for all candidate
prediction modes as the processing of step ST42, and the
cost function values represented by Expression (1) above are
calculated for each prediction mode.

[0065]

On the other hand, in the Low Complexity mode,
generating of prediction images and generating of header
bits including difference motion vectors and prediction mode
information and gso forth, is performed for all candidate
prediction modes, and cost function values represented by
the following Expression (2) are calculated.

Cost (Mode € Q) = D + QP2Quant (QP) e Header _ Bit .o (2)
[0066]

)} represents the whole set of candidate prediction
modes to encode the image of this prediction unit. D
represents difference energy (distortion) between a decoded
image and an input image in the event that encoding has been
performed in prediction mode. Header Bit is a header bit
for the prediction mode, and QP2Quant is a function which is

given as a function of quantization parameter QP. That is,



XB = 160 x bit_rate/115 ...(8) [0081] The second assumption is that the overall image quality will
be constantly optimized when the ratios Kp and KB for quantization scale code of the P and B pictures,
with the quantization scale code of the | picture as a reference, are such as stipulated in Expression
(9). Kp=1.0; KB=1.4...(9) [0082] That is to say, the quantization scale code for B pictures is
constantly set to 1.4 times the quantization scale code for | and P pictures. This assumes that by
making the B pictures to be quantized somewhat coarser than - 40 - as compared with the | and P
pictures and thereby adding the code amount corserved with the B pictures to the | and P pictures, the
image quality of the | and P pictures will be improved, and also the image quality of the B pictures
referring to these will be improved. [0083]

in the Low Complexity Mode, the cost function value

represented by Expression (2) above is calculated for each
prediction mode, using generating of prediction image and
header bits such as motion vectors and prediction mode
information and so forth, as the processing of step ST42.
[0067]

In step ST43, the intra prediction unit 31 decides the
optimal intra prediction mode. The intra prediction unit 31
selects an intra prediction mode of which the cost function
value is the smallest based on the cost function values
calculated in step 8T42, which is decided to the optimal
intra prediction mode.

[c068]

Next, the inter prediction processing of step ST32 in
Fig. 7 will be described with reference to the flowchart in
Fig. 9.

[0069]

In step ST51, the motion prediction/compensation unit
32 performs motion detection processing. The motion
prediction/compensation unit 32 detects motion vectors and
advances to step ST52.

{0070]

In step 8T52, the motion prediction/compensation unit

32 performs motion compensation processing. The motion

prediction/compensation unit 32 performs motion compensation



According to the above two assumptions, the allocated code amounts (T1, Tp, TO as to each picture in
the GOP are the values indicated in the Expressions (10), (11), and (12). Note that picture_rate
indicates the number of pictures displayed per second in this sequence. [Math. 1] - 41 - bit_rate
NBKp)(13 8xpicture_rat KBX p

uging reference image data based on the motion vectors
detected in step ST51, and generates prediction image data.
[0C71]

In step 8753, the motion prediction/compensation unit
32 performs caiculation of cost function values. The motion
prediction/compensation unit 32 calculates cost function
values as described above, using the input image data of the
prediction image which is to be encoded, and the prediction
image data generated in step ST52 and so forth, and advances
to step STH4.
[00721

The motion prediction/compensation unit 32 decides an
cptimal inter prediction mode. The motion “
prediction/compensation unit 32 performs the processing from
step ST51 through ST53 for each inter prediction mode. The
motion prediction/compensation unit 32 distinguishes the
reference index where the cost function value calculated for
each prediction mode i1s the smallest value, the block size
of the coding unit, and the block size of the prediction
unit in this codihg unit, and decodes the optimal inter
prediction mode. Note that with decision of the mode where
the cost function is the smallest, the cost function value
in a case of having performed inter prediction in skip mode
is also used.

[C073]



{R. bitrate TB = rnax . Np.KBXp ' 8 x pi cture_rate NB+. . KpX.B [0084] Now, Np, NB are the
number of P and B pictures not encoded within the GOP. That is to say, of the pictures not encoded
within the GOP, with regard to pictures to which allocation is to be performed and those of different
picture types, estimation is made regarding how many times the generated code amount of the picture
for allocation the code amount generated by those pictures will be, under the above-described image
quality optimization conditions. Next, how many p?i)g?tur_es to be encoded worth of code amount the - 42

Also, in the event that the optimal inter prediction
mode has been selected as the optimal prediction mode at the
prediction image/optimal mode selecting unit 33, the motion
prediction/compensation unit 32 generates prediction image
data such that prediction image data of the optimal inter
prediction mode can be supplied to the subtracting unit 13
and the adding unit 23.

[0074]
<3. Generating Operation of Identification Information and
Difference Information based on Quantization Parameters>

In the above-described image encoding processing, the
image encoding device 10 sets guantization parameters that
guitable guantization is performed for each block according
to the complexity df the image. Also, the image encoding
device 10 generates identification information and
difference information and includes these in the stream
information, to improve encoding efficiency of the
quantization parameters used in the guantization processing
in step 8T15.

[0075]

Next, description will be made regarding generating of
the identification information and difference information.
The rate control unit 18 sets the quantization parameters
using the code amcount control format stipulated with TM5 in

MPEG2, for example.



estimated generated code amount which the entirety of unencoded pictures generates is equivalent to
is obtained. For example, NpXp/XIKp, which is the second term of the denominator of the first
argument in the expression relating to T/, expresses how many | pictures that the Np unencoded
pictures within the GOP are worth. Also, this is obtained by multiplying Np by a fraction Sp/Sl of the
generated code amount of the | picture as to the generated code amount of the P pictures, and
expressing by Xl, Xp, and X3 as described above. [0085]  The bit amount as to the pictures for
allocation is obtained by dividing the allocation tod& amount R as to unencoded pictures by the
number of pictures. Note that a lower limit is set to that value, however, taking into consideration the
overhead code amount for the header and so forth. [0086]  Based on the allocated code amount
thus obtaifed;7#he code amount R to be allocated to unencoded pictures within the GOP is updated by
expression (13) each time each picture is encoded following steps 1 and 2. R = R .-...(1%[30087] Also,
at the time of enfd&gtthé fifeGicmeerheconsrol format stipulated with

in MPEG2, the processing of step 1 through step 3 is
illustrated.
[0077]

In step 1, the amount of code to be allocated to each
picture within a GOP {(Group of Pictures) is distributed to
the pictures not encoded yet, including pictures for
allocation, based on an allocation bit amount R. This
distribution is repeated in the order of encoded pictures
within the GOP. At this time, code amount allocation to
each picture is performed using the following two
assumptionsg.

[0078]

The first assumption is that the product of mean
guantized scale code and generated code amount, used at the
time of encoding each picture, will be constant for each
picture type, unless the screen changes.

[0079]

Accordingly, after encoding each picture, parameters Xi,
Xp, and Xz (Global Complexity Measure) representing the
complexity of the screen are updated by Expressions (3)
through (5). The relation between the guantization scale
code and generated code amcunt can be estimated by these

parameters.



GOP, R is updated by the following Expression (14). [Math. 2] bit rate x N R-- (1 4) picture_rate
where N is the number of pictures within the GOP. Also, the initial value of R at the beginning of the
sequence is 0. [0088]  Next, description will be made regarding step 2. In step 2, a quantization
scale code for actually matching the allocation code amounts (TT, Tp, TB) as to each picture, obtained
in step 1, to the actual code amount, is obtained. The quantization scale code is obtained by feedback
control in macroblock increments for each picture type, based on the capacity of three types of virtual
buffers independently established. [0089] Firsg ®efore encoding of a j'th macroblock, the
occupation amounts of the virtual buffers are obtained by Expressions (15) through (17). [Math. 3]

X = 8¢ » Qr . ... (3}

Xp = Sp * Op e (4)

s = 5p * Op ... (5)
[0080]

Here, 8:, Sp, and 8z, are generated code bits at the
time of picture encoding, and Q:, O, and Qz, are mean
gquantization scale code at the time of picture encoding.
Also, initial values are valueg illustrated by the
Expiessions following {(6), (7), and {(8), using bit rate

[bitg/sec} which ig the target code amount.

X: = 160 x bit rate/115 ... ({6}

Xp = 160 x bit_rate/llS (T

Xg = 160 x bit rate/13i5 ... (8)
[0081}

The second assumption isg that the overall image guality
will be constantly optimized when the ratios Ky and Kz for
gquantization scale code of the P and B pictures, with the
guantization scale code of the I picture as a reference, are
such as stipulated in Expression (9).

Kp = 1.0; Kg = 1.4 ...(9)

[0082]

That is to say, the quantization scale code for B
pictures is constantly set to 1.4 times the guantization
scale code for I and P pictures. This assumes that by

making the B pictures to be quantized somewhat coarser than



-44 - [0090] dol, doP, and do's are the initial occupation amounts of the virtual buffers, Bj is the
generated bit amount from the head of the picture to the j'th macroblock, and MB"t is the number of
macroblocks within a single picture. [0091] The occupation amounts of the virtual buffers at the
time of ending encoding of each picture (dMBentif dMietritP, dM8cntE) are used as the initial values of
the virtual buffers occupation amount for the next picture (dj AP AB) | Lt01-40 for the same picture
type, respectively.

- 40 -
as compared with the I and P pictures and thereby adding the
code amount conserved with the B pictureg to the ¥ and P
pictures, the image quality of the I and P pictures will be
improved, and alsc the image quality of the B pictures
referring to these will be improved.
[0083]

Accoxrding to the above two assumptions, the allocated
code amounts (Ty, Ty, Tz) as to each picture in the GOP are
the values indicated in the Expressions (10}, (11), and {12}.
Note that picture rate indicates the number of pictures
displayed per second in this sequence.

[Math. 1]



[0092] Next, a reference quantization scale code Q3 for the j'th macroblock is calculated by
Expression (18). [Math. 4] di x31(1 8) - 45-[0093] ris a parameter controlling response speed of a
feedback group, called a reaction parameter, and is obtained by Expression (19). [Math. 5]

bitrate r=2x. -

- 41 -
i 3
To= muaxd R bit_rafe } o
1 | +'Npo N NeKg * $xpicture_rate 10
XK T XK
4 3
R ~ bit_rate
Te=maxs , o L L (1)
 NgKpXp * 8xpicture_rate
Np + B ——
KX J
R bit_rate
Tr=max- — , : . (12)
- NpKgXp * 8xpicture_rate
NB+“?'_'-__
§ KoXp ]
[0084]

Now, Np, Nz are the number of P and B pictures noct
encoded within the GOP. That i1s to say, of the pictures not
encoded within the GOP, with regard to pictures to which
allocation is to be performed and those of different picture
types, estimation is made regarding how many times the
generated code amount of the picture for allocation the code
amount generated by those pictures will be, under the above-
described image guality optimization conditions. Next, how

many pictures to be encoded worth of code amount the



picture_rate [0094] Note that the initial value of the virtual buffer at the beginning of the sequence is
obtained by Expression (20). [Math. 6] = Kp doi (160 = KB dol (2 0) [0095] Next, step 3 will be
described. Activity is obtained from Expressions (21) through (23) using luminance signal pixel values
of the original image, e.g., using a pixel values of a total of eight blocks of four 8 x 8 blocks in frame
DOT mode and four 8 x 8 blocks in field DOT encoding mode.

- 42 -

estimated generated code amcunt which the entirety of
unencoded pictures generates is equivalent to is obtained.
For example, NgXp/X:Kp, which is the second term of the
denominator of the first argument in the expression relating
to T:, expresses how many I pictures that the N unencoded
pictures within the GOP are worth. Also, this is obtained
by multiplying Np by a fraction Sz/S: of the generated code
amount of the I picture as to the generated code amocunt of
the P pictures, and expressing by ¥:, Xp, and Xz as described
above.

[coss]

The bit amount as to the pictures for allocation is
obtained by dividing the allocation code amount R as to
unencoded pictures by the number cof pictures. Note that a
lower limit is set to that value, however, taking into
congideration the overhead code amount for the header and so
forth.

[0086]

Rased on the allocated code amount thus obtained, the
code amount R to be allocated to unencoded pictures within
the GOP is updated by expression (13} each time each picture
is encoded following steps 1 and 2.

R=R - Srpz ...(13)

[oog7]

Also, at the time of encoding the first picture of the



[Math. 7] - 46 - acti=1 min var sblk) (2 1) Nbik=1,8 [0096]

- 43 -

GOP, R is updated by the following Expression (14).
[Math. 2}

bit_ratex N
Ro=—
picture_rate

-R ces (14

where N ig the number of pictures within the @OP. Alsoc,
the initial value of R at the beginning of the sequence is 0.
[oc88]

Next, description will be made regarding step 2. In
step 2, a guantization scale code for actually matching the
allocation code amounts (T:, Ts, Tﬁf as to each picture,
obtained in step 1, to the actual code amount, is obtained.
The guantization scale code is obtained by feedback control
in macroblock increments for each picture type, based on the
capacity of three types of virtual buffers independently
establishead.

[0089]

First, before encoding of a j'th macroblock, the
occupation amounts of the wvirtual buffers are obtained by
Expressions (15) through (17).

[Math. 3]



The var sblk in Expression (21) is the sum of squares of difference between the image data of each
pixel and the average value thereof, so the more complex the images of these 8 x 8 blocks are, the
greater the value is. Pk in Expressions (22) and (23) is in-block pixel values of luminance signals of the
original image. The reason that the minimal value (min) is assumed in Expression (22) is to make
guantization finer in the event that there is even a partially smooth portion within the 16 x 16
macroblock. Further, a noitualized activity Nact3 where the value thereof is within the range of 0.5 to 2
is obtained by Expression (24). [Math. 8] - 47 - [0%697]" avg_act is the average value of activity up
to the picture encoded immediately before. A quantization scale code mquantj which takes into
consideration visual properties is obtained by Expression (25) based on reference quantization scale

code Q. [Mc?fh._ Q]éqquanti = QL%Nact j~213) [0098]

! o TP T MBent e
- Ipx(g—-1)
P_ 4P Fp
P’ +B.~ 16
dj = dg +Bj MBent e
‘ Igx(j—1)
B_ 4B I's
) b M o L] - » 1 7
dj = dg + B MBent e

[0090]
det, dof, and d° are the initial occupation amounts of

the virtual buffers, B; i1s the generated bit amount from the

head of the picture to the j'th macroblock, and MBe: is the

number of macroblcocks within a single picture.

[0091]

The occupation amounts of the virtual buffers at the
time of ending encoding of each picture (AMBiu.', AMBep:',
AMB..:¥) are used as the initial wvalues of the virtual
buffers occupation amount for the next picture (do%, dof, d®)
for the same picture type, respectively.

[0052]

Next, a reference gquantization scale code Qs for the
j'th macroblock is calculated by Expression (18).

Math. 4]
(1i><:§1

‘ «« (18)
3 T



The rate control unit 18 outputs the quantization scale code mquantj calculated as described above as
a quantization parameter. Also, a quantization parameter is generated for the macroblock situated at
the slice boundary in the same way as with macroblocks situated at other than the slice boundary, with
the same technique. Note that quantization parameters are not restricted to cases of being decided
based on activity as described above, and may be decided such that the cost function value is smaller.
[0099] Note that with the description of the rate control method stipulated with TM5 in MPEG2
described above, a case where processing is perfpgmed in increments of macroblocks is described.
Accordingly, by performing similar processing in increments of blocks regarding which quantization -
48 - parameters can be switched, quantization parameters can be set for each of the blocks regarding
which quapiizatign parameters can be switched. [0100]  Next, description will be made regarding
generating operations of information used to improve encoding efficiency of quantization parameters.
The information geheratingaurine® takescencoded Quantizationsarasyeterd spatially or temporally
adjacent to the block to be encoded as selection candidates. The information generating unit 19 also
selects a ﬁ@@rﬂ%ﬁ%niﬁ%&?&ﬁet&qﬁ&rﬁ%%c’? B Cah R ST M e®Fdarfeeiwittt afelaiiizg&ton
parametegsetEas tlgetgg bloc e encoded, and takes this as a prediction quantization parameter.
The mforthlon enera ng u 9 further generates identification information for selecting a prediction
quantizatiog pagameter from selectlon candidates, and difference information indicating the difference
between the prediction quantization parameter and a quantization parameter set to the block to be
encoded. [0101 Fig. hits d‘&l%ram for describing operations of the information generating unit,
illustrating & fra Sg [an encoded fra?nf aﬁch is temporally closest in display order.
We will say that the g ﬁ‘ 0 —p ranieter

[0094]
Note that the initial wvalus of the virtual buffer at
the beginning of the sequence is obtained by Expression (20).

[Math. 6]

! rooLp I 4B g 4l o
domioxﬁ,dgml{pdﬁgdﬂ“i{gdo (20)

[0095]

Next, step73 will be described. Activity is cbtained
from Expressions (21) through (23) using lumlnance signal
pixel values of the original image, e.g., using a pixel
values of a total of eight blocks of four 8 x 8 blocks in
frame DCT mode and four 8 x 8 blockg in field DCT encoding
mode .

[Math. 7]



- 49 - of the block to be encoded in the frame to be encoded is, for example, "QP_QO". Also, we will say
that the quantization parameters of the block adjacent to the left is, for example, "QP_A". In the same
way, we will say that the quantization parameter of the blocks adjacent above, to the upper right, to the
upper left, and to the lower left are, for example, "QP_B", "QP_C", "QP_D", and "QP_E". Also, we will
say that the quantization parameters of the block temporally adjacent is "QP_T". Note that when
encoding the block to be encoded in the frame to be encoded, the quantization parameters "QP_A"
through "QP_E" and "QP_T" are stored in the quaHtization parameter memory unit 191. Also, we will
say that each block is the smallest increment block regarding which quantization parameters can be
changed. [0102]  The difference computing unit 192 takes quantization parameters of encoded
block adjacefisld e blodk td‘tﬁﬁw(d%f&ras%bézﬁbn candidates,(selects from the selection
candidates the quantlzatlon‘ﬁ’ﬁﬁrﬁé?er of which the difference as to the quantization parameter set to
the block to be encoded is the smallest, and takes this as a prediction quantization parameter. The
difference computing unit 192 generates identification information for selecting the prediction
parameter from the selection cg{r:dld%ges and dlfference information indicating the difference between

the - 50 - (%%t Wt_za Tgtpfka.mqﬂyquantlzamn Ragameter of the block to be

encoded. [0

e P vove {2
P i _E= , k 2 3)

[0096]

The var sblk in Expression {(21) is the sum of squares
of difference between the image data of each pixel and the
average value thereof, so the more complex the images of
these 8 x 8 blocks are, the greater the value is. Py in
Expressions (22) and (23) is in-block pixel wvalues of
luminance signals of the original image. The reason that
the minimal value (min) ig assumed in Expression (22) is to
make quantization finer in the event that there is even a
partially smocth portion within the i6 x 16 macroblock.
Further, a normalized activity Nicey where the value thereof
is within the range cf 0.5 to 2 is obtained by Expression
(24) .

[Math. 8}
2 xact,+avg_act

Nact; = : e (2 4)
act;+2xavg_act




Fig. 11 is a diagram illustrating an operation example of the information generating unit. Note that
cases where no quantization parameter is set to a block due to being a skip block or with no residual
information are indicated by a [0104]  With the block to be encoded as block BKO, the quantization
parameters of the encoded blocks are "QPA = 32", "QP_B = 40", "QP_C =40", "QP_D = 35", "QP_E =
-",and "QP_T = 31". Here, the information generating unit 19 excludes blocks where no quantization
parameter is set to a block due to being a skip block or a block with no residual information, and blocks
where quantization parameters are redundant, front candidates. Accordingly, the selection candidates
are the encoded blocks of the quantization parameters "QP_A = 32", "QP_B = 40", "QP_D = 35", and
"QP_T 31". Also, the information generating unit 19 sets identification information, index Nos. for
example, 1@ theyselection candidates beforehand. The identification information may be set to adjacent
encoded blocks alone, or may be set to the quantization parameters of the adjacent encoded blocks. -
51-[0105] Imihe event 0f setingadentifivativa infermdtiartoladjaventrercodeddlocks, the
information generating unit 19 sets index numbers in order of array with the adjacent encoded blocks

in a predR&MEiRES GFESCSTe ray MigelB BBt rRfic Srderfor Sy bis 2 ERBmPRE Hh order of array

where one of an encoded block adjacent to.the left si n.encoded block adjacent above, and an
encodot SRk 1SRBArAny Aetnt ot oy AT T S naMof Soherating Uit 19 may be

capable %ﬁ%ﬁ@@@géae pedenafarmays Intheayent ©f Deingcapable ek switehing the-erdes of array,
infomation indicating what sort of order of array is included in the stream information. Also, the lossless
encoding gn#ritiamd idernwmatbegenatatifg unit 19 perform settings and lossless encoding of the
identification information such that there is less code amount when encoding the identification
informatiod'6fthe bfdck given priority.

mquant; = Q; x Nact, c e (25)

[0098]

The rate control unit 18 outputs the guantization scale
code mguant; calculated as described above as a quantization
parametfer. Also, a quantization parameter is generated for
the macroblock situated at the slice boundary in the same
way as with macroblocks situated at other than the slice
boundary, with the same technigue. Note that quantization
parameters are not restricted to cases of being decided
based on activity as described above, and may be decided
such that the cost function value is smaller.

[0029]

Note that with the description of the rate control
method stipulated with TM5 in MPEG2 described above, a case
where processing is performed in increments of macroblocks
is described. Accordingly, by performing similar processing

in increments of blocks regarding which quantizaticn



[0106] The difference computing unit 192 selects a candidate from the selection candidates where
the difference as to the quantization parameter of the block to be encoded is smallest, and uses the
identification information set to the selected candidate, thereby generating identification information for
selecting a prediction quantization - 52 - parameter from the selection candidates. Also, the difference
computing unit 192 generates difference information indicating the difference between the prediction
guantization parameters which is the selected candidate quantization parameter, and the quantization
parameter of the block to be encoded. For exampia, in the event of giving priority to the encoded block
adjacent to the left side in Fig. 11, the information generating unit 19 sets "0 (index No.): block of
QP_A", "1: block of QP_B", "2: block of QP_B", and "3: block of QP_T". Also, if we way that the

quantizatign-parametey ofdhe Blocktohenprcodegks 3350t examplesdae differeaee semputing unit

192 sets the index No. of the block where the difference as to the quantization parameter of the block
to be enceded Btheesmdllest, tohdertfication ifgamatiory”Otindax NoagtitAlge therdifference
computing unit 192 generates difference information "1 (= 33 -32)" indicating the difference between
the predidtRRAREFHE &tiGITPakfn st BRBRe quantization parameter of the block to be encoded.
[0107] ag,g ting identification information to blocks to be encoded in this way, the encoding
efficiency % guantization parameters can be improved. For example, if the block at the left side is

given priority angdhe blogkordepisiqiankzation paraneters @PsAng QR ra@Png", "QP_D", - 53 -
"QP_E", "QP_T", data amount will be small with images where there are more blocks to be encoded
that are sipitarde theximadge ohtherleck torthesleft side. Adgo;afthedhiocidabgve is given priority and
the block order is quantization

efficiency of quantization parameters. The information

generating unit 19 takes encoded gquantization parameters

spatially or temporally adjacent to the block to be encoded

as selection candidates. The information generating unit 19

also selects é quantization parameter from selection

candidates in accordance with a guantization parameter set

as to the block te be encoded, and takes this as a

prediction guantization parameter. The information

generating unit 19 further generates identification

information for selecting a prediction guantization

parameter from selection candidates, and difference

information indicating the difference between the prediction

quantization parameter and a quantization parameter set to

the block to ke encoded.

[0101}

Fig. 10 is a diagram for describing operations of the
information generating unit, illustrating a frame to be

encoded, and an encoded frame which is temporally closest in

display order. We will say that the guantization parameter



parameters "QP_B", "QP_A", "QP_C", "QP_D", "QP_E", "QP_T", data amount will be small with
images where there are more blocks to be encoded that are similar to the image of the block above.
Further, if the block temporally adjacent is given priority and the block order is quantization parameters
"QP_T", "QP_A","QP B", "QP C", "QP p", "QP E", data amount will be small with images where there
are more blocks to be encoded that are similar to the image temporally adjacent, i.e., more still
subjects. [0108] In a case of setting identification infoLmation as to quantization parameters of
adjacent encoded blocks, the information generatirfy unit 19 sets index Nos. with the adjacent
encoded blocks in a predetermined order of array. For example, the information generating unit 19
sets index Nos. in order of quantization parameters with small parameter values. That is to say, in the
case of Figf 1t hthebhferinationlge neratingednit £9 skts indexdoso sbeh ascodimdex No.): 32
(quantization parameter)”, "1:400, "2:35", "3:31". [0109] - 54 -

for example, "QP 0". Also, we will say that the

guantization parameters of the block adjacent to the left is,

for example, "QP A". 1In the same way, we will say that the

guantization parameter of the blocks adjacent above, to the

upper right, to the upper left, and to the lower left are,

for example, "QP B", "QP C", "QP D", and "QP E". Also, we

will say that the guantization parameters of the block

temporally adjacent is "QP T". Note that when encoding the

block to be encoded in the frame to be encoded, the

guantization parameters "QP_A" through "QP E" and "QP T" are

stored in the guantization parameter memory unit 191. Also,

we will say that each block ig the smalilest increment block

regarding which quantization parameters can be changed.

[0102]

The difference computing unit 192 takes quantization

parameters of encoded block adjacent to the block to bhe

encoded as selection candidates, selects from the selection

candidates the guantization parameter of which the

difference as to the guantization parameter set to the block

to be encoded ig the smallest, and takesg this as a

prediction quantization parameter. The difference computing

unit 192 generates identification information for selecting

the prediction parameter from the selection candidates, and

difference information indicating the difference between the



The difference computing unit 192 selects a candidate from the selection candidates where the
difference as to the quantization parameter of the block to be encoded is smallest, and uses the
identification information set to the selected candidate, thereby generating identification infomation for
selecting a prediction quantization parameter from the selection candidates. Also, the difference
computing unit 192 generates difference information indicating the difference between the prediction
guantization parameter and the quantization parameter of the block to be encoded. For example, if we
say that the quantization parameter of the block t@ be-encoded is "33", the difference computing unit
192 generates difference information "1 (= 33 -32)" as identification information. [0110]  Also, in the
event that there are not selection candidates, the difference computing unit 192 generates difference

informatigsrigdicating theydiierancecheiwesmibpaantizaiionparameiart $kcaQBY of the initial value
in the slice and the set quantization parameter. [0111] Fig. 12 is a flowchart illustrating processing

regardingreucaticagan pardreters.imeéncodines IeRter8%61, the image encoding device 10 generates
information for obtaining a quantization parameters unit minimum size - 55 - (MinQpUnitSize). The
quantizatiéﬂjp%}&meters unit minimum size is the smallest size where quantization parameters can be

adapﬂdesmmng§%IO}}2£s a diagram illustrating an operation example
of the information generating unit. Note that cases where
no guantization parameter is set to a block due to being a
skip block or with no residual information are indicated by
a "-",
[01l04]

With the block to be encoded as block BKO, the
gquantization parameters of the encoded blocks are "QP A =
32", "QP B = 407", *QP C = 40", "QP D = 35", "QP E = -", and
"QP T = 31". Here, the information generating unit 19
excludes blocks where no guantization parameter is set to a
block due to being a skip block or a block with no residual
information, and blockg where quantization parameters are
redundant, from candidates. Accordingly, the selection
candidates are the encoded blocks of the guantization
parameters "“QP A = 32", "QP B = 40", "QFP D = 357, and "QP T
= 31". Also, the information generating unit 19 sets
identification information, index Nos. for example, to the
selection candidates beforehand. The identification
information may be set to adjacent encoded'blocks alone, or
may be set to the quantization parameters of the adjacent

encoded blocks.



The image encoding g device 10 uses, as information for obtaining the quantization parameters unit
minimum size (MinQpUnitSize), difference as to a transform unit minimum size
(MinTransformUnitSize), for example. [0113]  The quantization parameters unit minimum size
(MinQpUnitSize) is deteimined by Expression (26). MinQpUnitSize =
1<c(log2_min_transform_unit_size_minus2 + log2_min_qgp_unit_size_offset + 2)...(26)  Note that
"log2_min_transfolm_unit_size_minus2" is a parameter for deciding the transform unit minimum size
(MinTransformUnitSize). [0114] The transfornt &init minimum size (MinTransformUnitSize) is
decided by Expression (27). MinTransfoimUnitSize = 1<c(log2_min_transform_unit_size_minus2 +
2) ...(27)

[0105]

In the event of setting identification information to

adjacent encoded blocks, the information generating unit 19

sets index numbers in order of array with the adjacent

encoded blocks in a predetermined order of array. The

predetermined order of array is, for example, an order of

array where one of an encoded block adjacent to the left

side, an encoded block adjacent above, and an encoded block

temporally adjacent, is given priority. Also, the

information generating unit 19 wmay be capable of switching

the order of array. In the event of being capable of

switching the order of array, information indicating what

sort of order of array is included in the stream information.

Also, the losgsless encoding unit 16 and information

generating unit 19 perform settings and lossless encoding of

the identification information such that there is less code

amount when encoding the identification information of the

block given priority.

[0106]

The difference computing unit 192 selects a candidate

from the selection candidates where the difference as to the

gquantization parameter of the block toc be encoded is

smallest, and uses the identification information set to the

selected candidate, thereby generating identification

information for selecting a prediction guantization



[0115] The difference between the quantization parameter unit minimum size (MinQpUnitSize) and
the transform unit minimum - 56 - size (MinTransformUnitSize) is, as can be clearly understood from
Expressions (26) and (27), is equivalent to "log2_min_qgp_unit_size offset". Note that quantization
parameters are used in increments of transform units (TU). That is to say, a quantization parameter is
unchanged within a transform unit. [0116]  Also, the quantization parameter unit minimum size
(MinQpUnitSize) may be decided in accordance with coding unit size. In this case, the image encoding
unit 10 uses, for example, information stipulating tiye minimum size of the coding unit CU
(log2_min_coding_block_size_minus3), and maximum size of the coding unit CU
(log2_diff_max_min_coding_block_size). Note that the maximum size of the coding unit CU

"log2MaxCLisizeniis asdiusirated inExaression (@8hdeg2MaxCusizes, the
log2_min_coding_block_size_minus 3 + 3 + log2_diff_max_min_coding_block_size ...(28) [0117]
The logardlimit=vaine of thenguaitization jparameteramitmimgmuhi size flog2®inQpUnitSize) is decided
by Expression (29). log2MinQpUnitSize = log2_min_coding_block_size_minus 3
information indicating the difference between the prediction
guantization parameters which is the selected candidate
guantization parameter, and the quantization parameter of
the block to be encoded. For example, in the event of
giving priority to the encoded block adjacent to the left
gide in Fig. 11, the information generating unit 192 sets "0
(index No.): block of QP A", "i: block of QP _B", "2: block
of oP B", and "3: block of QP T". Also, if we way that the
gquantization parameter of the block to be encoded is "33"
for example, the difference computing unit 132 sets the
index No. of the block where the difference as to the
guantization parameter of the block to be encoded is the
smallest, to identification information "0 {(index No.)"
Also, the difference computing unit 192 generates difference
information "1 (= 33 -32)7" indicating the difference between
the prediction guantization parameter and the quantization
parameteﬁ of the block to be encoded.
[c107]

By setting identification information to blocks to be
encoded in this way, the encoding efficiency of guantization
parameters can be improved. For example, if the block at
the left side is given priority and the block order is

quantization parameters "QP_ A", "QP B", "QP C", "QP_D",



+3 + log2_diff_max_min_coding_block_size - 57 - - log2_min_gp_unit_size_offset...(29) [0118]
Accordingly, setting "log2_min_qgp_unit_size_offset" so as to be greater makes the quantization
parameter unit minimum size smaller. For example, in a case where the smallest size of a coding unit
CU is "8 x 8" and the greatest size is "64 x 64, setting "log2_min_qgp_unit_size_offset" to "1" makes the
guantization parameter unit minimum size to be "32 x 32". Also, setting
"log2_min_qgp_unit_size_offset" to 112" makes the quantization parameter unit minimum size to be "16
x 16". [0119] In step 3T62, the image encoding flevice 10 performs processing of including the
generated information in the stream information. The image encoding device 10 includes
"log2_min_qgp_unit_size_offset", and "log2_min_qgp_unit_size_offset" which is a parameter to decide

the transfc.)r@g, upit ’min'@yr@.squig\gngémgﬁgnwgﬁiz_gé ig&mitr%@ﬂn%@gggn Mg{équdvances to

step ST63. Al30, in the event of deciding the quantization parameter unit minimum size in accordance
with the cetiagainitrsizesdlag 2> iakeoding Heloek it dNiBHSS ', are similar to the
"log2_diff_max_min_coding_block_size", and "log2_min_gp_unit_size offset" are included in the
stream infohaggo® ITHandgeoehcdding device o iptleles théso, if the block

above is given priority and the block order is guantization
parameters "QP B", "QP A", "QP C", "QP D", "QP E", QP T,
data amount will be small with images where there are more
blocks to be encoded that are similar to the image of the
block abkove. Further, if the block temporally adjacent is
given priority and the block order is quantization
parameters "QP T", "QP_A", "QP_B", "QP C", "QP D", "QP E",
data amount will be small with images where there are more
blocks to be encoded that are similar to the image
temporally adjacent, i.e., more still subjects.

{o1l08]

In a case of setting identification information as to
guantization parameters of adjacent encocded blocks, the
information generating unit 19 sets index Nos. with the
adjacent encoded blocks in a predetermined order of array.
For example, the information generating unit 19 sets index
Nos. in ordexr of guantization parameters with small
parameter values. That is tc say, in the case of Fig. 11,
the information generating unit 19 sets index Nos. such as
"0 (index No.): 32 (guantization parametexr)", "1:40%, ¥2:35",
"3:31.

[0109]



- 58 - generated information in a sequence parameter set (SPS: sequence parameter set) defined as a
syntax of RBSP (raw byte sequence payload), for example. Note that Fig. 13 exemplarily illustrates a
sequence parameter set. [0120] In step ST63, the image encoding device 10 determines whether
or not a frame to encode exists. In the event that a frame to encode exists, the image encoding device
10 advances to step ST 64 and performs frame encoding processing illustrated in Fig. 14, and if this
does not exist, ends encoding processing. [0121] In the frame encoding processing in Fig. 14, in
step ST71 the image encoding device 10 determif&s Whether or not a slice to encode exists. In the
event that a slice to encode exists, the image encoding device 10 advances to step ST72, and if this
does not exist, ends the encoding processing of the frame. [0122] In step ST72, the image
encoding device' 1€ dééifes tragaartrRiohipt aiieidrsiol 2he shactosercotndhéairaige encoding
device 10 deC|de§?1the C%L:JL ntization garameter of the initial v%lue in %he size so as to be g target code

amount, and Bdvaktet to Step Sr3andicates where ference as to

guantization parameter of the block to be encoded is
gmallegt, and uses the identification information set to the
selected candidate, thereby generating identification
information for selecting a prediction quantization
parameter from the selection candidates. Alsc, the
difference computing unit 192 generates difference
information indicating the difference between the prediction
guantization parameter and the guantization parameter of the
block to be encoded. For example, if we say that the
quantization parameter of the block to be encoded is "33°%,
the difference computing unit 192 generates difference
information "1 (= 33 -32)" as identification information.
[0110]

Also, in the event that there are not selection
candidates, the difference computing unit 192 generates
difference information indicating the difference between the
guantization parameter SiiceQPY of the initial value in the
slice and the set guantization parameter.

[0111]

Fig. 12 is a flowchart illustrating processing
regarding quantization parameters in encoding. In step STé1,
the image encoding device 10 generates information for

obtaining a guantization parameters unit minimum size



[0123] -59 - Instep ST73, the image encoding device 10 calculates "slice_gp_delta". The
guantization parameter SliceQPY of the initial value in the slice has the relation illustrated in
Expression (30), with "pic_init_gp_minus26" being set by the user or the like beforehand. Accordingly,
the image encoding device 10 calculates "slice_qp_delta" so as to be the quantization parameter
decided in step ST72, and advances to step ST74. SliceQPY = 26 + pic_init_gp_minus26 +
slice_gp_delta ...(30) [0124] In step ST74 the image encoding device 10 includes "slice_qp_delta"
and "pic_init_gp_minus26" in the stream informatiggn. The image encoding device 10 includes the
calculated "slice_gp_delta" in the header slice, for example, of the stream information. Also, the image
encoding device 10 includes the "pic_init_gp_minus26" that has been set, in the picture parameter set,

for example,;Qfdhe,sireamyinformation. By thus includingdhe salice. op_delta andh i mum

"pic_init_gp_minus26" in the stream information, the image decoding device which performs decoding
of the stream infernatien eamtalenlate theequantizationpardmetel Slice@Fmet thesinitiahvalue in the
slice by performing the computation of Expression (30). Note that Fig. 15 exemplarily illustrates a
sequencelSarafrReriseE L an@ wig-ched -

[0112]

The image encoding g device 10 uses, as information for
obtaining the guantization parameters unit minimum size
(MinQpUnitSize), difference as to a transform unit minimum
gize (MinTransformUnitSize}, for example.
fol113]

"The quantization parameters unit minimum size
(MinQpUnitSize) isg determined by Expression (26).

MinQpUnitSize = l<<(log2 min transform unit size minus2

+ log2 min gp unit size offset + 2) ... (286)

Note that “logz_min_transform_unitﬂsizewminﬁsz“ is a
parameter for deciding the transform unit minimum size
{MinTransformUnitsSize) .

[0114]

The transform unit minimum size (MinTransformUnitSize)
is decided by Expression (27).

MinTransformUnitSize =
l<<(log2 min transform unit_size minus2

+ 2) ...4{27)
[0115]
The difference between the quantization parameter unit

minimum size (MinQpUnitSize) and the transform unit minimum



16 a slice header. [0125] In step ST75, the image encoding device 10 performs slice encoding
processing. Fig. 17 is a flowchart illustrating performs slice encoding processing. [0126]  In step
ST81 of Fig. 17, the image encoding device 10 determines whether or not a coding unit CU to encode
exists. In the event that a coding unit regarding which encoding processing has not been performed
yet exists in the slice to be encoded, the image encoding device 10 advances to step ST82. Also, in
the event that encoding processing of all coding units in the slice has been completed, the image
encoding device 10 ends the slice encoding precessing. [0127]  In step ST82, the image encoding
device 10 determines whether or not a transform unit TU exists in the coding unit CU to be encoded. In
the event that a transform unit exists, the image encoding device 10 advances to step ST83, and in the

event thata fransferAryaik deeshohexist adyanees tosstep:S T . Fpegxampledr tha-event that all
coefficients to be quantized using a quantization parameter are "011, or in a case of a skip block, the

flow advafices tEstepeSE80r{0128F) and (27), is eguivalent to
"log2 min gp unit size offset™. Note that guantization
parameters are used in increments of transform units (TU).
That is to say, a quantization parameter is unchanged within
a transform unit.
[011¢]

Also, the quantization parameter unit minimum size
(MinQpUnitSize) may be decided in accordance with coding
unit gize. In this case, the image encoding unit 10 uses,
for example, information stipulating the minimum size of the
coding unit CU (log2 min coding block size minus3), and
maximum size of the coding unit CU
{log2 diff max min coding block_size). Note that the
maximum size of the coding unit CU "log2MaxCUSize" is as
illustrated in Expression (28).

log2MaxCUSize = log2 min coding block size minus 3 + 3

+ log2 diff max min_coding_block size ... {(28)
[0117]

The logarithmic value of the guantization parameter
unit minimum size (logZMinQpUnitSize) is decided by
Expression (29).

log2MingpUnitSize = log2 _min coding block size minus 3

+ log2 diff max min_coding_block_size



In step ST83, the image encoding device 10 decides the - 61 - quantization parameter of the coding
unit CU to be encoded. The rate control unit 18 of the image encoding device 10 decides the
guantization parameter in accordance with the complexity of the image of the coding unit as described
above, or such that the cost function value is small, and advances to step ST84. [0129] In step
ST84, the image encoding device 10 sets identification information to the selection candidates. The
information generating unit 19 of the image encoding device 10 takes quantization parameters of
encoded codings spatially or temporally periphéraﬁ fothe coding unit to be encoded, as selection
candidates. Also, in the event that no quantization parameters are set to the block due to being a skip
block or having no residual information, or in the event that a quantization parameter is equal to
another candidate, the informatiéPgembrBufE uHit 19 sxchficeth&&E from seldéfon candidates. The
image eni%qigg fevice 10 sets identification information, e.g., index (ref_qp_block index) to the
selection dates, and advances to step ST85. [0130] In step ST85, the image encoding device

10 generates idgntificaiiondnfermatien ang difiergaceinformation: d he:inforpatiga genggating unit 19
of the image encoding device
as to be greater makes the guantization parameter unit
minimum size smaller. For example, in a case where the
smallest size of a coding unit CU is "8 x 8" and the
greatest size 1s "64 x 64", setting
"log2 min gp unit_size offset" to "1" makes the quantization
parameter unit minimum size to be "32 x 32%. Aiso, getting
"log2 min gp unit size offset” to "2" makes the gquantization
parameter unit minimum size to be "16 x 16",
[c118]

In step ST62, the image encoding device 10 performs
processing of including the generated information in the
stream information. The image encoding device 10 includes
"log2 min gp unit size offset”, and
"log2 min gp unit size offset" which is a parameter to
decide the transform unit minimum size
(MinTransformUnitSize), in the stream information, and
advances to step 8T63. Also, in the event of deciding the
guantization parametfer unit minimum size in accordance with
the coding unit size, "log2 min ceding block size minus3",
"log2 diff max min coding block_size", and
"log2 min gp unit size offset" are included in the stream

information. The image encoding device 10 includes the



- 62 - 10 selects from the selection candidates a candidate where the difference as to the quantization
parameter of the coding unit to be encoded is smallest, and takes this as a prediction quantization
parameter. The information generating unit 19 generates identification information by using the index
(ref_qgp_block_index) of the selected candidate as identification information for selecting the prediction
guantization parameter from the selection candidates. Also, the information generating unit 19 takes
the difference (gb_qgp_delta) between the prediction quantization parameter and the quantization
parameter of the coding unit to be encoded, as_difgrence information, and advances to step ST86.
Now, with the prediction quantization parameter indicated by the index (ref_gp_block_index) of the
determined candidate as "ref_gp(ref_gp_block_index)", the quantization parameter of the coding unit

to be enc%%?%ﬁl&fé%”@f@o%b&? e rﬁ'agog Bé%@&aﬁgfar@@é%s%%% (3dgpEurrentQP =
gb_qgp_defta + ref_qgp(ref_gp_block_index) ...(31) T0131] In step ST86, the image encoding device

10 includes-the-deantificationdntoyatien ana@lﬂie{@acamfarr@@&mhm the stream infermation. The
lossless encoding unit 16 of the image encoding device 10 performs lossless encoding of the - 63 -

identificatkitiaforgrationehdodiffé e informatargeheratedeit ehé Ivfsrnifatibn génerating unit 19,

includes in the stream_information, and advances to step ST87.
exemplarily illustrates a sequence parameter set.

{0120]

In step ST63, the image encoding device 10 determines
whether or not a frame to encode exists. In the event that
a frame to encode existg, the image encoding device 10
advances to cstep 8T 64 and performs frame encoding
procesging illustrated in Fig. 14, and if this does not
exist, ends encoding processing.

[c121]

In the frame encoding processing in Fig. 14, in step
ST71 the image encoding device 10 determines whether or not
a glice to encode exists. In the event that a slice to
encode exists, the image encoding device 10 advances to step
8T72, and if this does not exist, ends the encoding
processing of the frame.

[o122]

In step S8T72, the image encoding device 10 decides the
guantization parameters of the slice to encede. The image
encoding device 10 decides the quantization parameter of the
initial value in the size so ag to be a target code amount,
and advances to step ST73.

[0123]



[0132] In step 5T87 the image encoding device 10 uses the decided quantization parameter to
perform quantization of the coding unit with the quantization unit 15, and returns to step ST81. [0133]
Thus, the image encoding device 10 selects, from quantization parameters of encoded blocks spatially
or temporally adjacent to a block to be encoded, a candidate where the difference as to the
guantization parameter of the block to be encoded is the smallest, as a prediction quantization
parameter. Also, the image encoding device 10 generates identification information corresponding to
the selected quantization parameter. Further, the fgage encoding device 10 generates difference
information indicating difference between the prediction quantization parameter and the quantization
parameter of the block to be encoded. The image encoding device 10 includes the generated

identification infqmag_i{g@ﬁa@df%fgre&gg i%g%fécaéiﬁg5@§H§a@égfpég1aii8%yi%ﬂr&esa candidate

where the difference is the smallest is selectéd as the prediction quantization parameter, the difference
- 64 - betwearn the predicdivaguantizadiorparaeter fnd the surantizatio parapreteaf the block to be
encoded can be prevented from becoming a great value. Accordingly, the image encoding device 10
can improveghé ehtddihg eificiencyrofdnsartizatien pararhbters. 0234, Configiuratiorrof Image
Decoding Device>  Next, an image decoding device which performs decoding processing of stream

informatithbLﬁﬁ_@lrf?c'ﬁ_ﬁ R i{ﬁé@é en‘ﬁb&ﬁg“&ﬁﬁc@%ﬁ%@&eﬁfbﬁﬁ? %elﬁ?\%ﬁge& %E‘_elé??ﬁ generated
L meocianes Beces sppledlo e uage esadi dedge R B disgne
encoding device 10 calculates "slice_gp_delta" so as to be
the quantization parameter decided in step ST72, and
advances to step ST74.
SliceQPY = 26 + pic init gp minus26 + slice gp delta
... {30)
[0124]

In step ST74 the image encoding device 10 includes
"slice gp delta” and "pic_init gp minus26" in the stream
information. The image encoding device 10 includesg the
calculated "slice gp delta" in the header slice, for example,
of the sgtream information. Also, the image encoding device
10 includes the "pic init gp minus26" that has been set, in
the picture parameter set, for example, of the stream
information. By thus including the "slice gp delta" and
"pic init gp minus26” in the stream information, the image
decoding device which performs decoding of the stream
information can calculate the guantization parameter
S$1iceQPY of the initial wvalue in the slice by performing the
computation of Expression (30). Note that Fig. 15

exemplarily illustrates a sequence parameter set, and Fig.



[0135] Fig. 18 shows a configuration for an image decoding device which performs decoding
processing of stream information. The image decoding device SO includes a storage buffer 51, a
lossless decoding unit 52, an inverse quantization unit 53, an inverse orthogonal transform unit 54, an
adding unit 55, a deblocking filter 56, a screen rearranging buffer 57, and a digital/analog converting
unit (D/A converting unit) 58. Furthermore, the image decoding device 50 includes a quantization
parameter calculating unit 59, frame memory 61, an intra prediction unit 71, a motion compensation
unit 72, an a selector 73. - 65-[0136] The sto gge“ buffer 51 stores the stream information which
has been transmitted. The lossless decoding unit 52 decodes the stream information supplied from the
storage buffer 51 by a format corresponding to the encoding format of the lossless encoding unit 16 in
Fig. 3. [0E37) Fhelessie §€8EESding unit 52 operates as an information obtaining unit and obtains
various ty%(zﬁ % information from the stream information. For example, the lossless decoding unit 52
outputs prediction mode information obtained by decoding the stream information to the intra

prediction unit 74 ang-mgtian ¢9Mpensatign yBit I3 Alson theslossless decgdingnifd2 outputs
difference

siice encoding processing. Fig. 17 is a flowchart

illustrating performs slice encoding processing.

[0126]

In step 8T81 of Fig. 17, the image encoding device 10
determines whether or not a coding unit CU to encode exists.
In the event that a coding unit regarding which encoding
processing has not been performed yet exists in the slice to
be encoded, the image encoding device 10 advances to step
8T82. Also, in the event that encoding processing of all
coding units in the slice has been completed, the image
encoding device 10 ends the slice encoding processing.

[0127]

In step ST82, the image encoding device 10 determines
whether or not a transform unit TU exists in the coding unit
CU to be encoded. In the event that a transform unit exists,
the image encoding device 10 advances to step ST83, and in
the event that a Lransform unit does not exist, advances to
step ST87. For example, in the event that all coefficients
to be guantized using a quantization parameter are "0", or
in a case of a skip block, the flow advances to step ST87.

[0128]

In step ST83, the image encoding device 10 decides the



motion vectors, threshold values, or threshold value generating information, obtained by decoding the
stream information, to the motion compensation unit 72. Also, the lossless decoding unit 52 outputs
information related to quantization parameters obtained by decoding the stream information, e.g.,
difference information and the like, to the quantization parameter calculating unit 59. Further, the
lossless decoding unit 52 outputs the quantization data obtained by decoding the stream information to
the inverse quantization unit 53. [0138] - 66 - The inverse quantization unit 53 performs inverse
guantization on the quantization data decoded at gie lossless decoding unit 52 with the format
corresponding to the quantization format of the quantization unit 15 in Fig. 3. The inverse orthogonal
transform unit 54 performs inverse orthogonal transform on the output of the inverse quantization unit

53 with th%JQHE%%QIE%%POﬁBJQ%@éQE orthogppaliansigrm farmakef the gahagonaldiansform unit
14 in Fig. 3 and outputs to the adding unit SS. [0139] he adding unit 55 adds the data after

inverse ortieganat &anstoridd pradiction image data supplieshfrerm the sateetare/ 3, ¢o generate
decoded image data and outputs to the deblocking filter 56 and intra prediction unit 71. [0140] The
deblockinggitef 66 performsditeiing prote MRS fethelde@dedimrigesdata sbpplied from the

adding unit 55, removes block distortion and then supplies to and stores at the frame memory 61, and
outputs to tREESCTEert Yedtariifty bUEFs P {0 1#T) ddafng’ ani e 4 “described

above, or such that the cogt function value is gsmall, and
advances to step 5ST84.
[0129]

In step 8T84, the image encoding device 10 sets
identification infeormation to the selection candidates. The
information generating unit 19 of the image encoding device
10 takes guantization parameters of encoded codings
spatially or temporally peripheral to the coding unit to be
encoded, ag selection candidates. Also, in the évent that
no guantization parameters are set to the block due to being
a skip block or having no residual information, or in the
event that a quantization parameter is equal to another
candidate, the information generating unit 19 excludes these
from selection candidates. The image encoding device 10
gets identification information, e.g., index
{ref gp block index) to the selection candidates, and
advances to step ST85.

[0130]

In gtep ST85, the image encoding device 10 generates

identification information and difference information. The

information generating unit 19 of the image encoding device



The screen rearranging buffer 57 performs rearranging of the images. That is, the order of the frame
rearranged in order for encoding by the screen rearranging buffer 12 of Fig. 3 is rearranged to the
original order for display and - 67 - is output to the D/A converting unit 58. [0142] The D/A
converting unit 58 performs D/A conversion on the image data supplied from the screen rearranging
buffer 57, so as to display the image by outputting to an unshown display. [0143] The quantization
parameter calculating unit 59 restores quantization parameters based on information supplied from the
lossless decoding unit 52, and outputs to the invegge quantization unit 53. Fig. 19 illustrates the
configuration of the quantization parameter calculating unit, with the having a computing unit 591 and

a quantization parameters memory unit 592. [0144] The computing unit 591 uses information

supplied figm dhe lossless,decoding uait a2 @nd-Auantization parametersstored indhe,quantization

parameters memory unit 592 to restore the quantization parameter used in the quantization in the
encoding thwhithftherddadetmbe decated hasheensubjectethtcaaadattpus thishe inverse

quantization unit 53. The computing unit 591 also stores the quantization parameter of the block to be
decoded iRAféRflamizaticrPp&anfaeRde@nioty B bopst, and takes this as a

prediction guantization parameter. The information
generating unit 19 generates identification information by
using the index (ref_ gp_block index) of the selected
candidate as identification information for selecting the
prediction guantization parameter from the selection
candidates. Also, the information generating unit 12 takes
the difference (gb _gp delta) between the prediction
gquantization parameter and the quantization parameter of the
coding unit to be encoded, as difference information, and
advances to step ST86. Now, with ﬁhe prediction
guantization parameter indicated by the index
(ref_gp block_index) of the determined candidate as
"ref gp{ref_gp block_index)", the guantization parameter of
the coding unit to be encoded (CurrentQP) exhibits the
relationship indicated in Expression (31).

CurrentQP = gb _gp delta + ref gp(ref gp block index)

L. (31)
[0131]

In step 8786, the image encoding device 10 includes the
identification informaticon and difference information in the
stream information. The losgssless encoding unit 16 of the

image encoding device 10 performs losslesgss encoding of the



[0145] - 68 -  The computing unit 591 uses, for example, the "pic_init_gp_minus26" extracted from
the parameter set, and the "slice_gp_delta" extracted from the slice header, to perform the
computation of Expression (30), calculates the quantization parameters SliceQPY, and outputs to the
inverse quantization unit 53. [01461  The computing unit 591 also uses the identification information
and difference information supplied from the lossless decoding unit 52 and the quantization
parameters of the decoded blocks stored in the qg?ntization parameters memory unit 592, and
calculates the quantization parameter of the block To be decoded. The computing unit 591 outputs the
calculated quantization parameter to the inverse quantization unit 53. In this case, the computing unit
591 reads out, from the quantization parameters of the decoded blgcks stored in the quantization

parametetS My it 582, 1Hé GERTZb Pt athetE RS YR 0dBE BIORE SHRtially or temporally
periphera#%qﬁ%e hlggk éocb%lggcgﬂ%rﬁflﬁﬁ%’ﬂpg@%%%%?3%15151&%‘3'?9}0’18%'1@9%@313 the same

way as w ifference computing unit 192. For example, the computing unit 591 excludes at least
blocks whete quantizatiompaameatesnarededundant-eiddoeks whese ipyerse quantization using

guantization parameters is not performed, and takes as selection candidates. Further, the - 69 -
[0132]

In step 8T87 the image encoding device 10 uses the
decided guantization parameter to perform. quantization of
the coding unit with the qguantization unit 15, and returns
Lo step STEBI.

[0133]

Thus, the image encoding device 10 selects, from
guantization parameters of encoded blocks spatially or
temporally adjacent to a block to be encoded, a candidate
where the difference as to the guantization parameter cf the
block to be encoded is the smalillest, as a prediction
guantization parameter. Also, the image encoding device 10
generates identification information corresponding to the
selected gquantization parameter. Further, the image
encoding device 10 generates difference information
indicating difference between the prediction quantization
parameter and the quantizatién parameter of the block to be
encoded. The image encoding device 10 includes the
generated identification information and difference
identification in stream information. Thus, since a
candidate where the difference is the smallest is selected

ag the prediction gquantization parameter, the difference



computing unit 591 sets identification information, i.e., index (ref_qgp_block_index) equal to the
difference computing unit 192 as to the quantization parameters of each of the candidates. That is to
say, the computing unit 591 sets the index (ref_qp_block_index) with adjacent decoded blocks in a
predeteimined order of array. The computing unit 591 performs computation of the Expression (31)
using the quantization parameter nref_qp(ref_qp_block_index)" corresponding to identification
information supplied from the lossless decoding unit 52, i.e., the prediction quantization parameter and
the difference indicated by the difference informatan supplied from the lossless decoding unit 52
(gb_gp_delta). The computing unit 91 outputs the calculated quantization parameter (CurrentQP) to
the inverse quantization unit 53 as the quantization parameter to be decoded. Also, in the event that

there is ng selectign capdidaley the comruting Lunit-adl-auipytssthequansization,parameter of the initial
value in the slice to the inverse quantization unit 53. [0147 Also, in the event that information

specifyingithernrdes ot attay ot Atvcke has beeheeXiracted fronkibestreate ihfemmation, the computing
unit 591 sets index (ref_gp_block_index) with the decoded blocks in the specified order of array.
Accordingh esirntitthefaieler BeCoruingrray Brévdhgédiatahe ifrageishcedny dévice 10, the

tizati ters used at the i ding devi 0 b t 0148 Returni
b Fig. 18- FATARE iRy GE P the (GRbAbITRALE datk aRBFMIHYG bEaSng Slpplied from

the deblogling filter 24101491 , 5 THinfraprediction unit 71 generates prediction image data based
on the prediction mode informa?ion supplied from the lossless decoding unit 52 and decoded image

data supplied rom the adding unit 55, and outputs the generated prediction image data to the selector
s <4 . Configuration of Image Decoding Devices

Next, an image decoding device which performs decoding
procegsing of stream information output from the image
encodiﬁg device will be described. The encoded stream
generatéd by encoding an input image is supplied to the
image decoding device via a predetermined transmission path,
recording medium, oxr the like, and decoded.

[0135]

Fig. 18 shows a configuration for an image decoding
device which performs decoding processing of stream
information. The image decoding device 50 includes a
storage buffer 51, a lossless decoding unit 52, an inverse
quantization unit 53, an inverse orthogonal transform unit
54, an adding unit 55, a deblocking filter 56, a screen
rearranging buffer 57, and a digital/analecg converting unit
(D/A converting unit) 58. Furthermore, the image decoding
device 50 includes a guantization parameter calculating unit

59, frame memory 61, an intra prediction unit 71, a motion

compensation unit 72, an a selector 73.



[0150] The motion compensation unit 72 reads out reference image data from the frame memory
61 based on the prediction mode information and motion vector supplied from the lossless decoding
unit 52 and performs motion compensation, to generate prediction image data. The motion
compensation unit 72 outputs the generated prediction image data to the selector 73. Also, the motion
compensation unit 72 generates prediction image data while switching filter properties in accordance
with the magnitude of the motion vectors. [0151] - 71 - The selector 73 selects the intra prediction
unit 71 in the case of intra prediction and the motigg compensation unit 72 in the case of inter
prediction, based on the prediction mode information supplied from the lossless decoding unit 52. The
selector 73 outputs the prediction image data generated at the selected intra prediction unit 71 or
motion co tion unit 72 to the adding unit 55. [0152]  The selector 73 selects the intra
prediction unit 71 in the case of intra prediction and the motion compensation unit 72 in the case of
inter prediction, based enthg predictirn-modedntormationsupplieshfionrihetesstiassdecoding unit 52.

The selector 73 outputs the prediction image data generated at the selected intra prediction unit 71 or
motion cowipierisatiens upie2 torthn smitivigednit SB0 11533 «be Op efativriéfithageibe&dding Device>
Next, operation of the image decoding device 50 will be described with reference to the flowchart in
F@.ZO.Kﬁ%ﬂ?des the &tream information supplied from the storage

buffer 31 by a format correspending to the encoding format

of the lossless encoding unit 16 in Fig. 3.

[0137]

The lossless decoding unit 52 operates as an

information cbtaining unit and obtains various types of

information from the stream information. For exampie, the

lossless decoding unit 52 outputs prediction mode

information obtained by decoding the stream information to

the intra prediction unit 71 and moticon compensation unit 72.

Also, the lossless decoding unit 52 outputs difference

motion vectors, threshold wvalues, or threshold value

generating information, obtained by decoding the stream

information, to the motion compensation unit 72. Also, the

lossless decoding unit 52 outputs information related to

gquantization parameters obtained by decoding the stream

information, e.g., difference information and the like, to

the guantization parameter calculating unit 59. Further,

the logsless decoding unit 52 outputs the cuantization data

obtained by decoding the stream information to the inverse

guantization unit 53.

[0138]



In step ST91, the storage buffer 51 stores the stream information which has been supplied thereto. In
Step ST92, the lossless decoding unit 52 performs lossless decoding processing. The lossless
decoding unit 52 decodes the stream information supplied from the storage buffer 51. - 72 - That is,
the quantization data of each picture encoded by the lossless encoding unit 16 in Fig. 3 is obtained.
Also, the lossless decoding unit 52, performs lossless encoding of prediction mode information
included in the stream information, and in the event that the obtained prediction mode information is
information relating to the intra prediction mode, 06Lﬁpl]ts the prediction mode information to the intra
prediction unit 71. Also, in the event that the prediction mode information is information relating to the
inter prediction mode, the lossless decoding unit 52 outputs the prediction mode information to the

motion compensaton ieFs SF et tePibd SBssBetoding Rt B2 B\ftpdieiRE Hiference motion
vectors, threshold valyes, of thre Qo%ju%%rle{%%@[%%%g)ndggga'n by deggding the stream

mformatio%, to the motion compensation unit 0155 In step ? the inverse quantization unit
53 performsdaverse quantization precessingwihe invessergyantization Mol parRmsinverse

guantization on the quantization data decoded by the inverse decoding unit 52 with properties
_correspondmg tuthetpropeitiss _cﬂ‘dha@tlanﬁza;m upie b irebigl @ [0456L 15Iniste_§‘ﬁjl’ 94, the
I O e r it Ot hd s oAl tEass orm aee 43" S D Ssing. The = 73 -
inﬁerse orthogonal transform on the output of the inverse
guantization unit 53 with the format corresponding to the
orthogonal transform format of the orthogonal transform unit
14 in Fig. 3 and outputs to the adding unit 55.
[013¢9]
The adding unit 55 adds the data after inverse
orthogonal transform to prediction image data supplilied from
the selector 73, to generate decoded image data and outputs
to the deblocking filter 56 and intra prediction unit 71%.
[0140]
The deblocking filter 56 performg filtering processing
as to the decoded image data supplied from the adding unit
55, removes block distortion and then supplies to and stores
at the frame memory 61, and outputs to the screen
rearranging buffer 57.
[0141]
The screen rearranging buffer 57 performs rearranging
of the images. That is, the order of the frame rearranged

in order for encoding by the screen rearranging buffer 12 of

Fig. 3 is rearranged to the original order for display and



inverse orthogonal transform unit 54 performs inverse orthogonal transform on the transform
coefficient data subjected to inverse quantization by the inverse quantization unit 53 with properties
corresponding to the properties of the orthogonal transfoim unit 14 of Fig. 3. [0157] In step ST95,
the adding unit 55 generates the decoded image data. The adding unit 55 adds the data obtained by
being performed inverse orthogonal transform processing to the prediction image data selected in the
later-described step ST99, and generates decoded image data. Thus, the original image is decoded.
[0158] In step ST96, the deblocking filter 56 performs filtering processing. The deblocking filter 56
perfo/ms filtering processing of the decoded image data output from the adding unit 55, and removes
block distortion included in the decoded image. [0159] In step 5T97, the frame memory 61

performs storage pracessingraf the decoded iage; data: Notg that decoded image data stored in the
frame memory 61 and decoded image data output from the adding unit 55 are used as reference
image datddtb4gEnerate prediction image data. [0160] - 74 -

The D/A converting unit 58 performs D/A conversion on
the image data supplied from the screen rearranging buffer
57, so as to display the image by outputting to an unshown
display.

[0143]

The gquantization parameter calculating unit 59 resgstores
guantization parameters based on information supplied from
the lossless decoding unit 52, and outputs to the inverse
gquantization unit 53. Fig. 19 illustrates the configuration
of the guantization parameter calculating unit, with the
having a computing unit 591 and a gquantization parameters
memory unit 592,

[0144]

The computing unit 591 uses information supplied from
the lossless decoding unit 52 and guantization parameters
stored in the quantization parameters memoxry unit 592 to
restore the gquantization parameter uged in the quantization
in the enccding to which the bleock to be decoded has been
subjected to, and outputs to the inverse gquantization unit
£3. The computing unit 591 also.stores the guantization
parameter of the block to be decoded in the guantization
parameters memory unit 592.

{0145]



In step ST98, the intra prediction unit 71 and motion compensation unit 72 perform prediction
processing. The intra prediction unit 71 and motion compensation unit 72 each perform prediction
processing corresponding to the prediction mode information supplied from the lossless decoding unit
52.[0161] That is, when the prediction mode information of the intra prediction is supplied from the
lossless decoding unit 52, the intra prediction unit 71 performs intra prediction processing based on
the prediction mode information and generates prediction image data. Also, in the event that the
prediction mode information of the inter predictiongig supplied from the lossless decoding unit 52, the
motion compensation unit 72 performs motion compensation based on the prediction mode
information and generates prediction image data. [0162] In step ST99, the selector 73 selects

prediction imagergiatas g .selacdoruia selests theduedighon gg@g@ﬁgppliggefrom the intra prediction
unit 71 and prediction image data supplied from the motion compensation unit 72 and supplies the

selected predictienirhage datantosthe'additg anit &3, Soas toladdde thaetigput of the mmdrse
orthogonal transform unit 54 in step ST95, as described above. - 75 - [0163] In step ST100, the
screen redftgngifg brfefBzHetePmssrhaRrTESHanging. That iS1d S8y iRAS Scrdeh rearranging

buffer 57, the order ofiames eananged for encodind by the sgieen rearanging buffer 12 of the
image encoding deviee 10 m“IL—Rg. 3l rearrange;é%?he ofiginal o der 61 é:ISp ay.
guantization parameters SliceQPY, and outputs to the inverse
guantization unit 53.
[01458]

The computing unit 591 also uses the identification
information and difference information supplied from the
lossless decoding unit 52 and the guantization parameters of
the decoded blocks stored in the quantization parameters
memory unit 592, and calculates the guantization parameter
of the block to be decoded. The computing unit 591 outputs
the calculated guantization parameter to the inverse
quantization unit 53. In this case, the computing unit 591
reads out, from the quantization parameters of the decoded
blocks stored in the quantization parameters memory unit 592,
the guantization parameters of decoded blocks spatially or
temporally peripheral to the block to be decoded. The
computing unit 591 sets selection candidates in the same way
as with the difference computing unit 192. For example, the
computing unit 591 excludes at least blocks where
guantization parameters are redundant or blocks where
inverse guantization using guantization parameters is not

performed, and takes as selection candidateg. Further, the



[0164] In step ST101, the D/A conversion unit 58 performs D/A conversion on the image data from
the screen rearranging buffer 57. This image is output to the unshown display and the image is
displayed. [0165] Next, the prediction image generating processing in step 9T98 in Fig. 20 will be
described with reference to the flowchart in Fig. 21. [0166] In step ST111, the lossless decoding
unit 52 determines whether or not the current block has been intra encoded. In the event of the
prediction mode information obtained by perfogmigg lossless decoding being intra prediction mode
information, the lossless decoding unit 52 supplies'the prediction mode information to the intra
prediction unit 63 and advances to step ST112. Also, in the event of the prediction mode information
not being inter prediction mode - 76 -_information, the lossless dgcoding unit 52 supplies the

predictior BB ARIMAROH t6 e AOHON LOMBehShton LAt 72 ARA Précedits th'step ST113.

index (ref gp block index) egqual to the difference computing
unit 192 as to the quantization parameters of each of the
candidates. That is to say, the computing unit 531 sets the
index (ref gp block index) with adjacent decoded blocks in a
predetermined order of array. The computing unit 521
performs computation of the Expression (31) using the
gquantization parameter "ref gp(ref gp block index)*
corresponding to identification information supplied from
the losgless decoding unit 52, i.e., the prediction
guantization parameter and the difference indicated by the
difference information supplied from the lossless decoding
unit 52 (gb gp delta). The computing unit 91 outputs the
calculated quantization parameter (CurrentQP) to the inverse
guantization unit 53 as the gquantization parameter to be
decoded. Alsce, in the event that there is no selection
candidate, the computing unit 591 outputs the guantization
parameter of the initial wvalue in the slice to the inverse
quantization unit 53.

[0147]

Elso, in the event that information specifying the
order of array of blocks has been extracted from the stream
information, the computing unit 591 sets index
{ref gp block index) with the decoded blocks in the

specified order of array. Accordingly, even if the order of



[0167] Instep 5T112, the intra prediction unit 71 performs intra prediction processing. The intra
prediction unit 71 performs intra prediction using decoded image data before deblocking filter
processing and prediction mode information supplied from the adding unit 55, and generates
prediction image data. [0168] In step ST113, the motion compensation unit 72 performs ter prediction
image generating processing. The motion compensation unit 72 reads out reference image data from
the frame memory 61 and generates prediction image data, based on information supplied from the
lossless decoding unit 52 such as prediction modédnformation and so forth. [0169] Fig.22isa
flowchart illustrating processing relating to quantization parameters in decoding. In step 3T121, the
image decoding device 50 extracts information to obtaining the quantization parameter unit minimum
size. Thedmbgs dezotirpdsice b0 erhgatmaapraatied fdostainisethelqudtization parameter unit

minimum size, e.g., "Iomein unit_size offset" from the stream inforg1ation - 77 - an% advances
tOSKﬂ)SﬁEﬂEtl atidn paremeters used at the image encoding device 1

can.be restored.
[0148]

Returning to Fig. 18, the frame memory 61 holds the
decoded image data after filtering processing supplied from
the deblocking filter 24.

[0149]

The intra prediction unit 71 generates prediction image
data based on the prediction mode information supplied from
the lossless decoding unit 52 and decoded image data
supplied from the adding unit 55, and outputs the generated
prediction image data to the selector 73.

0150}

The motion compensation unit 72 reads out reference
image data from the frame memory 61 based on the prediction
mode information and motion vector supplied from the
lossless decoding unit 52 and pexrforms motion compensation,
to generate prediction image data. The motion compensation
unit 72 outputs the generated prediction image data to the
selector 73. Also, the motion compensation unit 72
generates prediction image data while switching filter
properties in accordance with the magnitude of the motion
vectors.

{0151]



[0170] In step ST122, the image decoding unit 50 calculates the quantization parameter unit
minimum size. The image decoding unit 50 performs the computation of Expression (26) using
"log2_min_qgp_unit_size_offset", and parameter "log2_min_transform_unit_size_minus2" which
decides the transform unit minimum size (MinTransformUnitSize), and calculates the quantization
parameter unit minimum size (MinQpUnitSize). Also, the image decoding unit 50 may calculate the
guantization parameter unit minimum size (MinQpUnitSize) by the computation of Expression (29).
[0171] In step ST123, the image decoding uniy 20 -determines whether or not there exists a frame
to decode. In the event that there exists a frame to decode, the image decoding unit 50 advances to
step ST124, and in the event that there exists no frame to decode, ends the processing. [0172]  In
step ST124, thetmagsLeceding unit 5Q detarmirexwhethes osRekthere existnasliee ta decode. In
the event that there exists a slice to decode, the image decoding unit 50 advances to step 5T125, and
in the evenbthat dlsereceists mosslicedd tetode, rtgnshe steprSTh28dopedlsa78on  In step ST125
the image decoding unit 50 extracts information for obtaining the quantization parameter of the initial
value in th*dffce’ ThetosdiesSagcodifg tRARS2 BHREMageYecBamgrfts0-8Rtracts, for example,

"pic_init_ INUs26" from a picture_parameter seté PS: picture parameter set). Also,
Biimtin it i chteedo et dhitio S g coch i Dl K e ool

decoding unit 52. The selector 73 outputs the prediction

image data genevated at the selected intra prediction unit
71 or wmoetion compensation unit 72 to the adding unit 55.
[0152]

The selector 73 selects the intra prediction unit 71 in
the case of intra prediction and the motion compensation
unit 72 in the case of inter prediction, based on the
prediction mode information supplied from the lossless
decoding unit 52. The selector 73 outputs the prediction
image data generated at the selected intra prediction unit
71 or motion compensation uﬁit 72 to the adding unit 55.
[0153]
<5, Operation of Image Decoding Devices>

Next, operation of the image decoding device 50 will be
described with reference to the flowchart in Fig. 20.

[0154]

In step 8T91, the étorage buffer 51 stores the stream
information which has been supplied thereto. In step STS92,
the lossless decoding unit 52 performs lossless decoding
processing. The lossless decoding unit 52 decodes the

stream information supplied from the storage buffer 51.



In step ST126, the image decoding unit 50 calculates the quantization parameter of the initial value in
the slice. The quantization parameter calculating unit 59 of the image decoding unit 50 performs
computation of Expression (30) using "pic_init_gp_minus26" and "slice_qp_delta", calculates
guantization parameter SliceQPY, and advances to step ST127. [0175] In step 5T127, the image
decoding unit 50 detetmines whether or not there exists a coding unit CU to decode. In the event that
there exists a coding unit to decode, the image decpding unit 50 advances to step ST128, and in the
event that there exists none, returns to step ST124. [0176] In step ST128, the image decoding unit
50 sets identification information to the selection candidates. The quantization parameter calculating

unit 59 of tge image decodinﬁﬁunit,SO sets idglntgicati n info;lmatior]cto the - 79&3 I%:tion candidates
in the samé-Way'as whf thEBnAAdh tRReFRnG (hit T8 5FtH image erfds i devide 10. That is to

say. the qugdtisallon ayameienealaylaing il oS lakes guagtizatiogarameders afidepoded codings
spatially or temporally peripheral to the coding unit to be decoded, as selection candidates. Also, in the
event thatRe quask2aiion Prraneiers areiset tethepklock due t0 belrlg=a skiprideck axhading no
residual information, or in the event that a quantization parameter is equal to another candidate, these
are exclupee frorticlacinieandidansa Ttheyuahtzastharanidter eal&gating unit 59 sets
identificatjon_information equal to the image encodlr%gadewce 10, e.g,, In ezggeeéiclpmpcl)%ck index), to

the quantiZatioh ParamBtere &F tHe cAhfdSiEE ind Aabarkds Q%8

mode information is information relating to the intra
prediction mode, outputs the prediction mode information to
the intra prediction unit 71. Also, in the event that the
prediction mode information is information relating to the
inter prediction mode, the lossless decoding unit 52 outputs
the prediction mode information to the motion compensation
unit 72. Further, the lossless decoding unit 52 outputs the
difference motion vectors, threshold values, or threshold
generating information, obtained by decoding the stream
information, to the motion compensation unit 72.

[0155]

In step 8793, the inversgse guantization unit 53 performs
inverse guantization processing. The inverse guantization
unit 53 performs inverse quantization on the gquantization
data decoded by the inverse decoding unit 52 with properties
corresponding to the properties of the guantization unit 15
in Fig. 3.

[0156]
In step ST94, the inverse orthogonal transform unit 54

performs inverse orthogonal transform processing. The



[0177] In step ST129, the image decoding unit 50 obtains identification information and difference
information. The lossless decoding unit 52 of the image decoding unit 50 extracts the identification
information and difference information included in the stream information at the image encoding device
10, i.e., the index (ref_gp_block_index) and difference gb_gp_delta). The lossless decoding unit 52
supplies the extracted identification information and difference information to the quantization
parameter - 80 - calculating unit 59 ad advances to step ST130. [0178] In step ST130, the image
decoding unit 50 uses the identification informationzand difference information to calculate quantization
parameters. The quantization parameter calculating unit 59 of the image decoding unit 50 performs the
computation of Expression (31) using the quantization parameter "ref_qp (ref_qp_block_index"

corresponding fo; thejpdex §ieh-ap_hlagks dex) which isddeatification infewaatien, and (gb_qp_delta)
which is difference information. That is to say, by adding the difference to the prediction quantization
parametegthaogantizatioreparametevof theecodingedit tovbedefdded sstaldalated. The quantization
parameter calculating unit 59 outputs the quantization parameter of the coding unit to be decoded

(CurrentGP)Rd2RE Fverse JUERTARIBURICSF St tliYs 18 SteF 8154 [0179]  Thus, by using

identificatiolglain[%ma,éiog 3{:mdndiqersslpce jjre@rmlactjion jfr]ccitédedcin 3}98 Strea lglfortr]g)atj&géquantization
paramete?s rel?a eé% Jthe b}‘(‘)dl( obe c‘f’ecode% ca%ebe res?ore%l evenplP quantcrlzatlon parameters of each

of the blogks.are natdacldded inthe-stream information fihak is to; say; £ven ifithg encoding efficiency
of the quantization parameters has been improved by using - 81 -
f0157]

In step 8T95, the adding unit 55 generates the decoded
image data. The adding unit 55 adds the data obtained by
being performed inverse orthogonal transform processing to
the prediction image data selected in the later-described
step ST99, and generates decoded image data. Thus, the
original image is decoded.

{0158]

In step ST96, the deblocking filtexr 56 performs
filtering processing. The deblocking filter 56 pexrforms
filtering processing of the decoded image data output from
the adding unit 55, and removes block distortion included in
the decoded image.

[0159]

In step 5T97, the frame memory 61 performs storage
processing of the decoded image data. Note that decoded
image data stored in the frame memory 61 and decoded image
data oufput from the adding unit 55 are used as reference
image data to generate prediction image data.

[0160]



identification information and difference information at the image encoding device 10, the quantization
parameters relating to each of the blocks can be restored and decoding processing can be correctly
performed to generate a decoded image at the image decoding unit 50. [0180] <6. Other Operations of
Image Encoding Device and Image Decoding Device>  With the above-described operations of the
image encoding device and image decoding device, quantization parameters of encoded blocks
spatially or temporally adjacent to the block to be encoded are taken as selection candidates. Also, a
guantization parameter selected from the selectiongcandidates in accordance to a quantization
parameter set as to the block to be encoded is taken as a prediction quantization parameter. Further,
encoding efficiency of quantization parameters is improved by including, in the stream information,
identification infarmatienfor selecting the; predictionqiantization,pakamates franyqthessglection
candidates, and difference information indicating the difference between the prediction quantization
parameterang¢he ghamtizationtparameterseto theBlock teobemnuoded ii9d 81] Flowever, the
selection candidates are not restricted to - 82 - quantijzation parameters of encoded blocks spatially or
temporally- 2HjEeRE &Fthe Dotk 15 eridodétf dMetthetaStTRESR GhamtiZzatbh pafameter may be
included ig tg% se!eercggn r(ﬁandisglgtiest fgﬂdesl%iggg Ialter even a l:S)IoC()::g1 ig\ﬂéere ggcgggd blocks spatially
or temporaﬁy ad]%cent do not mvolve inverse quan%zgﬁon, a quarﬁlza 10n %arame er of a block at a
position ngakto; theiblack.taske Eﬂ@@@%&@@&z‘@%’i@é S j@pregictigniquantization. parameter. Further,
guantization parameters may be implicitly or explicitly predicted quantization parameters of selection
candidateseand thifferencecind@mation indicating the difference between the predicted quantization
parameters and the quantization parameter of the block to be encoded, may be generated. [0182]
Next, deséﬁ&ﬁdqu will be made regarding a case of deciding the quantization parameter unit minimum
size (MinQpUniLﬁi}zeé iqgcc%gaplc%ﬁveith tpg fdﬁ%%nirtnsiée, an(%fim licitly or e@licglé/ selecting a
prediction quantlza‘_ﬁon pafame?er from q%an 1zation para?ne?erlsno e éilc%fb%nca%did:a s, as another
operation of the image epeqding deviceand impgs-decading dgvice Nateshat deserintion.will be
made below regarding to portions differing from the image encoding device and image decoding
device deseribethabdveera prediction unit 71 performs intra prediction

processing based on the prediction mode information and
generates prediction image data. Also, in the event that
the prediction mode information of the inter prediction is
supplied from the lossless decoding unit 52, the motion
compensation unit 72 performs motion compensation based on
the prediction mode information and generates prediction
image data.

[0162]

In step ST99, the selector 73 selects prediction image
data. The selector 73 selects the prediction image supplied
from the intra prediction unit 71 and prediction image data
supplied from the motion compensation unit 72 and supplies
the selected prediction image data ﬁo the adding unit 55, so
as to add to the output of the inverse orthogonal transform

unit 54 in step 8T95, as described above.



[0183] - 83 - Inthe event of implicitly or explicitly selecting a prediction quantization parameter from
guantization parameters of selection candidates, the image encoding device includes distinguishing
information "gp_explicit_flag" indicating whether to explicitly -or implicitly decide quantization
parameters. Also, an arrangement may be made with the image encoding device and image decoding
device where whether to implicitly decide or explicitly decide quantization parameters is decoded
beforehand. [0184] To implicitly decide quqnti,;gtign parameters means a prediction quantization
parameter equal to the image encoding device can be selected at the image decoding device, without
supplying identification information to select the prediction quantization parameters from the selection
candidates from the image encoding device to the image decoding device. Specifically, there is a
method oiigélgéging a quantization parameter from the selection candidates based on a priority order

decided beforerﬁt;dsz%%d%%igi@gIthg@éegjgg%%guggg@ggﬁdﬂdgn}g@fgf’n%ﬂﬂod of taking a
eo

stochastic valu guantization parameters of the selection candidates as a prediction quantization
parameteped methed ohweighting:auandzakon parametass ebthesseleationceandidatesin accordance

to distance from the -84 - .
rearranging buffer 57, the order of frames rearranged for
encoding by the screen rearranging buffer 12 of the image
encoding device 10 in Flg. 3 is rearranged to the original
order for display.
[0164]

In step ST101, the D/A conversion unit 58 performs D/A
conversgion on the image data from the screen rearranging
buffer 57. This image is output to the unshown display and
the image is displaved.

[0165]

Next, the prediction image generating processing in
step ST98 in Fig. 20 will be described with reference to the
flowchart in Fig. 21.

[0166]

In step ST1i1l, the lossless decoding unit 52 determines
whether or not the current block has been intra encoded. In
the event of the prediction mode information obtained by
performing lossless decoding being intra prediction mode
information, the lossless decoding unit 52 supplies the
prediction mode information to the intra prediction unit 63
and advances to step 8T112. Also, in the event of the

prediction mode information not being inter prediction mode



current block, and taking a stochastic value of weighted quantization parameters as a prediction
guantization parameter, or the like. [0185]  To explicitly decide quantization parameters means a
prediction quantization parameter equal to the image encoding device can be selected at the image
decoding device, by supplying identification information to select the prediction quantization
parameters from the selection candidates from the image encoding device to the image decoding
device. Specifically, there is a method of calculating index information specifying a selection candidate
at the image encoding device and including this irvéhe-stream information, and using the quantization
parameter of the selection candidate indicated in the index information as the prediction quantization
parameter at the image decoding device, a method where index information is not included in blocks

regarding w¥eh-gaahtizationis not perfersedcardsadorin 10186 subig. i23istnBowchart for
describing another operation of the image encoding device, illustrating slice encoding processing. In
step ST14#;<¢hé irhage encddingrdavive 10 determitéswhethiepor poraeodiylait Cito be encoded
exists. In the event that a coding unit which has not been - 85 - subjected to encoding processing
exists in & HicedBDPERCSHAS prte¥58H, thelimge encoding device 10 advances to step ST142. In
the event g@atée”coding processing has been completed for all coding units in the slice, the image
encoding device™10 ends the slice encoding processing.

In step ST112, the intra prediction unit 71 performs
intra prediction processing. The intra prediction unit 71
performs intra prediction using decoded image data before
deblocking filter processing and prediction mode information
supplied from the adding unit 55, and generates prediction”.
image data.
f0168]

In step ST112, the motion compensation unit 72 performs
inter prediction image generating processing. The motion
compensation unit 72 reads out reference image data from the
frame memory 61 and generates prediction image data, based
on information supplied from the lossless decoding unit 52
such as prediction mode information and so forth.

[C1l69]

Fig. 22 i1s a flowchart illustrating processing relating
to guantization parameters in decoding. In step ST121, the
image decoding device 50 extracts information to obtaining
the quantization parameter unit minimum size. The image
decoding device 50 extracts information for obtaining the
quantization parameter unit minimum size, e.g.,

"log2 min gp unit_size offsget" from the stream information,



[0187] In step ST142, the image encoding device 10 splits the coding unit CU. The image
encoding device 10 splits the coding unit CU as illustrated in Fig. 5, decides the size of the coding unit
where the cost function value is small, and advances to step ST143. Also, in order to enable
determination of the size of the coding unit where the cost function value is small, the image encoding
device 10 includes in the stream information, for example, "Coding tree syntax”, a
"split_coding_unit_flag" equivalent to the split flag in Fig. 5. [0188] In step 5T143, the image encoding
device 10 deteldnes whether or not inverse quantjzation is involved with the coding unit to be encoded.
In the event that the coding unit CU to be encoded is a block of a mode which does not need inverse
guantization using quantization parameters to perform decoding, e.g., skip mode or I_PCM mode, or

direct modg 4CER(Rded Block Rattesr; 5 9) block, the image encoding device 10 returns to step
ST141, and in the event - 86 - of a block where inverse quantization is perfointed, advances to step

3T144. [0189F 0] In step ST144, the image encoding device 10 determines whether or not the size of
the coding unit CU is "log2MinQpUnitSize" or greater. In the event that the size of the coding unit CU
is "log2MinQpUAESIZESBr §fdedar, téRnadaficiRG GV e D Advithced 16 $te-$F145. Also, in the

event tha]%t;e size of the %Qding unl; E&:n%‘icser%otlgl[&chI\éign nrLlJunl_riztSSizlez;'@or gtﬁﬁ%;[ael’i;[rl{la(_-:‘ ierjnage encoding
device 10-advartas ' %?eplg?lgﬁ. ) g

decoding unit 50 performs the computation of Expression (26)
using "log2 min gp unit size offset”, and parameter

"log2 min transform unit size minus2" which decides the
transform unit minimum size (MinTransformUnitSize), and
calculates the quantization parameter unit minimum size
(MinQpUnitSize). Also, the image decoding unit 50 may
calculate the guantization parameter unit minimum size
(MinCpUnitSize} by the computation of Expression {(29).
[0171]

In step ST123, the image decoding unit 50 determines
whether or not there exists a frame to decode. In the event
that there exists a frame to decode, the image decoding unit
50 advances to step S8T124, and in the event that there
exists no frame to decode, ends the processing.

[0172]

In step ST124, the image decoding unit 50 determines
whether or not there exists a slice to deccde. In the event
that there exigts a slice to decode, the image decoding unit
50 advances to step ST125, and in the event that there
exists no slice to decode, returns to step ST123.

[0173]



[0190] In step ST145 the image encoding device 10 decides a quantization parameter QP for the
coding unit CU to be encoded. The rate control unit 18 of the image encoding device 10 decides the
guantization parameter in accordance with the complexity of the image of the coding unit as described
above, or such that the cost function value is small, and advances to step ST146. [0191] In step
5T146, the image encoding device 10 determines whether or not distinguishing information
"gp_explicit_flag" enabling identification of whether quantization parameters are to be predicted
implicitly or explicitly is "1". In the event that the distinguishing information "gp_explicit_flag" - 87 - is
"1", and quantization parameters are to be predicted explicitly, the image encoding device 10
advances to step ST147. Also, in the event that the distinguishing information "gp_explicit_flag" is "0"
and quantizatiol partmastess aesto-be piaticted daptiditiyiaherimage @nestingdevice 10 advances to
step ST149. The image encoding device 10 compares the cost function value in the event that the

distinguishitgARTFSEBN E65_EXPiRiARS iE88t AR Ghedthd WsPRAEST FaIURTn THE event that
the distinauishing inf AP Sl ) . 4 devi
e distinguising inoraton sap.cxelcilag” i 66L19 oo (o xampls. The mage egcoding device

10 sets the value of the distinguishing information "qp_explicit_ e encoding efficiency
is higher basadhan thesamaarisen fepults Alseointherevent fhatdhe disiaguishing information
"gp_explicit_flag" can be set by the user, the image encoding device 10 sets the distinguishing
informatigrp'iop_erplicigfiag? maccotddncenwith pset imstuptiorsi¢@ia2]set I 8p:ST147, the image
encoding device 10 generates identification information. The image encoding device 10 selects a

candidatéfShURE SBRIEBR aRditRitds subh Bt the HifffeABe 9816 the dfaRizatiBh pPafameter of

the codin% ugitt Eg eS Sggdﬂ% g@eay(’es% %t éh% @8&@%@0%8‘9@%@3”9%551,9 as described above,
and takes t:ﬁISmtO e

fo0174]

In step ST126, the image decoding unit 50 calculates
the gquantization parameter of the initial value in the slice.
The guantization parameter calculating unit 59 of the image
decoding unit 50 performs computation of Expression (30}
uging "pic init gp minus26" and "slice_gp delta', calculates
guantization parameter SliceQPY, and advances to step ST127.
[0175]

In step 87127, the image decoding unit 50 determines
whether or not there exists a coding unit CU to deccde. 1In
the event that there exists a coding unit to decode, the
image decoding unit 50 advances to step 8Ti28, and in the
event that there exists none, returns to step ST124.

[0178]

In step ST128, the image decoding unit 50 sets
identification information to the selection candidates. The
guantization parameter calculating unit 59 of the image

decoding unit 50 sets identification information to the



- 88 - a prediction quantization parameter. The image encoding device 10 takes, for example,
guantization parameters of encoded blocks spatially or temporally adjacent to the block to be encoded,
the last updated quantization parameter, and the processing procedures set at the head block of the
slice, as selection candidates. The image encoding device 10 selects a candidate from the selection
candidates where the difference as to the quantization parameter of the coding unit to be encoded is
smallest, and takes this as a prediction quantization parameter. Further, the information generating
unit 19 takes the index (ref_qp_block_index) of-theselected candidate to be identification information
for selecting a prediction quantization parameter from the selection candidates, and advances to step
ST148.[0193] In step ST148, the image encoding device 10 includes the identification information

in the stream infermation, Jhe4mage enpading deyice 10-includes the ideatificatigpypformation
generated in step ST147, and advances to step ST150. [0194] In step ST149, the image encoding
device 104mpdieily tegides:a pregicibntguuanitzatien pacardetey dQR: Idwt 10tp saydbe image
encoding device 10 predicts a quantization parameter with a method equal to the image decoding unit
50. - 89 -to say, the quantization parameter calculating unit 59 takes

quantization parameters of decoded codings spatially or

temporally peripheral to the coding unit to be decoded, as

selection candidates. Also, in the event that no

guantization parameters are set to the block due to being a

skip block or having no residual information, or in the

event that a guantization parameter ié eQual to another

candidate, these are excluded from selection candidates.

The guantization parameter calculating unit 59 sets

identification information egual to the image encoding

device 10, e.g., index (ref gp block index), to the

guantization parameters of the candidates, and advances to

step S5T12S.

(G177}

In step ST122, the image decoding unit 50 obtains
identification information and difference information. The
lossless decoding unit 52 of the image decoding unit 50
extracts the identification information and difference
information included in the stream information at the image
encoding device 10, i.e., the index (ref gp block index) and
difference gb _gp delta). The lossless decoding unit 52

supplies the extracted identification information and

difference information to the guantization parameter



As for a method for predicting the quantization parameter, the prediction quantization parameters is
decoded based on a priority order decided beforehand, for example. Also, a stochastic value of
multiple candidate quantization parameters may be taken as a prediction quantization parameter.
Further, a method of weighting quantization parameters of the selection candidates in accordance with
distance from the current block, and taking a stochastic value of weighted quantization parameters as
a prediction quantization parameter, or the like, may be used. The image encoding device 10
calculates the prediction quantization parameter gyl advances to step ST150. [0195] In step
ST150 the image encoding device 10 generates difference information. The image encoding device 10
calculates the difference between the prediction quantization parameter indicated by the identification

informatio&qmg@%%fég%§T§§7aacpqa@§aqjt@§g2@%o%%_ néeltggggcided in step 3T145, or the

difference between t tion quantization parameter decided in step ST149 and the quantization
parametendeecigded in step ST145. The image encoding device 10 generates difference information
indicating the calculated difference and advances to step ST151. [0196] - 90 - In step ST151, the
image encodingIdevideet0 #iclides thealifferepee defondation and distiihguishingtinformation in the
stream information. The image encoding device 10 includes the difference information generated in

step ST15L&RE e ARtihGHsAMEIRTEH RN 286 EXtiER TR 2stBiRSIEF$9146% the stream
informationaggglig@geq%{lacggi_{wga%%\g%e %Q}%?AQQ%SEQ? djﬁﬂgg% E@@%gfe%@g%on in one of, for
ice he

example, the sequence parameter set, picture parameter set, slice header, or the like, and advances

to step STIZ4RIAH calnsien STde2uilrimageeneading deviee ddperioigs giantization of the
coding unit CU. The image encoding device 10 performs quantization of the coding unit using the
decided goantization piramsterandrétrns fo SteprSERL0198]) uFigRLigean operation example
in a case of implicitly predicting quantization parameters, and Fig. 25 illustrates a flowchart example in

a case of BXBRGH Brethttinkfdiarizalion P fafiBreld NotER E4sd Bffiifee selection candidates

s llustrated o fociitate description 0198 (rer_qp_plock_index) which is

identification information, and (gb gp delta) which is
difference information. That is to say, by adding the
difference to the prediction quantization parameter, the
guantization parameter of the coding unit to be deccded is
calculated. The quantization parameter calculating unit 5%
outputs the guantization parameter of the coding unit to be
decoded (CurrentQP) to the inverse quantization unit 53, and
returns to step ST124.

[0179]

Thus, by using identification information and
difference information included in the stream information,
guantization parameters related to the block to be decoded
can be restored even if guantization parameters of each of
the blocks are not included in the stream information. That
is to say, even if the encoding efficiency of the

gquantization parameters has been improved by using



As illustrated in (A) in Fig. 24, the quantization parameter of the block to be encoded in the frame to be
encoded is, for example, "QP_QO". Also, the three candidates - 91 - are the quantization parameter
"QP_A" of the encoded block adjacent to the left, the quantization parameter "QP_B" of the adjacent
encoded block, and the quantization parameter "QP_LS" of a decoded coding unit. [0200] In Fig.
25, in step ST161 the image encoding device 10 determines whether or not quantization parameters
"QP_A""QP_B" can be referenced. In the event that the encoded block adjacent to the left and
encoded block adjacent above are not blocks of gsmode which does not need inverse quantization
using quantization parameters to perform decoding, e.g., skip mode or I_PCM mode, or direct mode
(CBP (Coded Block Pattern) = 0) block, the image encoding device 10 determines that reference can

be made %a%g@yﬁ%%%% SHeR.2d 162, £ls0, in. e euant thatat least png.pfithe quantizagion

parameter e quantization parameter "QP_B" is a mode which does not need inverse

quantizatiofs gevancesdosierSTi68. (0201t ne Wustap bI462cthedmagreenacagding device 10 takes
the average value of quantization parameters "QP_A" "QP_B" to be prediction quantization parameter

dQP. That &slmtsayy asdllestetedin B)en Flpddsitte éx%m@mtiaaﬁo@pamﬁ "QP_A"

R e N o L P U S P e
image at the image decoding unit 50.
[0180]
<6. Other Operations of Image Encoding Device and Image
Decoding Devices

With the above-described operations of the image

encoding device and image decoding device, quantization
parameters of encoded blocks spatially or temporally
adjacent to the block to be encoded are taken as selection
candidateg. Also, a quantization parameter selected from
the selection candidates in accordance to a quantization
parameter set as to the block to be encoded is taken as a
prediction guantization parameter. Further, encoding
efficiency of quantization parameters is improved by
including, in the stream information, identification
information for gelecting the prediction guantization
parameter from the selection candidates, and difference
information indicating the difference between the prediction
gquantization parameter and the guantization parameter set to
the block to be encoded.
[0181]

However, the selection candidates are not restricted to



-92-"(QP_A + QP_B + 1)/ 2" is taken as the prediction quantization parameter dQP. [0202] In
step ST163, the image encoding device 10 determines whether or not the quantization parameter
"QP_A" can be referenced. In the event that the encoded block adjacent to the left is not a mode
where there is no need to perform inverse quantization, the image encoding device 10 determines that
this can be referenced, and advances to step 3T164. Also, in the event that the encoded block
adjacent to the left is a mode where there is no need to perform inverse quantization, the image
encoding device 10 determines that this cannot bg4eferenced, and advances to step ST165. [0203]

In step ST164, the image encoding device 10 takes the quantization parameter "QP_A" as the
prediction quantization parameter dQP. That is to say, in the event that the quantization parameter

"QP_A" can hereferenced and the guantization parameten QR B'.cannol berefgrenced, as illustrated

in (C) in Fig. 24, the quantization parameter "QP_A" is taken as the prediction quantization parameter
dQP. Note drptdr&ig24hand thelater-desesibetddy. 26, hlecksafaimodeaniclide rnotsreed inverse
guantization, i.e., blocks that cannot be referenced, are indicated by hatching.

updated guantization parameter may be inc¢luded in the

selection candidates. As desc;ibed later, even a block

where encoded blocks spatially o£ temporally adjacent do not

involve inverse guantization, a guantization parameter of a

block at a position near to the block to be encoded can be

gset as a prediction guantization parameter. Further,

quantization parameters may be implicitly or explicitly

predicted guantization parameters of selection candidates,

and difference information indicating the difference between

the predicted quantization parameters and the guantization

parameter of the block to be encoded, may be generated.

[0182]

Next, descripticn will be made regarding a case of
deciding the quantization parameter unit minimum size
(MinQpUnit&ize) in accordance with the coding unit size, and
implicitly or explicitly selecting a prediction guantization
parameter from quantization parameters of selection
candidates, as another operation of the image encoding
device and image decoding device. Note that description
will be made below regarding to portions differing from the
image encoding device and image decoding device described
above.

[0183]



-93-[0204] In step ST165, the image encoding device 10 determines whether or not the
guantization parameter "QP_B" can be referenced. In the event that the encoded block adjacent above
is not a mode where there is no need to perform inverse quantization, the image encoding device 10
determines that this can be referenced, and advances to step ST166. Also, in the event that the
encoded block adjacent above is a mode where there is no need to perform inverse quantization, the
image encoding device 10 determines that this cannot be referenced, and advances to step ST167.
[0205] In step 5T166, the image encoding dewiee 10 takes the quantization parameter "QP_B" as
the prediction quantization parameter dQP. That is to say, in the event that the quantization parameter
"QP_B" can be referenced and the quantization parameter "QP_A" cannot be referenced, as illustrated

in (D) In Fig. 24, {he quaniization Barameles (I8,8" islaken asdhe prediclian. quaplization parameter
dQP. [0206] In step ST167, the image encoding device 10 takes the quantization parameter

"QP_LS" ge-¢he predistionauanitizationpapamates 6P Astustiiaedin k) mrFig. 24, in the event that
the encoded block adjacent to the left and the encoded block adjacent above are a mode where there
- 94 - is npacadab perfopd invdsetgirntizativh, daé goantizioRFFanrREsIcYMY S" is taken as the
[NedMﬁOQ§£¥¥EEaQ%lESgggeE%g%%%égggQing information

"gp explicit flag" indicating whether to explicitly or

implicitly decide quantization parameters. Also, an

arrangement may be made with the image encoding device and

image decoding device where whether to implicitly decide or

explicitly decide guantization parameters is decoded

beforehand.

[0184]

To implicitly decide quantization parameters means a

prediction quantization parameter equal to the image

encoding device can be selected at the image decoding device,

without supplying identification information to select the

prediction quantization parameters from the selection

candidates from the image encoding device to the image

decoding device. Specifically, there is a method of

selecting a quantization parameter from the selection

candidates based on a priority order decided beforshand and

deciding the prediction quantization parameter, a method of

taking a stochastic value of quantization parameters of the

selection candidates as a predictlon guantization parameter,

a method of weighting quantization parameters of the

gselection candidates in accordance to distance from the



Fig. 26 illustrates another operation example of a case of implicitly predicting quantization parameters.
For example, as illustrated in (E) in Fig. 24, in the event that the encoded block adjacent to the left and
the encoded block adjacent above are a mode where there is no need to perfoim inverse quantization,
the predetermined quantization parameter may be generated by increasing the number of selection
candidates. For example, as illustrated in (A) in Fig. 26, the quantization parameter "QP_C" of the
encoded block adjacent to the upper right, the quantization parameter "QP_D" of the encoded block
adjacent to the upper left, and the quantizationperameter "QP_E" of the encoded block adjacent to the
lower left, are added to the selection candidates. [0208] In the event that the quantization
parameters "QP_C", "QP_D", and "QP_E" can be referenced as illustrated in (B) in Fig. 26, the image
encoding deyicentO takeskhe andragenalge &(QR CHa@P1ib wd) 12" offtheegusntizdtion parameters
"QP_C" and "QP_D", or the median, as the prediction quantization parameter dQP. - 95 -[0209] In
the eventdHafthé ZiiahiZalsy pEAFREEr$' QR _Brafd coroD Eame-fetérefed as illustrated in (C)
in Fig. 26, the image encodin de\iic 10 takes the average value "(QP_C + QP_D + 1) / 2" of the
quantizat?%%rﬁlar?gﬁeéférsqb&%@' arﬁ? eQP_D" as the prediction quantization parameter dQP. [0210]

In the evepy 1@@]the guantization parameters "QP_D" and "QP_E" can be referenced as illustrated in
(D) in Fig. 26, the image encoding device 10 takes the average value "(QP_D + QP_E + 1) / 2" of the
guantization parametess! QR tDyand tQRs EGasribe predictiopguantization pasameter dQP. [0211]

prediction quantization parameter equal to the image
encoding device can be selected at the image decoding device,
by supplying identification information to select the
prediction quantization parameters from the selection
candidates from the image encoding device to the image
decoding device. Specifically, there igs a method of
calculating index information specifying a selection
candidate at the image encoding device and including this in
the stream information, and using the quantization parameter
of the gelection candidate indicated in the index
information as the prediction guantization parameter at the
image decoding device, a method where index information is
not included in blocks regarding which quantization is not
performed, and so forth.

[018¢]

Fig. 23 1s a flowchart for describing another operation
of the image encoding device, illustrating slice encoding
procegsing. In step ST141, the image encoding device 10
determines whether or not a coding unit CU to be encoded

exists. In the event that a coding unit which has not been



In the event that the quantization parameters "QP_C" and "QP_E" can be referenced as illustrated in
(E) in Fig. 26, the image encoding device 10 takes the average value "(QP_C + QP_E + 1) / 2" of the
guantization parameters "QP_C" and "QP_E" as the prediction quantization parameter dQP. [0212]

In the event that the quantization parameters "QP_C", "QP_D", and "QP_E" cannot be referenced as
illustrated in (F) in Fig. 26, the image encoding device 10 takes the - 96 - quantization parameter
"QP_LS" as the prediction quantization parameter dQP. Note that Fig. 27 illustrates a program for
performing the operations of (B) through (D) in Fig 24 and (B) through (F) in Fig. 26. [0213]  Also, in
the event that the number of quantization parameters that can referenced is one, as illustrated in (G)
through (1) in Fig. 26, this quantization parameter that can referenced may be used as the prediction

quwﬂaaﬂ%ﬁﬁ?@%@%&”égygﬂggééhg processing exists in a slice to be

encoding processed, the image encoding device 10 advances to
step ST142. In the event that encoding processing has been
completed for all coding units in the slice, the image
encoding device 10 ends the slice encoding processing.

[0187]

In step ST142, the image encoding device 10 splits the
coding unit CU. The image encoding device 10 splits the
coding unit CU as illustrated in Fig. 5, decides the size of
the coding unit where the cost function value is small, and
advances to step 8T143. Also, in order to enable
determination of the size of the coding unit where the cost
function value is small, the image encoding device 10
includes in the stream information, for example, "Coding
tree syntax", a "split coeding unit flag" eqguivalent to the
split flag in Fig. 5.

[0188]

In step STi43, the image encoding device 10 determines
whether or not inverse guantization is involved with the
coding unit to be encoded. 1In the event that the coding
unit CU to be encoded is a block of a mode which does not
need inverse quantization using guantization parameters to
perform decoding, e.g., skip mode or I PCM mode, or direct
mode (CRBP (Coded Block Pattern) = 0) block, the image

encoding device 10 returns to step ST141, and in the event



Thus, the image encoding device 10 takes quantization parameters such as encoded blocks spatially
or temporally adjacent to a block to be encoded as selection candidates, and selects a prediction
guantization parameter from the selection candidates in accordance with a set quantization parameter.
Also, the image encoding device 10 generates identification information for selecting a prediction
guantization parameter from the selection candidates. Further, the image encoding device 10
generates difference information indicating difference between the prediction quantization parameter
and the quantization parameter set to the block toghe encoded. The image encoding device 10
includes the generated identification information and difference information in stream information. By
performing - 97 - such processing, the difference between the quantization parameter of the block to

be encodeg.and,the, predision.auapiization patamelel cat,be preyenied. o begapiing aureat value.

According?y, e image encoding device 10 Can improve encoding efficiency of quantization
parametets, [@215] sTAMsO, in the event of implicitly prediction quantization parameters, a prediction
guantization parameter equal to the image encoding device 10 can be used at the image decoding
device 50,[@tA8Ut including identification information to select prediction quantization parameters from
the selection candidates in the stream information. Further, by including distinguishing information in

the stream inforfaticit S&xpher bledicicn SPBRIGRAGLHENZ 63 barantfeRrs GAd MBIt prediction
of prediction %qjag{jzzg)t}ronng%ra{%géerssi%%n Be adaptively switched.[0246]; ;. Fig. 28 is a flowchart for
' fthei [

describing other operations of the image decoding device. Tn step ST127 in Fig. 22, in the event that
determinatipnds imadsbat a £oding urit to-degade exists, i inrage deeeding thi Soiprrforms

processing from step 5T171, and performs decoding of the coding unit. [0217] - 98 -
of the coding unit CU is "log2MinQpUnitSize" or greater, the
image encoding device 10 advances to step ST145. Also, in
the event that the size of the coding unit CU is not
"Jog2MinQpUnitSize" or greater, the image encoding device 10
advanceg to step ST152.
f0190]

In step 8T145 the image encoding device 10 decides a
guantization parameter QP for the coding unit CU to be
encoded. The rate control unit 18 of the image encoding
device 10 decides the gquantization parameter in accordance
with the complexity of the image of the coding unit as
described above, or such that the cost function value is
small, and advances to step ST146.

[0191]

In step 87146, the image encoding device 10 determines
whether or not distinguishing information "gp explicit_ flag”
enabling identification of whether guantization parameters
are to be predicted implicitly or explicitly is "1". 1In the

event that the distinguishing information "gp explicit_ flag"



In step 5T171, the image decoding unit 50 extracts information. The image decoding unit 50 extracts
information from the stream information to use in decoding of the coding unit. For example, information
"Coding tree syntax" enabling determination of the size of the coding unit, information
"log2_min_qgp_unit_size_offset" enabling determination of the quantization parameter unit minimum
size, distinguishing information "qp_explicit_flag”, and so forth, are extracted, and advances to step
ST172.[0218] In step ST172, the image decoding unit 50 splits the coding unit CU. The image
decoding unit 50 splits the coding unit CU based 8r "split_coding_unit_flag" and so forth included in
the stream information, and advances to step ST173. [0219] In step ST173, the image decoding
unit 50 determines whether or not the coding unit CU to be decoded involves inverse quantization. In
the eventibat'the coslivty guie CULgRle encodewdivsd At calikeredinPerspfiahtizatbn using
guantization parameters is performed, the image decoding unit 50 advances to steg ST174, and in the

event of £tk Siterd inveige TR ATAEING qO&HtStioh hAHRESE nbPnEEERary, the
decodingﬁ%‘eﬁ_singfgé;? [39329 < 9&.-ent Ip,step %&7&5@@5@@9&&@@@ unit 50 determines

whether or not the size of the coding unit CU is "log2MIinQpUnitSiZe" or greater. In the event that the
size of the gedinganibeUngplogMin@pUnitdized of greater, ke injage degadinguinit 50 advances to

step ST175. Also, in the event that the size of the coding unit CU is not "log2MinQpUnitSize" or
greater, tpe imags deeoding unit 3teagvatestodtamsrigd fdg21the image
encoding device 10 advances to step ST149. The image
encoding device 10 compares the cost function value in the
event that the distinguishing information "gp explicit flag"
is set to "1" and the cost function value in the event that
the distinguishing information "gp explicit flag" is set to
ngn, for example. The image encoding device 10 sets the
value of the distinguishing information "gp explicit flag”
such that the encoding efficiency is higher based on the
comparison results. Also, in the event that the
distinguishing information "gp explicit flag" can be set by
the user, the image encoding device 10 sets the
distinguishing information "gp explicit flag" in accordance
“with user instructions.
[0192]

In step STi47, the image encoding device 10 generates
identification information. The image encoding device 10
selects a candidate from the selection candidates such that
the difference as to the guantization parameter of the
coding unit to be encoded is smallest at the information

generating unit 19 as described above, and takes this to be



In step ST175, the image decoding unit 50 determines whether or not distinguishing information
"gp_explicit_flag" is "1". In the event that the distinguishing information "gqp_explicit_flag" included in
the stream information is "1", and quantization parameters are to be predicted explicitly, the image
decoding unit 50 advances to step ST176. Also, in the event that the distinguishing information
"gp_explicit_flag" is "0" and quantization parameters are to be predicted implicitly, the image decoding
. unit 50 advances to step ST178. [0222] In step ST176, the image decoding unit 50 extracts the
index (ref_gp_block_index) from the stream inforrgation and advances to step ST177. [0223] In step
ST177, the image decoding unit 50 decides the - 100 - prediction quantization parameter dQP. The
image decoding unit 50 selects the quantization parameter based on the index (ref_gp_block_index)

from quanc{iﬁgyg8fg@rgﬁtegr%%g%?%%%%?ggig%tgest gggal %@ijg%%g %r}g&gag& evice 10, decides

the selected quantization p prediction quantization parameter dQP, and advances to
step ST1E[0224h ¢ dasiep SF8thenppge dacoding it 56 ipphcith-desides the prediction
guantization parameter dQP. The image decoding unit 50 predicts the quantization parameter with a
method egualtddtielirhags enspdingadeviceo10 . tasiforzamethctifor predicting theequalmtizihtion
parameter, a quantization parameter may be decided based on an order of priority decided

beforehari® f5FeSRHPRSAlsd- BstoTstitRANE O GUATZAREH hAFaRBIRESF fite s@Bttion
Candidateféhrgaa}%?&:t%%%'}.%%%Prrggiggﬂgggagg%aﬁa?@ Rala Eeea'fci':%rf%%g{ apetfiod of yeighting
i

quantizatlon P ameters o selection can ates In accordance wit Istance from the cu’rrent
block, and taking astachastisyalue.efaxeighted quagtizationsyametersas«a prediction quantization

parameter, or the like, may be used. The image decoding unit 50 predicts the quantization parameter
and advaseds:torstep SEIM®idate from the selection candidates where the
difference as to the quantization parameter of the coding
unit to be encoded is smallest, and takes this ag a
prediction quantization parameter. Further, the information
generating unit 19 takes the index (ref gp block index) of
the selected candidate tc be identification information for
selecting a prediction gquantization parameter from the
selection céndidates, and advances to step 87148,
[0193]
In step ST148, the image encoding device 10 includes
the identification information in the stream information.
The image encoding device 10 includes the identification
information generated in step ST1i47, and advances to step
5T7150.
[0194]}]
In step 8T149, the imagé encoding device 10 implicitly
decides a prediction guantization parameter dQP. That is to
say, the image encoding device 10 predicts a guantization

parameter with a method egqual to the image decoding unit 50.



[0225] - 101 - In step ST179, the image decoding unit 50 calculates the quantization parameter
QP of the current coding unit CU. The image decoding unit 50 obtains difference information
"gb_gp_delta" from the stream information, adds this difference information to the prediction
guantization parameter dQP, calculates the quantization parameter of the coding unit to be decoded,
and advances to step ST180. [0226] In step ST180, the image decoding unit 50 performs inverse
guantization of the coding unit. The image decoding unit 50 performs inverse quantization of the
coding unit using the decoded quantization paramgter. [0227]  Accordingly, the image decoding unit
50 can perform decoding of images using quantization parameters equal to the quantization
parameters used by the image encoding device. [0228] <7. Case of Software Processing>

As for a method for predicting the guantization parameter,
the prediction guantization parameters is decoded based on a
pricrity order decided beforehand, for example. Also, a
stochastic value of multiple candidate guantization
parameters may be taken as a prediction guantization
parameter. Further, a method of weighting guantization
parameters of the selection candidates in accordance with
.distance from the current block, and taking a stochastic
value of weighted guantization parameters as a prediction
quantization parameter, or the like, may be used. The image
encoding device 10 calculates the prediction quantization
parameter and advances to step ST150.

[0195]

In step ST150 the image encoding device 10 generates
difference information. The image encoding device 10
calculates the difference between the prediction
guantization parameter indicated by the identification
information generated in step ST147 and the quantization
parameter decided in step ST145, or the difference between
the prediction guantization parameter decided in step ST149
and the gquantization parameter decided in step ST145. The
image encoding device 10 generates difference information
indicating the calculated difference and advances to step
ST15%.

[0196]



The series of the processing described above may be performed by hardware, software, or a
combined configuration of both. In the case where processing by software is performed, a program in
which is recorded a processing sequence is installed in memory within a computer built into dedicated
hardware, and is executed. Alternatively, a - 102 - program may be installed in a general-purpose
computer by which various types of processing can be performed. [0229]  Fig. 29 is a diagram
exemplifying a schematic configuration of a computer device executing the above-described series of
processing by a program. A CPU 801 of the comfi#ter device 80 executes various types of processing
according to a program stored in ROM 802 or recorded in a recording unit 808. [0230]  Programs
which the CPU 801 executes, data, and so forth, are stored in the RAM 803 as appropriate. The CPU
801, ROM 802, and:=RAWN 803 afe mutisallyconaectetoda achuide804: 40231 i ncAndssut/output
interface 805 is also connected to the CPU 801 via the bus 804. An input unit 806 such as a touch

panel, kefBGard! ot fifcrophOHEaTRE iRBSaNd §h Hadb it TitB0 7 MEAE T o display or the
ke, are cpOegleddoune Gad iRl Aaellrhle () 80486854183 VaLYadyRs of processing in
t S

accordance with comman

includes the difference information generated in step STi51
and the distinguishing information "gp explilicit flag" used
in step ST146 in the stream information. The image encoding
device 10 includes the distinguishing information in one of,
for example, the sequence parameter set, picture parameter
set, slice header, or the like, and advances to step ST1h2.
[0197]

In step ST152, the image encoding device 10 performs
quantization of the coding unit CU. The image encoding
device 10 performs quantization of the coding unit using the
decided guantization parameter, and returns tc step ST141.
[0198]

Fig. 24 is an operation example in a case of implicitly
predicting quantization parameters, and Fig. 25 illustrates
a flowchart example in a case 0f explicitly predicting
guantization parameters. Note that a case of three
selection candidates is illustrated to facilitate
description.

[0199]

As illustrated in {A) in Pig. 24, the guantizaticn

parameter of the block to be encoded in the frame to be

encoded is, for example, "QP 0". Also, the three candidates



input from the input unit 806. The CPU 801 then outputs the results of processing to the output unit
807.[0232] The recording unit 808 connected to the input/output interface 805 is made up of a
hard disk for example, and - 103 - records programs which the CPU 801 executes, and various types
of data. A communication unit 809 communicates with external devices via cable or wireless
communication media such as networks like the Internet or local area networks, or digital broadcasting
or the like. Also, the computer device 80 may acquire programs via the communication unit 809 and
record in the ROM 802 or recording unit 808. [02 _ In the event that removable media 85 such as
a magnetic disk, optical disc, magneto-optical disk, or semiconductor memory or the like is mounted to
the drive 810, these are driven, and programs, data, and the like, recorded therein, are obtained. The

obtained programs and data are transferred to the R% 02 or RAM 803 or rec r% d unit 808 as
necessa {02 CFRS CPO 0T ToRTS SEART cxatutey arobfiim BENBIRG ThE:

above-desgiiped.saries pfpracessing, andperfrms:encoding processing.of #nage signals recorded in
the recording unit 808 or removable media 85 or imaging signals supplied via the communication unit
809, or degedingigrocessing:of stteanmvibtarmatiand the guantization parameter

"OP LS" of a decoded coding unit.

[0200]

In Fig. 25, in step 8Tlel the image encoding device 10
determines whether or not quantization parameters "QP A"

"QP B" can be referenced. In the event that the encoded
block adjacent to the left and encoded block adjacent above
are not blocks of a mode which dees not need inverse
guantization using guantization parameters to perform
decoding, e.g., skip mode or I _PCM mcde, or direct mode (CBP
(Coded Rlock Pattern} = 0} block, the image encoding device
10 determines that reference can be made and advances to
step ST162. Also, 1in the event that at least one of the
guantization parameter "QP A" and the guantization parameter
"QP B" is a mode which does not need inverse gquantization,
advances to step ST163.

[0201]

In step ST162, the image encoding device 10 takes the
average value of quantization parameters "QP_A" "QP B" to be
prediction quantization parameter dQP. That is to say, as
illustrated in (B} 1in Fig. 24, in the event that
guantization parameters "QP_A" "QP B" can be referenced, the

average value of the guantization parameters "QP A" "CP B"



[0235] <8. Case of Applying to Electronic Devices> Also, in the above, the H.264/AVC format has used
as - 104 - the encoding format/decoding format, but the present technology can be also applied to the
image encoding device/image decoding device which uses an encoding format/decoding format which
performs other motion prediction/compensation processing. [0236]  Furthermore, the present
technology can be applied to the image encoding device and image decoding device used at the time
of receiving stream information obtained by perfoning encoding processing, as with MPEG, H.26x or
the like, via network media such as satellite broadgasting, cable TV (television), the Internet, cellular
telephone, or the like, or at the time of processing on a storage medium such as an optical disc or
magnetic disk, and flash memory. [0237]  Next, description will be made regarding an electronic

gg\éfz ;)To ”\4; '. _tge +aQQyEBde+sciipe9 inage encoding dgvics, 10 5Qg dnage decoding device 50 have
gquantization parameter dQP.
fczo02]

In step 8T163, the image encoding device 10 determines
whether or not the guantization parameter "QP A" can be
referenced. In the event that the encoded block adjacent to
the left is not a mode where there is no need to perform
inverse quantization, the image encoding device 10
determineg that thig can be referenced, and advances to step
8T164. Also, in the event that the encoded block adjacent
to the left is a mode where there i1sg no need to perform
inverse guantization, the image encoding device 10
determines that this cannot be referenced, and advances to
step ST165.

[0203]

In step ST1l64, the image encoding device 10 takes the
guantization parameter "QP A" as the prediction guantization
parameter dQP. That is to say, in the event that the
guantization parameter "QP A" can be referenced and the
guantization parameter "QP B" cannot be referenced, as
illustrated in (C) in Fig. 24, the guantization parameter
"QP A" is taken as the prediction guantization parameter dQP.
Note that in Fig. 24 and the later-described Fig. 26, blocks
of a mode which do not need inverse quantization, i.e.,

blocks that cannot be referenced, are indicated by hatching.



[0238] Fig. 30 exemplarily illustrates a schematic configuration of a television apparatus to which
the present technology has been applied. The television apparatus 90 has an antenna 901, a tuner
902, a demultiplexer 903, a decoder 904, a video signal processing unit 905, a display unit 906, an
audio signal processing unit 907, a speaker 908, - 105 - and an external interface unit 909.
Furthermore, the television apparatus 90 has a control unit 910, a user interface unit 911 or the like.
[0239]  The tuner 902 performs demodulation by choosing a desired channel from the broadcast
wave signals received at the antenna 901, and-outputs the obtained stream to the demultiplexer 903.
[0240] The demultiplexer 903 extracts the packet of a video and audio of a program to be viewed
from a stream and outputs the data of extracted packets to the decoder 904. Also, the demultiplexer
903 suppligs: te;packets of data such as EPG (Electronic Program Guide) to the control unit 910. Note
that in the event that scrambling has been performed, descrambling is performed at a demultiplexer or
thelike.© - In step ST165, the image encoding device 10 determines

whether or not the quantiéation parameter "QP B" can be
referenced. In the event that the encoded block adjacent
above is not a mode where there is no need te perform
inverse guantization, the image encoding device 10
determines that this can be referenced, and advances to step
8T166. Also, in the event that the encoded block adijacent
above is a mode where there ig no need to perform inverse
guantization, the image encoding device 10 determines that
this cannct be referenced, and advances to step STle&7.

[0205]

In step ST1l66, the image encoding device 10 takes the
quantization parameter "QP B" as the prediction quantization
parameter dQP. That is to say, in the event that the
quantization parameter "QP B" can be referenced and the
quantization parameter "QP A" cannot be referenced, as
illustrated in (D) in Fig. 24, the guantization parameter
"QP B" is taken as the prediction quantization parameter dQP.
[0206]

In step 8T167, the image encoding device 10 takes the
quantization parameter "QP LS" as the prediction
quantization parameter dCP. As illustrated in (E) in Fig.
24, in the event that the encoded block adjacent to the left

and the encoded block adjacent above are a mode where there



[0241] The decoder 904 performs decoding process of the packet, and outputs the video data
generated by being subjected to decoding processing to the video signal processing unit 905 and
audio data to the audio signal processing unit 907. [0242] The video signal processing unit 905
performs video processing according to the noise reduction and user - 106 - settings, on the video
data. The video signal processing unit 905 generates video data for displaying programs on the
display unit 906 and image data according to processing based on applications supplied through the
network. Also, the video signal processing unit_90§4ge_nerates video data to display menu screens or
the like such as for selection of items, and superimposes this on video data of the program. The video
signal processing unit 905 generates driving signals based on the video data generated in this way

and drives the displa it 906. [Q243] . The display unit 906.drives a display device (e.g., liquid
crystal dislp?aﬁrl 8e\{/gf°cee¥ %Jr%hoe ﬁ?’e’% %rs[édlorhv e riverzr%’lg‘g1 Isﬁ%ﬁ%ﬁf?&r%%he% eogéllgrz%%llpzr%egégs%ng unit 905

so as to display,the.videe,of the.programy 02441« LIhe audiosignal Ryasessing HALY07 subjects the

audio data to predetermined processing such as noise reduction and performs audio output by
performingdarearwertimmpprocessing and amplifying processing of the audio data after processing
and supplying to the speaker 908.

i0207]

Fig. 26 illustrates another ocperation example of a case
of implicitly predicting quantization parameters. For
example, as illustrated in (E) in Fig. 24, in the event that
the encoded block adjacent to the left and the encoded block
adjacent above are a mode where there is no need to perform
inverse guantization, the predetermined quantization
parameter may be generated by increasing the number of
selection candidates. For example, as illustrated in (A) in
Fig. 26, the gquantization parameter "QP C" of the encoded
block adjacent to the upper right, the guantization
parameter "QP D" of the encoded block adjacent to the upper
left, and the gquantization parameter "QP E" of the encoded
block adjacent to the lower left, are added to the selection
candidates.

[0208]

In the event that the quantization parameters "QP C",
"OP D", and "QP _E" can be referenced as illustrated in (B)
in Fig. 26, the image encoding device 10 takes the average
value "(QP C + QP D + 1) / 2" of the guantization parameters
"QP C" and "QP D", or the median, as the prediction

gquantization parameter dQP.



[0245] The external interface unit 909 is an interface to be connected to external equipment or a
network, and performs data transmission and reception of such as video data or - 107 - audio data.
[0246]  The user interface unit 911 is connected to the control unit 910. The user interface unit 911
is configured of an operation switch or a remote control signal receiver or the like, and supplies
operation signals according to user operation to the control unit 910. [0247] The control unit 910 is
configured using a CPU (Central Processing Unit), memory or the like. The memory stores programs
to be executed by the CPU, and various data necggsary for the CPU to perform processing, EPG data,
data obtained via a network, and the like. The program stored in the memory is read out by the CPU at
a predetermined timing such as at the time of starting up the television apparatus 90 and is executed.
The CPU ﬁ8%glf each part so that the television apparatus 90 operates according to user operations
by executinga program. [0248]

In the event that the quantization parameters "QP C"
and "QP D" can be referenced as illustrated in {C) in Fig.
26, the image encoding device 10 takes the average value
"(QP C + QP. D + 1} / 2" of the guantization parameters
"QP C" and "QP D" as the prediction guantization parameter
dQP.

[0210]

In the event that the guantization parameters "QP D"
and "QP B" can be referenced as illustrated in (D) in Fig.
26, the image encoding device 10 takes the average value
"{QP D + QP E + 1) / 2" of the guantization parameters
"OP D" and "QP E" as the prediction quantization parameter -
dQP.

(02111

In the event that the guantization parameters "QP_C"
and "QP _E" can be referenced as illustrated in (E) in Fig.
26, the image encoding device 10 takes the average value
"(QP C + QP_E + 1) / 2" of the gquantization parameters
“QP C" and "QP_E" as the prediction quantization parameter
agP.

[06212]

In the event that the gquantization parameters "QP C",

"QP D", and "QP E" cannot be referenced as illustrated in

(F) in Fig. 26, the image encoding device 10 takes the



Note that with the television apparatus 90, a bus 912 is provided to connect a tuner 902, a
demultiplexer 903, a video signal processing unit 905, an audio signal processing unit 907, an external
interface unit 909 and a control unit 910. [0249] - 108 -  With the television apparatus thus
configured, the function of the image decoding device (image decoding method) of the present
application is provided to the decoder 904. Therefore, even if processing is performed in the image
encoding processing at the broadcasting station side to reduce the amount of code necessary for
transmitting quantization parameters, the televisiofgdevice can correctly restore the quantization
parameters and generate a decoded image. [0250] Fig. 31 exemplarily illustrates a schematic
configuration of the cellular telephone to which the present technology has been applied. The cellular

tebphon%f&éﬁ@§zation parameter "QP_LS" as the prediction
quantization parameter dQP. Note that Fig. 27 illustrates a
program for performing the operations of (B) through (D} in
Fig. 24 and (B) through (F} in Fig. 26.
{0213]

Also, in the event that the number of gquantization
parameters that can referenced is one, asg illustrated in (G)
through (I) in Fig. 26, this quantization parameter that can
referenced may be used as the prediction guantization
parameter dQP.

{0214]

Thus, the image encoding device 10 takes guantization
parameters such as encoded blocks spatially or temporally
adjacent to a block to be encoded as selection candidates,
and selects a prediction quantization parameter from the
selection candidates in accordance with a set guantization
parameter. Also, the image encoding device 10 generates
identification information for selecting a prediction
quantization parameter from the selection candidates.
Further, the image enceding device 10 generates difference
information indicating difference between the prediction
gquantization parameter and the guantization parameter set to
the block to be encoded. The image encoding device 10
includes the generated identification information and

difference information inr stream information. By performing



a communication unit 922, an audio codec 923, a camera unit 926, an image processing unit 927, a
multiplex separating unit 928, a record reproduction unit 929, a display unit 930, and a control unit 931.
These are connected each other through a bus 933. [0251]  Also, an antenna 921 is connected to
the communication unit 922, and a speaker 924 and microphone 925 are connected to the audio
codec 923. Furthermore, an operating unit 932 is connected to the control unit 931. [0252] The cellular
telephone 92 performs various operation - 109 - such as transmission and reception of audio signals,
transmission and reception of email and image daia, image shooting, data recording, and so forth, in
various modes such as audio call mode or data communication mode. [0253]

such processing, the difference between the guantization

parameter of the block to be encoded and the prediction

quantization parameter can be prevented from becoming a

great value. Accordingly, the image encoding device 10 can

improve encoding efficiency of quantization parameters.

[0215]

Also, in the event of implicitly prediction

guantization parameters, a prediction guantization parameter

equal to the image encoding device 10 can be used at the

image decoding device 50, without including identification

information to select prediction guantization parameters

from the selection candidates in the stream information.

Further, by including distinguishing information in the

stream information, explicit prediction of prediction

quaniization parameters and implicit prediction of

prediction guantization parameters can be adaptively

switched.

(02161

Fig. 28 is a flowchart for describing other operations

of the image decoding device. In step ST127 in Fig. 22, in

the event that determination is made that a coding unit to

decode exists, the image decoding unit 50 performs

processing from step ST171, and performs decoding of the

coding unit.

[0217]



In an audio call mode, audio signals generated at the microphone 925 are converted to audio data and
data compression at the audio codec 923 and supplied to the communication unit 922. The
communication unit 922 performs demodulation processing of the audio data and frequency
conversion processing of audio data to generate transmission signals. Also, the communication unit
922 supplies transmission signals to the antenna 921 so as to be transmitted to an unshown base
station. Also, the communications unit 922 performs amplification, frequency conversion processing,
and demodulation processing of reception signal’feceived at the antenna 921, and supplies the
obtained audio data to the audio codec 923. The audio codec 923 performs data decompression of
audio data and conversion to the analog audio signals and outputs to the speaker 924. [0254]

Also, in data coEmutieatic?ilthdde, inthe Eveatotisartstiiiay ehidil théhseris3iaa tde control unit 931

receives text data input by the operation of the 9 eratinlg unit 932 - 110 - and displays the input text to
the display thitgss: 4080, t%rﬁ?&ﬁ%ﬁit%ﬁ%ﬁﬂa ‘BmaP 55 9880%n user instructions at the

operating i 93¢ aqd, supplics to{he comuynicatian Yot 922. The communigationsypi922 performs

modulation processing, frequency conversion processing, and so forth of the email data, and transmits
the obtaingd transraissionignals fromdhe entenaed?2 L Atsarihe Commuuaeaten wiie822 performs
amplification, frequency conversion processing, and demodulation processing of the reception signals
received with thecantesnma 021y afdtrestoios thiecemalf date Thisenmall ddig iscabiligd to the display
unit 930 to display the contents of the email, [0255]  Note that the cellular telephone 92 may store

the recei\}é‘a%ngii-ﬁg%ﬁﬁas&&%e"rﬁgaﬁnTﬁﬁhgﬁeE@erng?ﬁ%%&ﬁ?ﬁﬁif’52& i é’%_fb?age_medium is
any storage medumwiigh is.teadablejutiaple. Far.exannlg, e starage madlim,ig semiconductor

memory suc n emory, remova edia such as a hard disk, a magnetic disk,
an MO digg, 28 opiicat disg, Y SB; e Moty -3 mermeny oakd, endpeiliker[02D8h, larthe @yent that

image data is transmitted in a data communication mode, the image data generated at the camera unit
926 is supphedto the-émagée protessingroit 827 aflvwes to step ST172.
[0218]

In step ST172, the image decoding unit 50 splits the
coding unit CU. The image decoding unit 50 splits the
coding unit CU based on "split coding unit_flag" and so
forth included in the stream information, and advances to
step STLI73.

[0219]

In step ST173, the image decoding unit 50 determines
whether or not the coding unit CU to be decoded involves
inverse quantization. In the event that the coding unit CU
to be encoded is a mode where inverse gquantization using
guantization parameters is performed, the image decoding
unit 50 advances to step ST174, and in the event of a block
where inverse quantization using guantization parameter is

not necegsary, the decoding processing ends.

[0220]



image processing unit 927 performs encoding processing of the image data and generates stream
information. [0257] The multiplex separating unit 928 multiplexes stream information generated at
the image processing unit 927 and audio data supplied from the audio codec 923 by a predetermined
format and supplies to the communication unit 922. The communication unit 922 performs
demodulation processing, frequency conversion processing, and the like of the multiplexed data, and
transmits the obtained transmission signals from the antenna 921. Also, the communication unit 922
performs amplification, frequency conversion procgssing, demodulation processing, or the like of the
reception signals received at the antenna 921, and restores the multiplexed data. This multiplexed
data is supplied to the multiplex separating unit 928. The multiplex separating unit 928 performs

separating of th%lqwuét@:oéex ggtfl agg 52%95%%[ I)hg%%t](r:%{% %\fgﬁnﬂ%ti%todtehg ei@rgl]%a eorocessing unit

927 and the audio data to the audio ¢o e image processing Gnit 927 performs
decoding pracessingef the encaded data, anduaeneraiesimage dataxl hig image data is supplied to

the display unit 930 to display the received image. The audio codec 923 converts - 112 - the audio
data into analggMudiocsignals arel"suppligs ¢e therspedkerid toveutputthetretéived andio. [0259]
of the coding unit CU is "log2MinQpUnitSize" or greater, the
image decoding unit 50 advances to step ST175. Also, in the
event that the size of the coding unit CU is not
"log2MinQpUnitSize" or greater, the image decoding unit 50
advances to step STL80.
f0221]

In step S8T175, the image decoding unit 50 determines
whether or not distinguishing information "gp explicit flag"
ig "1", In the event that the distinguishing information
"gp explicit flag" included in the stream information is "1V,
and guantization parameters are to be predicted explicitly,
the image decoding unit 50 advances to step ST176. Also, in
the event that the distinguishing information
"gp_explicit flag® 1s "0" and quantization parameters are to
be predicted implicitly, the image decoding unit 50 advances
to step ST178.

[0222]

In step ST176, the image decoding unit 50 extracts the
index {ref gp block index) from the stream information and
advances to step STL77.

[02231

In step 8T177, the image decoding unit 50 decides the



With the cellular telephone device thus configured, the image processing unit 927 has functions of the
present application. Accordingly, data can be reduced when performing encoding processing and
transmission of images, for example. Also, in the decoding processing of the received image, the
guantization parameters can be restored and a decoded image can be generated. [0260] Fig. 32
exemplarily illustrates a schematic configuration of the recording playback device to which the present
technology has been applied. The recording/playback device 94 records, for example, audio data and
video data of the received broadcast program 4o aorécerding medium, and provides the recorded data
to a user in a timing according to the instructions of the user. Also, an arrangement can be made such
that the recording/playback device 94 may acquire, for example, audio data and video data from other

devices, s$a-agiereeond anecorgingmedilinmewdieramre, amasrangegrerdeandiesmade such that
‘the recording/playback device 94 may perform, by decoding audio data and video data recorded in a
recordingumeédiubPteedpatimddedigsprytaibaddio deapirTontmonites@sliess. thel13 - [0261]  The
recording/playback device 94 has a tuner 941, an external interface unit 942, an encoder 943, an HDD

(Hard Disk'Bive) Urftio42P-aPiSic Kiriv 2 835 2 SERIRSF548- hafdcoa’r B3 24 685 (Bh-Screen
Display) yit 948, 3.60nMQl 414 349, and g.user,ptertace upit 950, 10260215 gevice 10,

decides the selected guantization parameter to be the
prediction guantization parameter dQP, and advances to step
ST179.

[0224]

In step ST178, the image decoding unit 50 implicitly
decides the prediction quantization parameter dQP. The
image decoding unit 50 predicts the quantization parameter
with a method equal to the image encoding device 10. As for
a method for predicting the guantization parameter, a
guantization parameter may be decided based on an order of
priority decided beforehand, for example. Also, a
stochastic value of gquantization parameters of the selection
candidates may be taken as a prediction guantization
parameter. Further, a method of weighting guantization
parameters of the selection candidates in accordance with
distance from the current block, and taking a stochastic
value of weighted guantization parameters as a prediction
guantization parameter, or the like, may be used. The image
decoding unit 50 predicts the quantization parameter and
advances to step ST179.

[0225]



The tuner 941 chooses a station of a desired channel from the broadcast signals received at an
unshown antenna. The tuner 941 outputs the encoded stream obtained by demodulating the reception
signals of the desired channel to the selector 946. [0263] The external interface unit 942 is
configured of at least any one of an 1IEEE1394 interface, a network interface unit, a USB interface, a
flash memory interface, and so forth. The external interface unit 942 is an interface to be connected to
an external device, network, memory card, or the like, and performs data reception of such as video
data and audio data to record. [0264] The enggder_943 perfosliLs encoding processing in a case
where video data and audio data supplied from the external interface unit 942 are not encoded by a
predetermined format and outputs stream information to the selector 946. - 114 - [0265] The HDD

gnit 944 reqorgjsﬁge Cé)gtergldgg% rsug@las i:pn% viedege%r Jhe r@ud{gﬁ VEI‘HQHS %iig:raTst %gher d_ata, or the
like, in a built-in har |s?, and also reads out these at the time opr ayback from the hard disk.

the quantization parameter QP of the current coding unit CU.

The image decoding unit 50 obtains difference information

"gb gp delta" from the stream information, adds this

difference information to the prediction quantization

parameter dQP, calculates the gquantization parameter of the

coding unit to be decoded, and advances to step ST180.

[02268]

In step 8T180, the image decoding unit 50 performs
inverse quantization of the coding unit. The image decoding
unit 50 performs inverse guantization of the coding unit
using the decoded guantization parameter.

[0227]

Accordingly, the image decoding unit 50 can perform
decoding of images using guantization parameters egual to
the quantization parameters used by the image encoding
device.

[0228]
<7. Case of Software Procegsings

The geries of the processing described above may be
performed by hardware, software, or a combined configuration
of both. In the case where processing by software is
performed, a program in which is recorded a processing
sequence is installed in memory within a computer built into

dedicated hardware, and is executed. Alternatively, a



[0266] The disk drive 945 performs recording or playback of the signals to a mounted optical disc. An
optical disc is, e.g., a DVD disc (DVD-Video, DVD-RAM, DVD-R, DVD-RW, DVD+R, DVD+RW or the
like) or a Blu-ray disk or the like. [0267]  The selector 946 selects, at the time of the recording of
video and audio, either stream from the tuner 941 or encoder 943, and supplies to either of HDD unit
944 and disk drive 945. Also, the selector 946 supplies, at the time of the playback of video and audio,
a stream output from the HDD unit 944 or disk drive 945 to the decoder 947. [0268] The decoder
947 performs decoding process of the stream._The,decoder 947 supplies the generated video data to
the OSD unit 948 by performing decoding processing. Also, the decoder 947 outputs the generated
audio data by performing decoding processing. [0269] The OSD unit 948 generates video data to

mSpbyrngg%gram may be installed in a general-purpose computer by
which various types of processing can be performed.
[0229]

Fig. 29 i1s a diagram exemplifying a schematic
configuration of a computer device executing the above-
described series of processing by a program. A CPU 801 of
the computer device 80 executes various types of processing
according to a program stored in ROM 802 or recorded in a
recording unit 808.

[0230]

Programg which the CPU 801 executes, data, and so forth,
are stored in the RAM 803 as appropriate. The CPU 801, ROM
802, and RAM 803 are mutually connected via a bus 804.
[0231]

An input/output interface 805 is also connected to the
CPU 801 via the bus 804. An input unit 806 such as a touch
panel, keybocard, mouse, microphone, or the like, and an
output ﬁnit 807 made up of a display or the like, are
connected to the CPU 801 as well. The CPU 801 executes
various types of processing in accordance with commands
input from the input unit 806. The CPU 801 then outputs the
results of processing to the output unit 807.

[c232]
The recording unit 808 connected to the input/output

interface 805 is made up of & hard disk for example, and



- 115 - screens or the like such as for the selection of items and superimposes this on the video data
output from the decoder 947, and outputs. [0270] The user interface unit 950 is connected to the
control unit 949. The user interface unit 950 is configured of an operation switch or a remote control
signal receiver or the like and supplies operation signals according to user operations to the control
unit 949. [0271]  The control unit 949 is configured using a CPU or memory. The memory stores a
program executed by CPU and necessary various data when the CPU performing processing. The
program stored in the memory is read out and-exegtited at a predetermined timing such as at the time
of start of the recording/playback device 94, by the CPU. The CPU controls each part so that the
recording/playback device 94 operates in accordance with user operation, by executing a program.

[0272] Wit he recarding{playhack dewice dpds ganfiqurad, fupgtions-ef thg.presgnt application are
provided to the encoder 943. Therefore, data amount can be reduced when performing encoding

processingyarkrecdrdiagof infagesriotekamplerAlsaiin the decodimg:piocgssingvatthe recorded
image, the quantization parameters can be restored and a - 116 -

external devices via cable or wireless communication media

such as networks like the Internet or local area networks,

or digital broadcasting or the like. Alsc, the computer

device 80 may acquire programs via the communication unit

809 and record in the ROM 802 or recording unit 808.

[0233]

In the event that removable media 85 such as a magnetic
disk, optical disc, magneto-optical disk, or semiconductor
memory or the like is mounted to the drive 810, these are
driven, and programs, data, and the like, recorded therein,
are obtained. The obtained programs and data are
transferred to the ROM 802 or RAM 803 or recorded unit 808
as necessary.

[0234]

The CPU 8C1 reads out and executes a program performing
the above-described series of processing, and performs
encoding processing of image signals recorded in the
recording unit 808 or removable media 85 or imaging signals
supplied via the communication unit 809, or decoding
processing of stream information.

[0235]
<8. Case of Applying to Electronic Devices>

Also, in the above, the H.264/AVC format has used as



decoded image can be generated. [0273] Fig. 33 exemplarily illustrates a schematic configuration of
an imaging apparatus to which the present invention has been applied. The imaging apparatus 96
images a subject so as to display the image of the subject on a display unit, and record this in a
recording medium as image data. [0274]  The imaging apparatus 96 has an optical block 961, an
imaging unit 962, a camera signal processing unit 963, an image data processing unit 964, a display
unit 965, an external interface unit 966, a memory unit 967, a media drive 968, an OSD unit 969, and a
control unit 970. Also, a user interface unit 971 isigannected to the control unit 970. Furthermore, the
image data processing unit 964 and external interface unit 966, memory unit 967, media drive 968,
OSD unit 969, and control unit 970 and so forth are connected via a bus 972. [0275] The optical

block 961ig copfigured-Qf afocysinadens fiaghragmamechanism; aadsasforth: The optical block 961
images an optical image of a subject on an imaging face of the imaging unit 962. The imaging unit 962
is configured:hainf)ag@Cirar B&Q@S smagesensdr, andsectiicalsigralsoding

device/image decoding device which ﬁses an encoding

format/decoding format which performs other motion

prediction/compensation processing.

[0236]

Furthermore, the present technology can be applied to
the image encoding device and image decoding device used at
the time of receiving stream information obtained by
performing encoding processing, as with MPEG, H.26x or the
like, wvia network media such as satellite broadcasting,
cable TV (televigion), the Internet, cellular telephone, or
the like, or at the time of processing on a storage medium
such as an optical disc or magnetic disk, and flash memory.
[0237]

Next, description will be made regarding an electronic
device to which the above-described image encoding device 10
and image decoding device 50 have been applied.

[0238]

Fig. 30 exemplarily iliustrates a schematic
configuration of a television apparatus to which the present
technology has been applied. The television apparatus 20
has an antenna 901, a tuner 902, a demultiplexer 903, a
decoder 904, a video gignal processing unit 205, a display

unit 906, an audio signal processing unit 907, a speaker 208,



- 117 - corresponding to the optical image are generated by photoelectric conversion and supplied to
the camera signal processing unit 963. [0276] The camera signal processing unit 963 performs
various kinds of camera signal processing such as KNEE correction and gamma correction, color
correction and the like, to the electrical signals supplied from the imaging unit 962. The camera signal
processing unit 963 supplies the image data after camera signal processing to the image data
processing unit 964. [0277] The image data processing unit 964 performs encoding processing of
the image data supplied from the camera signal grggessing unit 963. The image data processing unit
964 supplies the stream information generated by performing encoding processing to the external
interface unit 966 and media drive 968. Also, the image data processing unit 964 performs decoding

processingof the steam, pfe/mation supplied, from hg.extemal pledgeg unit 969 and media drive

968. The Image data processing unit supplies the génerated image data to the display unit 965 by
performing e£oding0ges5iAg: IS0 sthermage data pregessing-unit 964 gerfauns processing to

supply the image data supplied from the camera signal processing unit 963 to the display - 118 - unit
965, and processiag¢o superimpbdsedatdfordispay acquired from the OSD unit 969 onto the image
data and supply to the display unit 965.

[0239]

The tuner 202 performs demodulation by choosing a
desired channel from the broadcast wave signals received at
the antenna 901, and outputs the obtained stream to the
demultiplexer 903.

[0240]

The demultiplexer 903 extracts the packet of a video
and audio of a program to be viewed from a stream and
outputs the data of extracted packets to the decoder 304.
Also, the demultiplexer 903 supplies the packets of data
such as EPG (Electronic Program Guide) to the control.unit
$10. Note that in the event that scrambiing_has been
performed, descrambling is performed at a demultiplexer or
the like.

[0241]

The decoder 904 performs decoding process of the packet,
and outputs the video data generated by being subjected to
decoding processing to the video signal processing unit %05
and audic data to the audio signal processing unit 207.
[0242]

The video sgignal processing unit 905 performs video

processing according to the noise reduction and user



[0278] The OSD unit 969 generates data for display such as a menu screen or the icon made of
signs, text or shapes, and outputs to the image data processing unit 964. [0279] For example, the
external interface unit 966 is configured of USB input and output terminals, and in a case of performing
printing of the image, is connected to a printer. Also, a drive is connected to the external interface unit
966 according to need, and removable media such as a magnetic disk, optical disc, or the like is
mounted as appropriate, and a program read out therefrom is installed according to need.
Furthermore, the external interface unit 966 has afgtwork interface connected to a predetermined
network such as a LAN or the Internet. For example, according to the instructions from the user
interface unit 971, the control unit 970 reads out stream information from the memory unit 967 so as to

be suppligd {9 the ptherdeviges copnectad via a networki tam theexlarnghiptertace it 966. Also, the

control unit 970 acquires stream information and image data supplied from other devices via a
network, tirduglvihe exermah rderfaceiunit dskkD £966 &sas toydupply thig tatie imagehdata
processing unit 964. [0280]  For example, as for a recording medium driven by the media drive 968,
any removaisie Faadizwiticl? ke blerans witdisle ataOBE LB6d %W%&Wnc disk, an MO
disk, an optical disc, and semiconductor memaq W|th a r ordln ium, the kind of

r
removabl W@ﬁa@al@g%ﬁﬁ&ﬁ%ﬂa rﬁﬁ?B%lagﬁpté SR bg% JLTor mf, 5& & memory card.
ASarnaughgf%%Hé%t@%&ﬁ@@bﬁfﬂ3@§QQQQCEK%Ea@b@qggﬁggaggglbldeo data to

display menu screens or the like such as for selection of
itemg, and superimposes this on video data of the program.
The video signal processing unit 905 generates driving
signals based on the video data generated in this way and
drives the display unit 906.

[0243]

The display unit 906 drives a display device (e.g.,
liguid crystal display device or the like) based on the
driving signal from the video signal processing unit 905 so
as to display the video of the program.

[0244]

The audio signal processing unit 907 subjects the audio
data to predetermined processing such as noise reduction and
performs audic output by performing D/A converting
processing and amplifying processing of the audio data after
processing and supplying to the speaker $08.

[0245]

The external interface unit 209 is an interface to be

connected to external equipment or a network, and performs

data transmission and reception of such as video data or



Also, an arrangement may be made where the media drive 968 and recording medium are integrated
and, for example, are configured of a non-portable storage medium such as a built-in type hard disk
drive or SSD (Solid State Drive) or the like. [0282] The control unit 970 is configured using a CPU
memory, and so forth. The memory stores programs to be stored by the CPU, and various types of
data necessary for the CPU to perform processing. Programs stored in the memory are read out at
predetermined timing such as at the time of startup of the imaging device 96 by the CPU, and are
executed. The CPU controls each part so that opggations of the imaging - 120 - device 96 correspond
to user operations, by executing the program. [0283]  With the imaging device thus configured, the
image data processing unit 964 is provided with functions of the present application. Therefore, at the
time of e_nco%iﬁ adc‘raecording the imaged image to the memory unit 967 or a recording medium, the
amount of data fo be recorded can be reduced. Also, in the decoding processing of the recorded
image, the gyaatization parameters can be restored and a decoded image can be generated. [0284]

The user interface unit 911 is connected to the control
unit 910. The user interface unit 911 is coniigured of an
operation switch or a remote control signal receiver or the
like, and supplies operation signals according to user
operation to the control unit 910.

[0247]

The control unit 910 is configured using a CPU (Central
Processing Unit), memory or the like. The memory stores
programs to be executed by the CPU, and various data
necessary for the CPU to perform processing, EPG data, data
obtained via a network, and the like. The program stored in
the memory is read out by the CPU at a predetermined timing
such as at the time of starting up the television apparatus
90 and is executed. The CPU controls each part so that the
television apparatus 90 operates according to user
operations by executing a program.

[0248]

Note that with the television apparatus %0, a bus 912
is provided to connect a tuner 902, a demultiplexer 203, a
video signal processing unit 205, an audio signal processing
unit 907, an external interface unit 909 and a contreol unit
910.

{02491



Furthermore, the present technology is not to be interpreted as being restricted to the above-described
embodiments. The embodiments are disclosed exemplarily, and it is clearly understood that one
skilled in the art can accomplish modifications and a substitutions of the embodiments without
departing from the essence of the present technology. That is, the Claims should be taken into
consideration to determine the essence of the present technology. [0285]  Also, the image decoding
device and image encoding device according to the present technology may assume the following
configurations. - 121 - (1) An image decoding,device, including:  an information acquiring unit
configured to take quantization parameters of decoded blocks spatially or temporally adjacent to a
block to be decoded, as selection candidates, and extract, from stream information, difference

inforr_nation. i”qi%ﬁ'@ﬁ dtiE%r(_a@gg Eg;@j_tg apre -%S-%Pﬁ%tiéﬁﬂ% 8?’&‘?@1 E,gtalec efrom the selection
candidates; and = "a quantization paramete | :

[
alculating unit configlired to calculate, from the
predictionsgiipntization parapetar and the differapce inforaationmacgiuamizatiamgarameter of the block

to be decoded.
method) of the present application is provided to the
decoder 904. Therefore, even if processing is performed in
the image encoding processing at the broadcasting station
gide to reduce the amcunt of code necessary for transmitting
quantization parameters, the television device can correctly
restore the guantization parameters and generate a decoded
image.
[0250]

Fig. 31 exemplarily illustrates a schematic
configuration of the cellular telephone to which the present
technology has been applied. The cellular telephone 92 has
a communication unit 922, an audic codec 923, a caméra unit

- 926, an image processing unit 927, a multiplex separating
unit 928, a record reproduction unit 929, a display unit 930,
and a control unit 931. These are connected each other
through a bus 933.

[0281]

Also, an antenna 921 is connected to the communication
unit 922, and a speaker 924 and microphone 925 are counnected
to the audio codec 923. Furthermore, an operating unit 932
is connected to the contrel unit 931.

[0252]

The cellular telephone 92 performs various operation



(2) The image decoding device according to (1), wherein the quantization parameter calculating unit
sets to the prediction quantization parameter a quantization parameter in an order indicated by
identification information included in the stream information, with the adjacent decoded blocks in a
predetermined order. (3) The image decoding device according to (1), wherein the quantization
parameter calculating unit performs determination of selection candidates in an order set beforehand,
and sets the prediction quantization parameter based on the determination result. (4) The image
decoding device according to (1), wherein the quad#ization parameter calculating unit selects, based -
122 - on determination information included in the stream information, performing one or the other of
processing of setting to the prediction quantization parameter a quantization parameter in an order
‘indicated dydtientiicatianinforaation mctidesdaphd streah iafotmationgaad processing of
determining selection candidates in an order set beforehand and setting the prediction quantization
‘parametef HaBET bAThEHelIthinaRAPieseoR. of EBFife ARshc HESRIIRG BRvicé™REBrding to any
one of (1) through E_g( \{Xherein the léantizationg)aramger cgﬂculatin\g unit takes the selection
candidates; Ravi 6 fifed FSRIRE ﬁlaﬁxce%{l eE8ded biotks aP1ehdt BidtRs Where guantization

parameters are tedundantorblogkswhere ivgrse,auantization Lising quantization parameters is not

performed. (6) The image decoding device according to any one of (1) through (5), wherein, in the
event that{these is no selection candidate, the quantization parameter calculating unit takes a
guantization parameter of an initial value in a slice as the prediction quantization parameter. (7)

The image decobihgBleded tec6riing trasy oAt &t o1 thestrhs(6yamsaeirrtheadudritization

parameter oalcula}tling unit includes a quantization para eterggdated Igst in the selection candidates.
microphofe 925 are converted to audlo ta and data

compression at the audio codec 923 and supplied to the
communication unit 922. The communication unit 922 performs
demodulation processing of the audic data and freguency
conversion processing of audio data to generate transmission
signals. Also, the communication unit 922 supplies
tfansmission signals to the antenna 921 so as to be
transmitted to an unshown base gtation. Also, the
communications unit 922 performs amplification, freqguency
conversion processing, and demodulation processing of
reception signals received at the antenna 921, and supplies
the obtained audio data to the audio codec 9%23. The audio
codec 923 performs data decompression of audio data and
conversion to the analog audio signals and outputs to the
speaker 924.
[0254]

Also, in data communication mode, in the event of
performing email transmission, the control unit 931 receives

text datz input by the operation of the operating unit 932



- 123 - (8) The image decoding device according to any one of (1) through (7), wherein the
guantization parameter calculating unit calculates a quantization parameter of the block to be decoded
by adding difference which the difference information indicates to the prediction quantization
parameter. (9) An image encoding device, comprising: a control unit configured to set a
guantization parameter as to a block to be encoded;  an information generating unit configured to
take quantization parameters of encoded blocks spatially or temporally adjacent to a block to be
encoded, as selection candidates, select from theg sglection candidates a prediction quantization
parameter in accordance to the set quantization parameter, and generate difference information
indicating difference between the prediction quantization parameter and the set quantization

barametels; £l spad ehCedbounl sofigte o ipglide fhe flleraRge ndarmatian k,stream

information generated by performing encoding processing. of the block to be encoded, using the set
quantizatigppasameteys unikd) Ihe inwgeencedingndeviceiaceorging=te (9 wherein the information

generating unit selects a quantization parameter of which the difference as to the set quantization

parametet issthewmidliest, asthehsrediptivn ti12y ugbantzdioarphramiereries to the
communication unit 922. The communication unit 922 performs
modulation processing, freguency conversion processing, and
so forth of the email data, and transmits the obtained
transmission gignals from the antenna 9%921. Also, the
communication unit 922 performs amplification, frequency
conversion processing, and demodulation processing of the
reception signals received with the antenna 921, and
restores the email data. This email data is supplied to the
display unit 930 to display the contents of the email.
[0255]

Note that the cellular telephone 92 may store the
received email data in storage medium in the
recording/playback unit 929. The storage medium is any
storage medium which is readable/writeable. For example,
the storage medium is semiconductor memory such as RAM or
built-in flash memory, removable media such as a hard disk,
a magnetic disk, an MO disc, an optical disc, USB memory, a
memory card, or the like.

[0256]

In the event that image data is transmitted in a data

communication mode, the image data generated at the camera

unit 926 is supplied to the image processing unit %27. The



(11) The image encoding device according to (10), wherein the information generating unit generates
identification information indicating the order of blocks as to the selected quantization parameter, with
the adjacent encoded blocks in a predetermined order; and wherein the encoding unit includes the
identification information in the stream information. (12) The image encoding device according to
(11), wherein the information generating unit takes an order of array where priority is given to one of
an encoded block adjacent to the left side, an encoded block adjacent above, and an encoded block
temporally adjacent. (13) The image encodifg-élevice according to either of (11) or (12), wherein
the information generating unit can switch the order of array of adjacent encoded blocks. (14) The
image encoding device according to (9), wherein the information generating unit performs
determinativnasf setectionscarglidatés irPan opderiserbefeaRand ahdssliessshapradiction
guantization parameter based on the determination result. . _ (15) The image encoding device
according oo} RFE e ARSIARTRRGERFatig Grlis Cahabe 6 &8lecting between processing of
selecting ization parameter of which the difference as to the set quantization - 125 - parameter
is the smallest as the prediction quantization parameter, and processing of performing determination of

selection candidgiigs iR an opdesset bglorahand;ane selesting thea presietion-guantization parameter

based on the determination result, and generates determination
information generated at the image processing unit 927 and
audio data supplied from the audic codec 923 by a
predetermined format and supplies to the communication unit
922; The communication unit 922 performs demodulation
processing, frequency conversion processing, and the like of
the multiplexed data, and transmits the obtained
transmission signals from the antenna 921. Also, the
communication unit 9222 performs amplification, frequency
conversion processing, demodulation processing, or the like
of the reception signals received at the antenna 921, and
restores the multiplexed data. This multiplexed data is
supplied to the multiplex separating unit 928. The
multiplex separating unit 928 performs separating of the
multiplexed data, and supplies the stream information to the
image processing unit 927 and the audio data to the audic
codec 923,
(0258}

The image processing unit 927 performs decoding

processing of the encoded data, and generates image data.
This image data is supplied to the display unit 930 to

display the received image. The audioc codec 923 converts



information indicating the selected processing; and wherein the encoding unit includes the
determination information in the stream information. (16) The image encoding device according to
any one of (9) through (15), wherein the information generating unit takes the selection candidates,
having excluded from the adjacent encoded blocks at least blocks where quantization parameters are
redundant or blocks where quantization using quantization parameters is not performed. (17) The
image encoding device according to any one of (9) through (16), wherein, in the event that there is no
selection candidate, the infoimation generating uh#i generates difference information indicating
difference between a quantization parameter of an initial value in a slice, and the set quantization
parameters. (18) The image encoding device according to any one of (9) through (17), wherein
the |nforntat@nagsirematdﬁg:anmmtodudﬂsadqgaam@imnmambmmpﬂaﬁewiaku&sthéasettérmon

candidates. Industrial ZI)pllcablllty 126 - [0286]
speaker 924 to oufput the received audio.

[0259]

With the cellular telephone device thus configured, the
image processing unit 927 has functions of the present
application. Accordingly, data can be reduced when
performing encoding processing and transmission of images,
for ekample. Also, in the decoding processing of the
received image, the guantization parameters can be restored
and a decoded image can be generated.

[0260C]

Fig. 32 exemplarily illustrates a schematic
configuration of the recording plavyback device to which the
present technology has been applied. The recording/playback
device 94 records, for example, audic data and video data of
the received broadcast program to a recording medium, and
provides the recorded data to a user in a timing according
to the instructions of the user. Also, an arrangement can
be made such that the recording/playback device 94 may
acguire, for example, audic data and video data from other
devices, so as to record to a recording medium. Furthermore,
an arrangement can be made such that the recording/playback
device 94 may perform, by decoding audio data and video data
recorded in a recording medium to output image display and

audioc output on monitor devices.



With the image decoding device, image encoding device, and method thereof, according to this
technology, quantization parameters of encoded blocks spatially or temporally adjacent to a block to
be encoded are taken as selection candidates, and a prediction quantization parameter is selected
from the selection candidates in accordance to the set quantization parameter. Difference information
indicating difference between the prediction quantization parameter and the quantization parameters
set as to the block to be encoded is generated. Accordingly, the difference of quantization parameters
can be prevented from becoming a great value, encoding efficiency of quantization parameters
can be improved. Also, in a case of decoding stréam information where difference information is
included, a prediction quantization parameter is selected from quantization parameters of decoded
blocks spatially qr temporally adjacent to a block to be decoded, and a quantization parameter of the
block to b Od?egc/% ed is calculated from the prediction quantization parameter and the difference

infolmation. Acc%ng}g,c%%iﬁgty Efé(%%@l@t &ggggpei nfprmatign is ggperated, With dmproved

encoding efficiency of quantization parameters, in the event of decoding this stream info/ration the

quantizatieg parameters can hedestoted based anrthermpredietiorns guantzatienn- 124 rparameter and

difference information, and decoding processing can be correctly performed. Accordingly, this is

suitable fétietjuipménewhiehifanshiits/ecéiel sietneinfdrmatibnssttamedysddriorming encoding

in block increments, via network media such as satellite broadbcastin , cable TV, the Internet, cellular
r

telephoneS€ERGfe M andeqiipmentand TR Tike WhkthprbcE8sss thitten Btor2ge hittlia such as
optical dis&lsii@agggtic Qﬁ&saﬂ@ﬂé@em{)ﬁr‘%ﬁ% 5o forth. Refgrence Signs List [0287] 10 image

encoding device 11"A/D conversion unit
[02862]

The tuner 241 chooses a station of a desired channel
from the broadcast gignalg received at an unshown antenna.
The tuner 941 outputs the encoded stream obtained by
demodulating the reception signals of the desired channel to
the selector 946.

[0263]

The external interface unit 942 is configured of at
least any one of an IEEE1394 interface, a network interface
unit, a USE interface, a flash memory interface, and so
forth. The external interface unit %42 is an interxrface to
be connected to an external device, network, memcry card, or
the like, and performs data reception of such as video data
and audio data to record.

[0264]

The encoder 943 performs encoding processing in a case
where video data and audio data supplied from the external
interface unit 942 are not encoded by a predetermined format

and outputs stream information to the selector 946.
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[0265]

The EDD unit.944 records the content data such as the
video or the audio; varioug programs, other data, or the
like, in a bullt-in hard disk, and alsc reads out these at
the time of playback from the hard disk.

[0268]

The disk drive 945 performs recording or playback of
the signals to a mounted optical disc. An optical disc ig,
e.g., a DVD disc (DVD-Video, DVD-RAM, DVD-R, DVD-RW, DVD+E,
DVD+RW or the like} or a Blu-ray disk or the like.

[0267]

The selector 946 gelects, at the time of the recording
of video and audio, either stream from the tuner 941 or
encoder 943, and supplies to either of HDD unit 944 and disk
drive 945. Also, the selector 946 supplies, at the time of
the plavyback of video and audio, a stream output from the
HDD unit 944 or disk drive 945 to the decoder 947.

[0268]

The decoder 947 performs decoding process of the stream.
The decoder 947 supplies the generated videco data to the 0SD
unit 948 by performing decoding processing. Also, the
decoder 947 outputs the generated audio data by performing
decoding processing.

[0269]

The 0SD unit 948 generates video data to display menu
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screens or the like such as for the selection of items and
superimposes this on the video data output from the decoder
947, and outpuis.

[0270]

The user interface unit 950 is connected to the control
unit 949. The user interface unit 950 is configured of an
operation switch or a remote control signal receiver or the
like and supplies coperation signals according to user
operaticng to the control unit 949.

[c271]

The control unit 949 is configured using a CPU or
memory. The memory stores a program executed by CPU and
necessary various data when the CPU performing processing.
The program stored in the memory.is read out and executed at
a predetermined timing such as at the time of start of the
recording/playback device 94, by the CPU. The CPU controls
each part so that the recording/playback device %4 operates
in accordance with user operation, by executing a program.
[0272]

With the recording/playback device thus configured,
functions of the pregent application are provided to the
encoder 943. Therefore, data amount can be reduced when
performing enceding processing and recording of images, for
example. Also, in the decoding processging of the recorded

image, the quantization parameters can be restored and a
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decoded image can be generated.
[0273]

Fig. 33 exemplarily illustrates a schematic
configuration of an imaging apparatus to which the present
invention has been applied. The imaging apparatus 96 images
a subject so as to display the image of the subject on a
display unit, and record this in a recording medium as image
data.

[0274]

The imaging apparatus 96 has an optical biock 961, an
imaging unit 962, a camera signal processing unit 963, an
image data processing unit 964, a display unit 965, an
external interface unit 966, a memory unit 967, a media
drive 968, an 08D unit 969, and a control unit 870. Also, a
user interface unit 971 is connected to the control unit 970.
Furthermore, the image data processing unit 964 and external
interface unit 966, memory unit 967, media drive 968, 0OSD
unit 969, énd control unit 97C and so forth are connected
via a bus 972.

[0275]

The optical block 961 is configured of a focusing lens,
diaphragm mechanism, and so forth. The optical bklock 961
images an optical image of a subject on an imaging face of
the imaging unit 962. The imaging unit 962 is configured

using a CCD or CMOS image sensor, and electrical signals



592 quantization parameter memory unit - 129 - CLAIMS [Claim 1] An image decoding device,
comprising: an information acquiring unit configured to take quantization parameters of decoded
blocks spatially or temporally adjacent to a block to be decoded, as selection candidates, and extract,
from stream information, difference information indicating difference as to a prediction quantization
parameter selected from the selection candidates; and a quantization parameter calculating unit
configured to calculate, from the prediction quantization parameter and the difference information, a
quantization parameter of the block to be decqdeg, {Claim 2] The image decoding device
according to Claim 1, wherein the quantization parameter calculating unit sets to the prediction
guantization parameter a quantization parameter in an order indicated by identification information

included ig {he staminformagiopy, with b adiacent decaded blogks ina grgiptermined order.

photoelectric conversion and supplied to the camera signal
processing unit 963. |
[0276]

The camera signal processing unit 963 performs various
kinds of camera signal processing such as KNEE correction
and gamma correction, color correction and the like, to the
electrical signals supplied from the imaging unit 962. The
camera signal processing unit 963 supplies the image data
after camera signal processing to the image data processing
unit 964.

[0277]

The image data processing unit 964 performs encoding
processing of the image data supplied from the camera signal
processing unit 963. The image data processing unit 964
supplies the stream information generated by performing
encoding processing to the external interface unit 966 and
media drive 968. Also, the image data processing unit 964
performs decoding processing of the stream information
supplied from the external intexface unit 966 and media
drive 968. The image.data processing unit 964 supplies the
generated image data to the display unit %65 by performing
decoding processing. Also, the image data processing unit
964 performs processing to supply the image data supplied

from the camera signal processing unit 963 to the display



[Claim 3] The image decoding device according to Claim 1, wherein the quantization parameter
calculating unit performs determination of selection candidates in an order set - 130 - beforehand, and
sets the prediction quantization parameter based on the determination result. [Claim 4]  The image
decoding device according to Claim 1, wherein the quantization parameter calculating unit selects,
based on determination information included in the stream information, performing one or the other of
processing of setting to the prediction quantization parameter a quantization parameter in an order
indicated by identification information included_in-thg stream information, and processing of
determining selection candidates in an order set beforehand and setting the prediction quantization
parameter based on the determination result. [Claim 5]  The image decoding device according to
Claim 1, wher,girbtgg quanciization arameter calculatin unétstgk%% gée %elgct(ilon calrédidates, having

excluded fom the adja%éln c?belé%%eﬁ%}gg(staot |IEast Blocks where quan i%atlonlf)’grarﬁ/eters are

redundant, egblogks Whese inviesse gHantization dising geantization pasametess isaot performed.
supply to the display unit 9265.
[c278]

The 08D unit 969 generates data for display such as a
menu screen or the icon made of gigns, text or shapes, and
outputs to the image data processing unit 964.

[0279]

For example, the external interface unit 966 is
configured of USB input and output terminals, and in a case
of performing printing of the image, is connected to a
printer. Also, a drive is connected to the external
interface unit 966 according to need, and removable media
such as a magnetic disk, optical disc, or the like is
mounted as appropriate, and a program read out therefrom is
ingstalled according tc need. Furthermore, the external
interéace unit 966 has a network interface connected to a
predetermined network such as a LAN or the Internet. For
example, according to the instructions from the user
interface unit 971, the control unit 970 reads out stream
information from the memory unit 967 sc as to be supplied to
the other devices connected via a network from the external
interface unit 966. Algc, the control unit 970 acquires
stream information and image data supplied from other

devices via a network, through the external interface unit



[Claim 6] The image decoding device according to Claim 1, wherein, in the event that there is no
selection candidate, the quantization parameter calculating unit takes a quantization - 131 - parameter
of an initial value in a slice as the prediction quantization parameter. [Claim 7] The image decoding
device according to Claim 1, wherein the quantization parameter calculating unit includes a
guantization parameter updated last in the selection candidates. [Claim 8] The image decoding
device according to Claim 1, wherein the quantization parameter calculating unit calculates a
quantization parameter of the block to be decadeg;ky adding difference which the difference
information indicates to the prediction quantization parameter. [Claim 9]

966, so ag to supply this to the image data processing unit
9¢c4.
10280]

For example, as for a recording medium driven by the
media drive 968, any removable media which is readable and
writable may be used, such as a magnetic disk, an MC disk,
an optical disc, and semiconductor memory. Also, with a
recording medium, the kind of removable media is also
optional, and may be a tape device, may be a disk or may be
a memory card. As a matter of course this may be a non-
contact IC card oxr the like.

[0281]

Also, an arrangement may be made where the media drive
968 and recording medium are integrated and, for example,
are configured of a non-portable storage medium such as a
built-in type hard digk drive or SSD (Solid State Drive) or
the like.
fo2821

The controcl unit 970 is configured using a CPU memory,
and szo forth. The memory stores programs to be stored by
the CPU, and various types of data necessary for the CPU to
perform processing. Programs stored in the memory are read
out at predetermined timing such as at the time of startup
of the imaging device 96 by the CPU, and are executed. The

CPU controls each part so that operations of the imaging



An image decoding method, comprising: a process of taking quantization parameters of decoded
blocks spatially or temporally adjacent to a block to be decoded, as selection candidates, and
extracting, from stream information, difference information indicating difference as to a prediction
guantization parameter selected from the selection candidates; and a process of calculating, from
the prediction quantization parameter and the difference information, a quantization parameter of the
block to be decoded. [Claim 10] - 132 - An image encoding device, comprising: a control unit
configured to set a quantization parameter as to azock to be encoded,; an information generating
unit configured to take quantization parameters of encoded blocks spatially or temporally adjacent to a
block to be encoded, as selection candidates, select from the selection candidates a prediction

quantizatigg-parameterdn aceardange te the set wggﬂ%ggrw@&q&g%@e@%difference
information indicating difference between the prediction quantization parameter and the set
guantizationggarameters; and an encoding unit configured to include the difference information in
stream information generated by performing encoding processing of the block to be encoded, using
the set qubt#igation parameter.

With the imaging device thus configured, the image data
processing unit %64 1s provided with functions of the
present application. Therefore, at the time of encoding and
recording the imaged image toc the memory unit 967 or a
recording medium, the amount of data to be recorded can be
reduced. Also, in the decoding processing of the recorded
image, the quantization parameters can be restored and a
decoded image can be generated.

[0284]

Furthermore, the present technology is not to be
interpreted as being restricted to the sbove-described
embodiments. The embodiments are disclosged exemplarily, and
it is clearly understood that one skilled in the art can
accomplish modifications and a substitutions of the
embodiments without departing from the essence of the
present technology. That is, the Claims should be taken
into consideration to determine the essence of the present
technology.

[6285]

Also, the image decoding device and image encoding

device according to the present technology may assume the

following configurations.



[Claim 11] The image encoding device according to Claim 10, wherein the information generating
unit selects a quantization parameter of which the difference as to the set quantization parameter is
the smallest, as the prediction quantization parameter. [Claim 12] The image encoding device
according to Claim 11, wherein the information generating unit generates identification information
indicating the order of blocks - 133 - corresponding to the selected quantization parameter, with the
adjacent encoded blocks in a predetermined order;  and wherein the encoding unit includes the
identification information in the stream informatiop; f[Claim 13]  The image encoding device
according to Claim 12, wherein the information generating unit takes an order of array where priority is
given to one of an encoded block adjacent to the left side, an encoded block adjacent above, and an

encoded block temporally adiaceniz IClaildl qevice, including:

an information acquiring unit configured to take
quantization parameters of decoded blocks spatially or
temporally adjacent to a block to be decoded, as selection
candidates, and extract, from‘stream information, difference
information indicating difference as to a prediction
quantization parameter selected from the selection
candidates; and

a guantization parameter calculaﬁing unit configured to
calculate, from the prediction gquantization parameter and
the difference information, a quantization parameter of the
block to be decoded.

(2) The image decoding device according to (1), wherein
the quantization parameter calculating unit sets to the
prediction guantization parameter a gquantization parameter
in an order indicated by identification information included
in the stream information, with the adjacent decoded blocks
in a predetermined order.

(2} The image decoding device according to (1), wherein
the gquantization parameter calculating unit performs
determination of selection candidates in an oxder set
beforehand, and sets the prediction gquantization parameter
based on the determination result.

(4) The image decoding device according te (1), wherein

the guantization parameter calculating unit selects, based



The image encoding device according to Claim 12, wherein the information generating unit can switch
the order of array of adjacent encoded blocks. [Claim 15]  The image encoding device according to
Claim 10, wherein the information generating unit performs determination of selection candidates in an
order set beforehand, and selects the prediction quantization parameter based on the determination
result. [Claim 16] The image encoding device according to Claim 10, wherein the information
generating unit is capable of selecting between processing of selecting a quantization parameter of
which the difference as to the set quantization- - 132 -parameter is the smallest as the prediction
guantization parameter, and processing of performing determination of selection candidates in an
order set beforehand and selecting the prediction quantization parameter based on the detelaination
result, ang,genetaies deerminaticirisfermation indicatiag:theiseleeted preeessing;  and wherein the

encoding unit includes the determination information in the stream information. [Claim 17]
information, performing one or the other of processing of
setting to the prediction gquantization parameter a
gquantization parameter in an order indicated by
identification information included in the stream
information, and processing of determining selection
candidates in an order set beforehand and setting the
prediction guantization parameter based on the determination
result.

(5) The image decoding device according to any one of
(1) through (4), wherein the gquantization parameter
calculating unit takes the selection candidates, having
excluded from the adijacent decocded blocks at least blocks
where quantization parameters are redundant or blocks where
inverse gquantization using quantization parameters is not
performed.

{6) The image decoding device according to any one of
(1) through (5), wherein, in the event that thexe is no
gselection candidate, the quantization parameter calculating
unit takes a guantization parameter of an initial value in a
gslice as the prediction guantization parameter.

(7} The image decoding device according te any one of
{1) through (&), wherein the guantization parameter
calculating unit includes a guantization parameter updated

last in the selection candidates.



The image encoding device according to Claim 10, wherein the information generating unit takes the
selection candidates, having excluded from the adjacent encoded blocks at least blocks where .
guantization parameters are redundant or blocks where quantization using quantization parameters is
not performed. [Claim 18] The image encoding device according to Claim 10, wherein, in the event
that there is no selection candidate, the information generating unit generates difference information
indicating difference between a quantization parameter of an initial value in a slice, and the set
guantization parameters. [Claim 19] The irnaqez§ngoding device according to Claim 10, wherein
the information generating unit includes a - 135 - quantization parameter updated last in the selection
candidates. [Claim 20] An image encoding method, comprising:

(8) The image decoding device according to any one of
(1) through (7), wherein the guantization parameter
calculating unit calculates.a guantization parameter of the
block to be decoded by adding difference which the
difference information indicates to the prediction
guantization parameter.

(9) An image encoding device, comprising:

a control unit configured to set a quantization
parameter as to a block to be encoded;

an information generating unit configured to take
guantization parameters of encoded blocks spatially or
temporally adjacent to a block to be encoded, as selection
candidates, select from the selection candidates a
prediction guantization parameter in accordance to the set
gquantization parameter, and generate difference information
indicating difference between the prediction quantization
parameter and the set guantization parameters; and

an encoding unit configured to include the difference
information in stream information generated by performing
encoding processing of the block to be encoded, using the
set guantization parameter.

(10) The image encoding device according to (9},
wherein the information generating unit selects a
quantization parameter of which the difference as to the set

quantization parameter is the smallest, as the prediction



a process of setting a quantization parameter as to a block to be encoded; a process of taking
guantization parameters of decoded blocks spatially or temporally adjacent to a block to be decoded,
as selection candidates, selecting from the selection candidates a prediction quantization parameter in
accordance to the set quantization parameter, and generating difference information indicating
difference between the prediction quantization parameter and the set quantization parameters; and

a process of including the difference information in stream information generated by performing
encoding processing of the block to be encoded, using the set quantization parameter.

guantization parameter.

{11) The image encoding device according to (10),
wherein the information generating unit generates
identification information indicating the order of blocks asg
to the selected quantization parameter, with the adjacent
encoded blocks in a predetermined order;

and wherein the encoding unit includes the
identification information in the stream information.

{12) 'The image encoding device according to (11},
wherein the information generating unit takes an order of
array where priority is given to one of an encoded block
adjacent to the left side, an encoded block adjacent above,
and an encoded block temporally adjacent.

{13) The image encoding device accordiﬁg to either of
{(11) or {12), wherein the information generating unit c<an
switch the order of array of adjacent encoded blocks.

(14) The image encoding device according to (9),
wherein the information generating unit performs
determination of selection candidates in an order set
beforehand, and selects the prediction'quantization
parameter based on the determination result.

(15) The image encodinﬁ device according to (9},
wherein the information generating unit is capable of
selecting between processing of selecting a quantization

parameter of which the difference as to the set quantization
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parameter is the smallest as the prediction gquantization
parameter, and processing of performing determination of
selection candidates in an order set beforehand and
selecting the prediction quantization parameter based on the
determination resgult, and generates determination
information indicating the selected processing;

and wherein the encoding unit includes the
determination information in the stream information.

(16) The image encoding device according to any one of
(9) through (15), wherein the information generating unit
takes the selection candidateg, having excluded from the
adjacent encoded blocks at least blocks where guantization
parameters are redundant or blocks where guantization using
guantization parameters is not performed.

(17) The image encoding device according to any one of
(9} through (16), wherein, in the event that there is no
selection candidate, the information generating unit
generates difference information indicating difference
between a quantization parameter of an initial value in a
slice, and the set guantization parameters.

(18} The image encoding device according to any one of
(9) through (17), wherein the information generating unit
includes a guantization parameter updated last in the
selection candidates.

Industrial Applicability
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[0286]

With the image decoding device, image encoding device,
and method thereof, according to this technology,
guantization parameters of encoded blocks spatially or
temporally adjacent to a block to be encoded are taken as
selection candidates, and a prediction guantization
parameter is selected from the selection candidates in
accordance to the set guantization parameter. Difference
information indicating difference between the prediction
quantization parameter and the guantization parameters set
as tc the block to be encoded is generated. Accordingly,
the difference of guantization parameters can be prevented
from becoming a great value, and encoding efficiency of
guantization parameters can be improved. Also, in a case of
decoding stream information where difference information is
included, a prediction quantization parameter is selected
from quantization parameters of decoded blocks spatially or
temporally adjacent to & block to be decoded, and a
guantization parameter of the block to be decoded is
calculated from the prediction guantization parameter and
the difference information. Accordingly, even in the event
that stream information is generated with improved encoding
efficiency of quantization parameters, in the event of
decoding this stream information the guantization parameters

can be restored based on the prediction gquantization
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parameter and difference information, and decoding
procegsing can‘be correctly performed. Accordingly, this is
sultable for eguipment which transmits/receives stream
information obtained by performing encoding in block
increments, via network media such as satellite broadcasting,
cable TV, the Internet, cellular telephones, and the like,
and eguipment and the like which processes this on storage
media such as optical discs, magnetic disks, flash memory,
and so forth.
Reference Signg List
{0287]

10 image encocding device

11 A/D conversion unit

12, 57 screen rearranging buffer

13 subtracting unit

14 orthogonal transform unit

15 guantization unit

16 Jlossless encoding unit

17, 51 storage buffer

18 rate control unit

19 information generating unit

21, 53 inverse guantization unit

22, 54 inverse orthogonal transform unit

23, 5% adding unit

24, 56 deblocking filter



- 128 -

26, 61 frame memory

31, 71 intra prediction unit

32 motion prediction/compensation unit

33 prediction image/optimal mode selecting unit
50 image deccoding device

52 lossless decoding unit

58 D/A converting unit

59 quantization parameter calculating unit
62, 73 selector |

72 motion compensation unit

80 computer device

90 televigion apparatus

92 cellular telephone

94 recording/plavback device

96 imaging apparatus

191 gquantization parameter memory unit

192 difference computing unit

521 computing unit

582 guantization parameter memory unit
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CLAIMS
[Claim 1]

An image decoding device, comprising:

an information acguiring unit configured to take
gquantization parameters of decoded blocks spatially or
temporally adjacent to a block to be decoded, as selection
candidates, and extract, from stream information, difference
information indicating difference as to a prediction
Quéntization parameter selected from the selection
candidates; and

a gquantization parameter calculating unit configured to
calculate, from the predictioﬁ gquantization parameter and
the difference information, a quantization parameter of the
block to be decoded.

[Claim 2]

The image decoding device according to Claim 1, wherein
the guantization parameter calculating unit sets to the
prediction guantization parameter a guantization parameter
in an order indicated by identificaticn information included
in the sgtream information, with the adjacent decoded blocks
in a predetermined order.

[Ciaim 3]

The image decoding device according teo Claim 1, wherein

the gquantization parameter calculating unit performs

determination of sgselection candidates in an order set
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beforehand, and sets the prediction quantization parameter
based on the determination result.
[Claim 4]

The image decoding device according to Claim 1, wherein
the gquantization parameter calculating unit selects, based
on determination information included in the stream
information, performing one or the other of processing of
setting to the prediction guantization parameter a
guantization parameter in an order indicated by
identification information included in the stream
information, and processing of determining selection
candidates in an order set beforehand and setting the
prediction guantization parameter based on the determination
result.

[Claim 5]

The image decoding device according to Claim 1, wherein
the quantization parameter calculating unit takes the
selection candidates, having excluded from the adjacent
deccoded blocks at least blocks where guantization parameters
are redundant or blocks where inverse guantization using
guantization parameters is not performed.

[Claim 6]
The image deccding device according to Claim 1, wherein,
in the event that there ig no selection candidate, the

guantization parameter calculating unit takes a quantization
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parameter of an initial value in a slice as the prediction
quantization parameter.
[Claim 7]

The image decoding device according to Claim 1, wherein
the gquantization parameter calculating unit includes a
guantization parameter updated last in the selection
candidates.

[Claim 8}

The image decoding device according to Claim 1, wherein
the quantization parameter calculating unit calculates a
quantization parameter of the block to be decoded by adding
difference which the difference information indicates to the
prediction guantization parameter.

[Claim 9]

An image decoding method, comprising:

a process of taking guantization parameters of decoded
blocks spatially or temporally adjacent to a block to be
decoded, as selection candidates, and extracting, from
gtream information, difference information indicating
difference as to a prediction guantization parameter
selected from the selection candidates; and

a procesg of calculating, from the prediction
quantization parameter and the difference information, a
guantization parameter of the block to be decoded.

[Claim 10)



- 132 -

An image encoding device, comprising:

a control unit configured to set a guantization
parameter ag to a block to bé encoded;

an information generating unit configured to take
gquantization parameters of encoded blocks spatially or
temporally adjacent to a block to be encoded, as selection
candidates, select from the selection candidates a
prediction guantization parameter in accordance to the set
guantization parameter, and generate difference information
indicating difference between the prediction quantization
parameter and the set gquantization parameters; and

an encoding unit configured to include the difference
information in stream information generated by performing
encoding processing of the block to be encoded, using the
set quantization parameter.

[Claim 11]

The image encoding device according to Cilaim 10,
wherein the information generating unit selects a
quantization parameter of which the difference as to the set
guantization parameter is the smallest, as the prediction
quantization parameter.

[Claim 12]

The image encoding device according to Claim 11,

wherein the information generating unit generates

identification information indicating the order of blocks
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corresponding to the selected quantization parameter, with
the adjacent encoded blocks in a predetermined order;

and wherein the encoding unit includes the
identification information in the stream informatiomn.
[Claim 13}

The image encoding device according to Claim 12,
wherein the information generating unit takes an order of
array where priority is given to one of an encoded block
adjacent to the left side, an encoded block adjacent above,
and an encoded block temporally adjacent.

[Claim 14]

The image encoding device according to Claim 12,
wherein the information generating unit can switch the order
of array of adjacent encoded blocks.

[Claim 15] |

The image encoding device according to Claim 10,
wherein the information generating unit performs
determination of selection candidates in an order set
beforehand, and selects the prediction quantization
parameter based on the determination result.

[Claim 16]

The image encoding device according to Claim 10,
wherein the information generating unit is capable of
selecting between processing of selecting a gquantization

parameter of which the difference as to the set quantization
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parameter is the smallest as the prediction guantization
parameter, and processing of performing determination of
selection candidates in an order set beforehand and
selecting the prediction quantization parameter based on the
determination result, and genevates determination
information indicating the selected processing;

and wherein the encoding unit includesg the
determination informaticn in the stream information.

[Claim 17]

The image encoding device according to Claim 10,
wherein the information generating unit takes the selection
candidates, having excluded from the adjacent encoded blocks
at least blocks where guantization parameters are redundant
or blocks where guantization using quantization parameters
is not performed.

[Claim 18]

The image encoding device according to Claim 10,
wherein, in the event that there igs no selection candidate,
the information generating unit generates difference
information indicating difference between a guantization
parameter of an initial value in a slice, and the set
guantization parameters.

[Claim 19]
The ilmage encoding device according to Claim 10,

wherein the information generating unit includes a
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quantization parameter updated lasgt in the gelection
candidates.
[Claim 20]

An image encoding method, comprising:

a process of setting a gquantization parameter as to a
block to be encoded;

a process of taking gquantization parameters of decoded
blocks spatially or temporally adjacent to a block to be
decoded, as gelection candidates, selecting from the
selection candidates a prediction quantization parameter in
acéordance to the set guantization parameter, and generating
difference information indicating difference between the
prediction guantization parameter and the set guantization
parameters; and

a process of including the difference information in
stream information generated by performing encoding
processing of the block to be encoeded, using the set

quantization parameter.



