DESCRIPTION

Title of Invention: IMAGE DECODING DEVICE, IMAGE ENCODING

DEVICE, AND METHOD THEREOF

Technical Field
[ooo1]

The present technology relates to an image decoding
device, image encoding device, and a method thereocf. More
particularly, encoding efficiency of guantization parameters
is improved.

Background art
foooz]

In recent vears, 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
transform such as discrete cosine transform or the like and
motion compensation, both in broadcasting and general
households.

[0003]

In particular, MPEG2 (IS0 / IEBC 13818-2) is defined as

a general-purpose image encoding format, and has widely been

employed now by a broad range of applications for



professional usage.and for consumer usage. By employving the
MPEG2 compression format, a code amount (bit rate) of 4
through 8 Mbps is alleocated 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 resoclution having 1920 x
1088 pixels, whereby high compression and good image guality
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 ig
reguired for encoding and decoding therecf, and has become
an international Standard called H.264 and MPEG-4 Part 10
(hereinafter written as “"H.264/2VC (Advanced Video Coding) ™).
[0005]

With this MPEG and J.264/AVC, at the time of guantizing
macroblocks, the size of guantization steps can be changed
s0 that the compression rate is constant. Also, with MPEG,
guantization parameters pyroportionate 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 quantization step doubles. In MPEG and H.264/AVC,



guantization parameters are encoded (see PTL 1).
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[0006]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2006-094081
Summary of Invention
Technical Problem
[0007]

Now, with encoding processing of gquantization
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 Ehe head macroblock of the slice. Subseguently,
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
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 is 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 ig great asgs well.



[0008]

Further, with image compression technology,
standardization 1is 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 increaging
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 to a greater difference value since the
spatial distance is great.

[0009]

Accordingly, embodiments of the present invention
improve the encoding efficiency of quantization parametersg.
Solution to Problem
[0008%a]

According to a first aspect, there is provided an image
decoding method, comprising: obtaining, when a block adjacent
to the left of a current block and a block adjacent above the
current block are referenceable, a prediction quantization
parameter derived from an average value of a quantization

parameter of the block adjacent to the left and a



4a

gquantization parameter of the block adjacent above; obtaining,
when the block adjacent to the left and the block adjacent
above are not referenceable, the prediction quantization
parameter derived from a quantization parameter of a
processing unit not adjacent to the current block; obtaining,
from bit stream information, a difference information
indicating a difference between the obtained prediction
quantization parameter and a quantization parameter of the
current block; and generating the guantization parameter of
the current block, from the prediction guantization parameter
and the difference information.

[0009D]

According to a second aspect; there is provided an
information processing apparatus comprising: a circuitry
configured to: obtain, when a block adjacent to the left of a
current block and a block adjacent above the current block are
referenceable, a prediction quantization parameter derived
from an average value of a quantization parameter of the block
adjacent to the left and a quantization parameter of the block
adjacent above; obtain, when the block adjacent to the left
and the block adjacent above are not referenceable, the
prediction guantization parameter derived from a quantization
parameter of a processing unit not adjacent to the current
block; obtain, from bit stream information, a difference
information indicating a difference between the obtained

prediction gquantization parameter and a quantization parameter



4b

of the current block; and generate the gquantization parameter
of the current block, from the prediction quantization
parameter and the difference information.
[0010]

Disclosed herein is an image 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

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 guantization parameter and the difference
information, a quantization parameter of the block to be
decoded.

[0011]

With the above disclosure, 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 decoding
device, at least blocks where guantization parameters are
redundant or blocks where inverse gquantization using
guantization parameters is not performed are excluded from
quantization parameters of decoded blocks spatially or
temporally adjacent to the block to be decoded, and
selection candidates are taken. For setting of the
prediction quantization parameter, a guantization parameter
ig selected in an oxder indicated by identification
information included in the stream information, with the
adjacent decoded blocks in a predetermined order, for
example. Alternatively, determinaticon ig performed of

gselection candidates in an



order set beforehand, and the prediction gquantization
parameter 1s set based on the determination result.
Alternatively, one or the other is selected of procesgsing of
setting to the prediction quantization parameter a
quantization 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 quantization parameter, based on the
determination result included in the stream information.
Further, with the image decoding device, a quantization
parameter of the block to be decoded is calculated by adding
difference which the difference information indicates to the
prediction guantization parameter. Further, in the event
that there is no selection candidate, a quantization
parameter of an initial value in a slice is taken as the
prediction guantization parameter. Also, including a
quantization parameter updated last in the selection
candidates is also performed.
[0012]

Disclosed herein 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



information indicating difference as to a prediction
guantization parameter selected from the selection
candidates; and a process of calculating, from the
prediction guantization parameter and the difference
information, a guantization parameter of the block to be
decoded.

Disclosed herein is an image encoding device,
including: a contrel 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 candidateg, select from
the selection candidates a prediction quantization 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 information in stream information
generated by performing encoding processing of the block to
be encoded, using the set guantization parameter.

[0013]

With the above disclosure, at least blocks where

guantization parameters are redundant or blocks where

quantization using quantization parameters ig not performed



are excluded from guantization parameters of encoded blocks
spatially or temporally adjacent to the block to be encoded,
and selection candidates are taken. Also, a guantization
parameter updated last or the like is alsoc included in the
selection candidates. A guantization parameter of which the
difference as to the quantizaticn parameter set from these
selection candidates is the smallest, is selected as the
prediction guantization parameter, and identification
information for selecting the prediction guantization
parameter from the selection candidates is generated. For
example, identification information is the corder of blocks
corresponding to the selected quantization parameter, with
the adjacent encoded blocks in a predetermined order. Also,
the predetermined array is an order of array where priority
ig 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. PFurther, quantization
parameters of encoded blocks temporally adjacent may be
reordered in accordance with parameter values, with the
order of selected guantization parameters being taken as
identification information. Also, determination of
selection candidates may be performed in an order set
beforehand, with the prediction guantization parameter being

selected based on the determination regult. Further, with



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 i1s no selection candidate, difference
information indicating difference between a quantization
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 guantization
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 guantization 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 guantization parameter.
[0014]

Disclosed herein is an image encoding method,
including: a process of setting a gquantizaticon parameter as
to a block to be encoded; a process of taking guantization
parameters of encoded blocks spatially or temporally

adjacent to a block to be encoded, as selection



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
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 encoded, using the set
quantization parameter.

Advantageous Effects of Invention

[0015]

According to embodiments of the present invention,
gquantization parameters of encoded blocks spatially or
temporally adjacent to a block to be.encod@d are taken as
selection candidates, and a prediction quantization
parameter is selected from the selection candidates in
accordance with the guantization parameter set to the block
to be encoded. Difference information indicating difference
between the prediction guantization parameter and the
quantization parameters set as to 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 quantization parameters can be
improved.

[0016]

Also, in a case of decoding stream information where



difference information is included, a prediction
quantization parameter 1s selected from guantization
parameters of decoded blocks spatially or temporally
adjacent to a block to be decoded, and a guantization
paramater 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 guantization parameters, the guantization parameters can
be restored based on the prediction guantization parameter
and difference information when decoding thig stream
information, and decoding processing can be correctly
pexrformed.

Brief Description of Drawings

foo17]

[Fig. 11 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. 41 Fig. 4 1s 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.

[Fig.
processing.

[Fig.
prediction

[FPig.

prediction

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

7} Fig. 7 is a flowchart illustrating prediction

81 Fig. 8 is a flowchart illustrating intra

processing.

9] Fig. 9 is a flowchart illustrating inter

processing.

10} Fig. 10 is a diagram for describing

[Fig.
operations
[Fig.
operations
{Pig.
processing
[Fig.
a sequence

[Fig.

of an information generating unit.

11] Fig.

11 is a diagram exemplarily illustrating

of an information generating unit.

12] Fig.

12 is a flowchart illustrating

regarding guantization parameters in encoding.

13} Fig. 13 is a diagram exemplarily illustrating

parameter set.

141 Pi 4

1]
ot

encoding processing.

[Fig.

a picture parameter set.

i5] Fig. 15

(Fig. 161 Fig. 16
a slice header.

[Fig. 17] Fig. 17
encoding procesgsing.

[Fig. 18] Fig. 18

is

is

a flowchart illustrating frame

a diagram exemplarily illustrating
a diagram exemplarily illustrating

a flowchart illustrating slice

a diagram illustrating the



configuration of an image decoding device,
[Fig. 191 Fig. 19 is a diagram illustrating the
configuration of quantization parameter calculating unit.

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

operations
Elowchart illustrating

[Fig. 21] Fig. 21 is a
prediction image generating processing.
[Fig. 221 Fig. 22 is a flowchart illustrating
regarding guantization parameters in decoding.

processing
23 is a flowchart for describing other

[Fig. 23] Fig.
decoding device.

g of an image
(Fig. 24] Fig. 24 is a diagram illustrating an
implicitly predicting

h

operation example in a case O

guantization parameters.
[Fig. 251 Fig. 25 is a flowchart example of a case of
implicitly predicting quantization parametexrs.
[Fig. 26] Fig. 26 illustrates anocther operation example

in a case of ilmplicitly predicting quantization parameters.
ig a diagram exemplarily illustrating

{Fig. 271 Fig. 27

®

& program.
Fig. 28] Fig. 28 is a flowchart for describing other

ey

operations of an image decoding device.
[Fig. 29] Fig. 23 is a diagram exemplifying a schematic

configuration of a computer device.

301 Pig. 30 is a diagram exemplifying a schematic

[Fig.



configuration of a televigsion receiver.

[Fig. 31] Fig. 31 is a diagram exemplifying a schematic
configuration of a cellular telephone.

[Fig. 22] Fig. 32 is a diagram exemplifyving a schematic
configuration of a recording/plavback device.

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

Degcription of Ewmbodiments
[oo1g]

Heveinafter, 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 Decocding 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 Egquipment

[oo19]

<1l. Configuration of Image Encoding Devices

Fig. 3 illustrates a configuration of an image encoding



device. The image encoding device 10 includes an
Analog/Digital conversion unit (A/D conversion unit) 11, a
screen rearrvanging buffer 12, a subtracting unit 13, an
orthogonal transform unit 14, a guantization 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 guantization 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/optimal mode selecting unit
33.

[oo020]

The A/D conversion unit 11 performs conversion of
analeog image signals into digital image data and oulputs
these to the screen rearranging buffer 12.
foo21]

The screen rearranging buffer 12 performs reavranging
of frames as to the image data output from the A/D
conversion unit 11. The screen rearrvanging 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 after rearranging to the
subtracting unit 13, rate control unit 18, intra prediction

unit 31, and motion prediction/compensgation unit 32.



[oo22]

The image data output from the screen rearranging
buffer 12 and the prediction image data gelected 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 isg 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 corthogonal
transform processing such as digcrete cogine transform (DCT:
Discrete Cosine Transform), Karhunen-Loéve transform or the
iike, as to the prediction error data output from the
subtracting unit 13. The orthogonal transform unit 14
ocutputs the transform coefficient data obtained by
performing orthogonal transform processing to the
guantization unit 15.

[0024]

The transform coefficient data output from the
orthogonal transform unit 14 and the quantization parameter
{guantization scale) from a later-described information
generating unit 19 are supplied to the guantization unit 15.

The quantization unit 15 performs guantization of the



transform coefficient data and outputs the guantized data to
the lossless encoding unit 16 and inverse guantization unit
21. Also, the gquantization unit 15 changes the bit rate of
quantized data based on the guantization parameters set at
the rate control unit 18,

[0025]

The guantized data output from the quantization unit 15,
identification information and difference information Erom
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 1s 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 gize
information of wotion prediction unit and so foxrth,
according to whether intra prediction or inter prediction.
[0026]

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

Lo generate stream information and outputs this to the



storage buffer 17. Also, in the event the optimal mode is
intra prediction, the lossless encoding unit 16 performs
lcssless encoding on the prediction mode information
supplied from the intra prediction unit 31. Also, in the
event the optimal mode is inter prediction, the lossless
encoding unit 16 performg lossless encoding on the
prediction mode information and difference motion vectors
and the like supplied from the motion
prediction/compensation unit 32. Further, the lossless
encoding unit 16 performs lossless encoding of information
relating to the gquantization parameters, such as difference
information for example. The losslessg encoding unit 16
includes the information following lossless encoding in
stream information,

fog27]

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

[0028]

The rate control unit 18 performs monitoring of a
available capacity of the storage buffer 17, and sets the
quantization parametersg 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



capacity the bit rate of the guantized data riges. 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

suppliied from the screen

']

rearranging buffer 12. The rate
control unit 18 the gquantization parameters such that rough
gquantization is realized for image portions where the
variance value of pixels is low and fine cuantization fox
portions otherwise, for example, based on the detection
results of complexity of the image. The rate control unit
18 outputs the guantization parameters that have been set to
the information generating unit 19.

[D029]

The information generating unit 19 outputs the
gquantization 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 guantization parameter from the selection
candidates in accordance with the quantization parameter set
at the rate control unit 18, and takes ag a prediction
guantization parameter. Further, the information generating
unit 19 generates identification information corresponding

to the selected quantization parameters, i.e.,



identification information for selecting prediction
guantization parameters from the selection candidates, and
difference information indicating the difference betwesen the
prediction quantization parameters and the get guantization
parameters.

[0030]

Fig. 4 illustrates 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 quantization
parameters supplied from the rate control unit 18. Also,
the information generating unit 19 supplies the gquantization
parameters supplied from the rate control unit 18 to the
guantization parameter memory unit 191 and difference
computing unit 1%2.

[0031]

The guantization parameter memory unit 191 stores the
supplied guantization parameters. The difference computing
unit 192 reads out, from the guantization parameters of
encoded blocks stored in the gquantization parameter memory
unit 191, quantization parameters of encoded blocks in the
gspatial or tewporal periphery of the block to be encoded, as
gselection candidates, Algso, at least blocks where

guantization parameters are redundant, and blocks where



guantization using guantization parameters is not performed,
guch as blocks where transform coefficient data to be
quantized at the guantization unit 15 is all "0" for example,
are excluded from selection candidates. Also, the
difference computing unit 192 excludes from gelection
candidates, blocks (hereinafter referred to as "skip

locks?") regarding which determination has been made to
perform skip processing based on information from the later-
described motion prediction/compensation unit 32 and
prediction image/optimal mode selecting unit 33.

[oo32]

The difference cowputing unit 192 selects a
guantization parameter from the guantization parameters, in
accordance with the guantization parameter of the block to
be encoded, 1.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
guantization parameters from the selection candidates and a
gquantization parameter of the block to be encoded, and
cutputs this to the logsless encoding unit 16.

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

performs inverse guantization processing of the guantized



data supplied from the guantization unit 15. The inverse
guantization unit 21 outputs the transform coefficient data
obtained by performing inverse gquantization processing to
the inverge orthogonal transform unit 22.

[0034]

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

[0035]

The adding unit 23 adds dats 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 ls used as image data of the reference
image.

[0036]

The deblocking filter 24 performs filtering procesgsing
to decrease block disgtortion which occurs at the time of
image encoding. The deblocking filter 24 performs filtering
procesging 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.



(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 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

jebe
r

ntra prediction mode for example, and takes the intra
prediction mode where the encoding efficiency is best, based
on the calculated cost function value, ag the optimal intra
prediction mode. The intra prediction 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/optimal mode
gelecting unit 33. Further, the intra prediction unit 31
outputs prediction mode information indicating the intra
prediction mode to the lossless encoding unit 16.

[0039]



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 mewmory 26, and decidesg
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 valueg, as the
optimal intery prediction mode. The motion
prediction/compensation unit 32 outputs the prediction image
data generated in the optimal inter prediction wmode 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 encoding unit 16 and
information generating unit 19.

[C040]

The prediction image/optimal mode selecting unit 23
compares the cost function value supplisd f£rom the intra
prediction unit 31 to the cost functicn value supplied from
the motion prediction/compensation unit 32, and selects the

one of which the cost function value 1s less than the other



as the optimal mode where the encoding efficiency will be
best. Also, the prediction image/optimal mode selecting
unit 33 outputs the prediction image data generated in the
optimal mode to the subtracting unit 13 and adding unit 23.
Further, thé’preéictign iﬁage/optimal mode selecting unit 33
outputs information indicating whether the optimal mode is
the intra prediction mode or the inter prediction mode to
the lossless encoding unit 16 and information generating
unit 19. Note that the prediction image/optimal mode
selecting unit 33 performs switching of the intra prediction
or inter prediction in increments of slices.
{0041}
<2. Operation of Image Encoding Devices

With the image encoding device, encoding processing 1s
performed with the macrocblock size extended beyond that with
the H.264/AVC format, for example. Fig. % exemplarily
illustrates the hierarchical structure of coding units.
Note that Fig. 5 illustrates a case where the maximum size
ig 128 pixels x 128 pixels, and the hierarchical dept
(Depth) is "5". For example, in the event that the
nierarchical depth i1s "0", a 2N x 2N (N = 64 pixels) block
ig coding unit CU0. Also, when split flag = 1, the coding
unit CUO is divided into four independent ¥ x N blocks, with
the N x N blocks being blocks of one hiersrchical level

lower. That 1sg to say, the hierarchical depth is "1%, and



In the

32 pixels) blocks are coding unit CUL.

2N x 2N
Further, when the depth "4" which is
4 pixels)

(N =
same way, when split flag = 1, this is divided into four
(N =

independent blocks.
2N x 2N

he deepest hierarchical level,
blocks are coding unit CU4, and 8 pixels x 8 pixels are the
with HEVC,

oF

Also,

ize for coding units CU.
prediction unit (PU: Prediction Unit) which is a basic unit
and transform unit

w
[\

smallest
for dividing coding units and predicting,
(TU: Transform Unit) which is a basic unit for
transformation and gquantization, are defined.

Next, operations of the image encoding device will be
. 6. In

[0042]

SXT

described with reference to the flowchart in Fig

step S$T11l, the A/D converting unit 11 performs A/D
signals.

conversion on the input image
rearranging buffer 12 performs

[0043]
In step 8Ti2, the screen
The screen rearranging buffer 12 stores

image rearranging.
image data supplied from the A/D converting unit 11 and

performs rearranging from an order for displaying the

pilctures to an order for encoding.

[6044]
the subtracting unit 13 generates
The subtracting unit 132 calculates

In step 8T13,

prediction error data.
the difference between the image data of images rearranged



in step ST12 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 compressed in comparison with
a case where the image is 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 ST1L5, the guantization unit 15 performs
guantization processing. The quantization unit 15 gquantizes
transform coefficient data. Rate control ils performed at
the time of guantization, as illustrated in the latexr-
described processing in step ST25.

[0047]

The inverse guantization unit 21 performs inverse

guantization processing in step 87T16. The inverse

gquantization unit 21 performs inverse quantization on the



transform coefficient data quantized by the guantization
unit 15 with properties corresponding to the properties of
the quantization unit 15.

[0048]

In step ST17, the inverse orthogonal transform unit 22
performs inverse orthogonal transform‘procegsing. The
inverse orthogonal transform unit 22 performs inverse
corthogonal transform on the transform coefficient data
subjected to inverse guantization by the inverse
guantization unit 21 with properties corresponding to the
properties of the orthogonal transform unit 14.

[C049]

In step 3718, 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 STLY, the deblocking filter 24 performs
filtering processing. The deblocking filter 24 filters
decoded 1mage data output from the adding unit 23 and
removes block distortiom.

[0051]

In step ST20, the frame memory 26 storses the reference



image data. The frame memory 26 stores the decoded image
data after filtering processing (reference image data).
[o0852]

In step ST21, 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 procassing of the
inter prediction mode. The prediction processing is
degcribed 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 this
processing. PFurther, 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 5722, 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,



based on each cost function value output from the intra
prediction unit 31 and motion prediction/compensation unit

22. That is to say, the prediction image/optimal mode

6]

electing unit 33 decides the coding unit where the encoding

efficiency ig best from each of the hierarchical levels

L.

L1lustrated 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 decilded optimal mode to the
gsubtracting unit 13 and adding unit 23. This prediction
image data is uged for the computation of step STL3 and ST18,
as described above.

{0054}

In step ST23, the lossless encoding unit 16 performs
lossless encoding processing. The lossless encoding unit 16
performs lossless encoding on the gquantization data output
from the guantization unit 15. That is, lossless encoding
such as variable length encoding or arithmetic encoding is
performed as to the quantization data to be made data
compression. Also, the lossless encoding unit 16 performs
lossless encoding of prediction mode information and the
like corresponding to the prediction image data selected in
step 8722, and lossless encoded data such as prediction mode

information and the like i1s included in steam information



generated by performing lossless encoding of quantization
data.
[0055]

In step ST24, the storage buffer 17 performs storage
processing. The storage buffer 17 stores stream information
output f£rom 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 8725, the rate control unit 18 performs rate

control. The rate control unit 18 controls, in the case of

storing stream information in the steorage buffer 17, the

ct

rate of the guantization operation of the quantization unit
15 so that overflow or underflow doeg not occur in the
storage buffer 17.
[0057]

Next, prediction processing in step $T21 in Pig. 6 will
be described with reference tco the flowchart in Fig. 7.
[cosg]

In step 8T31, the intra prediction unit 31 performs
intra prediction processiﬁg.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 decoded image referred



to in intra prediction, the decoded image data before being
subjected to deblocking filter processing by the deblocking
filter 24 is used. Due to this intra prediction processgsing,
intra prediction is performed in all 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 modesg, based on the
calculated cost function values.
[0059]

In step 8732, 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 uging
decoded image data after deblocking filter processing stored
in the frame memory 26. Due to this inter prediction
processing, prediction processing 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, 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 flowchart in Fig. 8.



[o061]

In step ST41l, 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.

[ooez]

In step 5742, the intra prediction unit 31 calculates
cost function values in each prediction mode. Calculation
of cost function values is performed, as stipulated in IM
(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 procesging is tentatively performed as to
all candidate prediction modes, and the cost function value
represented by the followlng Expression (1) are calculated
as to each prediction mode.

Cost(Mode & Q)=D+h o B ... (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 decoded image and

an input image in the event that encoding has been performed



in prediction mode, R is generated code amount including
orthogonal transform coefficient, prediction wmode
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 8742, and th

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 wmotion vectors and prediction mode
information and so forth, is performed for all candidste
prediction modes, and cost function values represgented by
the following EBxpregsion (2) are calculated.

Cost{Mode € 2) = D + QP2Quant (QP) » Header _ Bit N 6}
[0066]

Q represents the whole set of candidate prediction
modes to encode the image of this prediction unic. D
repregents 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 QF2Quant is a function which is

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



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 bitg such as motion vectors and prediction mode

information and so forth, as the processing of step §5T42.

In step 5743, 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 8742, which is decided to the optimal
intra prediction mode.

[0068]
Next, the inter prediction processing of step ST32 in

Fig. 7 will be described with reference to the flowchart in

In step 8751, the motion prediction/compensation unit
32 performs motion detection processing. The motion
prediction/compensation unit 32 detects motion vectors and
advances to step B8T5Z.
foo70]
In step ST52, the motion prediction/compensation unit

32 performs motion compensation processing. The motion

prediction/compensation unit 32 performs motion compensation



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 wvalues. 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
ilmage data generated in step 8752 and so forth, and advances
to step STH4.

[oo72]

The motion prediction/compensation unit 32 decides an
optimal inter prediction mode. The motion
prediction/compensation unit 32 performs the processing from
step 8T51 through ST53 for each inter prediction wode. The
motion prediction/compensation unit 32 distinguishes the
reference index where the cost function value calculated for
each prediction mode is the smallest value, the block size
of the coding unit, and the block size of the prediction
unit in this codiﬁg unit, and decodes the optimal inter
prediction mode. Note that with decision of the mode where
the cost function is the smallest, the ceost function value
in a case of having performed inter prediction in skip node
ig alsc used.

10073]



Also, in the event thaet the optimal inter prediction
mode has been gelected as the optimal prediction mode at the
prediction image/optimal mode selecting unit 33, the wmotion
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.

(00741
<3. Generating Operation of Identification Information and
Difference Information based on Quantization Parameterss

In the above-degcribed image encoding procesgsing, the
image encoding device 10 sets guantization parameters that
suitable guantization 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 efficiency of the
guantization parameters used in the guantization processing
in step ST1S.

[0075]

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

MPEG2, for example.



[0076]
With the code amount control format stipulated with TME

in MPEG2, the processing of step 1 through step 3 is

[6077]

in step 1, the amcunt of code to be allocated to esach
picture within a GOP (Group of Pictures) is distributed to
the plctures not encoded vyet, 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

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.

[0072]

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 amount can be estimated by these

parameters.



Xr = 8 ¢ QO (3)

Xp = Sp ¢ Op (4)

Xg = Sp * Un {5)
[0o080]

Here, S8z, 8p, and 8y, are generated code bits at the
time of picture encoeding, and Qr, Qp, and Q, are mean
guantization scale code at the time of picture encoding.
Also, initial wvalues are values illustrated by the
Expressions following (6), (7)), and (8), using bit rate

[bite/sec] which ig the target code amount.

Xz = 160 x bit _rate/115 ... (6}

Xp = 160 x bit _rate/115 ... (7]

Xy = 160 x bit_rate/115 ... (8)
[oos1}

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

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

[ooezl

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



as compared with the I and P pictures and thereby adding the
code amount conserved with the B pictures to the I and P

pictures, the image gquality of the

4

and P pictures will be
improved, and also the image gquality of the B pictures
referring to these will be improved.

[0083]

According to the above two assumptions, the allocated

code amounts (Ty, Ty, Ty) 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 seguence.

iMath. 1]
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[0084]

Now, Np, Np 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 plctureg 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



estimated generated code amount which the entirety of
unencoded pilctures generates is equivalent to is obtained.
For example, NXp/X:Xp, which is the second term of the
denominator of the first argument in the expression relating
to Ty, expresgses how many I pictures that the Np unencoded
pilctures within the GOP are worth. Alsoc, this is obtained
by multiplyving Np by a fraction Sp/5: of the generated code
amount of the I picture as to the generated code amount of
the P pictures, and expressing by ¥%r, ¥p, and Xs as described
above.

[0085]

The bit amount as to the pictures for allocation is
obtained by dividing the allogation code amount R as to
unencoded pictures by the number of 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.

[o086]

Baged 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 ~ Sg,pz ...(13)

[oo87;]

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



GOP, R i1z updated by the following Expression (14).
[Math. 2]

_ bit_ratex N
picture_rate

- soee (1049

where N ig the number of pilctures within the GOP. Also,
the initial value of R at the beginning of the seguence is 0.
[0088]

Next, degscription will be made regarding step 2. In
step 2, a quantization scale code for actually matching the
allocation code amounts {Trx, T, Tr} 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.

[o089]

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

Math. 3]



- | Tix¢(-1)
1 e E "% !- \.,g =N
4 = do BT B ont IR

Tlp * (j - 1}

P _ 4P : \
af =gt 4B - e e - (16)
] o Y MBent
B_ B, Tex(g—1}
d =d +B, - —— e (17
i o T MBent
(006901

dot, dot, 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 i§'th macroblock, and MBe 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 (dMB.u®, AMBon:,
dMBene”) are used as the initial values of the virtual
buffers occupation amount for the next picture (d, do°, d°)
for the same picture type, regpectively.

[0092]
Next, a reference guantization scale code Q4 for the

j'th macroblock ig calculated by Expression (18).

RaC)
Q= —— coe (18)



'
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5

i

[0093]

r 1g a parameter controlling response gpeed of a
feedback group, called a reaction parameter, and is obtained
by Expression (19).

[Math. 5]
bit_rate

[ 2 e o (1 9)
pictyre_rate

[0094]

-he initial value of the virtual buffer at

or

Note that
the beginning of the sequence is obtained by Expression (20).

[Math. 6]

.i =10 % =~ i b =K, do,d Kg C e (20)

[0095]

Next, stepA3 will be described. Activity is obtained
from Expressions (21) through (23} using luminance signpal
pixel values of the original image, e.g., using a pixel
values of a total of eilght blocks of four 8 x 8 blocks in
frame DCT wmode and four 8 x 8 bhlocks in field DCT encoding
mode .

Math. 7]



act;= 1+ min (var sblk) Ce e (21)
’ xbik=1.8
§ [T 2

var sbilk = gzi': g(?gw?} v (22)

[0096]

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

[Math. 8]
2xact;+avg_act

Nact; = - (24)
act;+2xavg_act




[0097]

avg_act is the average value of activity up to the
plcture encoded immediately before. A quantization scale
code mguant; which takes into consideration visual
properties is obtained by Expression (25) based on reference
guantization scale code Q.

[Math. 9]
mquant; = Q;xNact; - - - (25)

[oooes]

The rate contrel unit 18 ocutputs the guantization scale
code mguants calculated as described above as a quantization
parameter. Also, a quantization parameter is generated foxr
the macroblock situated at the slice boundary in the same
way as with macrcoblocks situated at other than the slice
boundary, with the same technigue. Note that gquantization
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 TMb 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 guantization



parameters can be switched, quantization parameters can be
gset for each of the blocksg regarding which guantization
parameters can be switched.

[0100]

Next, description will be made regarding generating
operations of information used to improve encoding
efficiency of quantizabion parameters. The information
generating unit 19 takes encoded quantization parameters
spatially or temporally adjacent to the block to be encoded
as selection candidates. The information generating unit 19
also selects a quantization parameter from selection
candidates in accordance with a guantization parameter set
as to the block to be encoded, and takes this as a
prediction guantization parameter. The information
generating unit 19 further generates identification
information for selecting a prediction guantization
paramneter from selection candidates, and difference
information indicating the difference between the prediction
cquantization parameter and a guantizatlon parameter set to
the block to be encoded.

[0101]

Fig. 10 is a diagram for describing operationg 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



of the block to be encoded in the frame to be encoded is,
for example, "QP 0", Also, we will say that the
guantization parameters of the block adjacent to the left is,
for example, "QP A". In the same way, we will say that the
gquantization parameter of the blocks adjacent above, to the
upper right, to the upper left, and to the lowexr 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
guantization parameters "QP A" through "QP E" and "QP T" are

stored in the quantization parameter memory unit 181. Also,

g
@

e will say that each block is the smallest increment block

regarding which guantization parameters can be changed.

The difference computing unit 122 takes quantization
parameters of encoded block adjacent to the block to be
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 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 candidates, and

difference information indicating the difference between the



prediction quantization parameter and the guantization
parameter of the block to bes encoded.
(01031

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 n-n".

{0104]

With the block to be encoded as block BXO, the
gquantization parameters of the encoded blocks are "QFP A =
329, "QP B = 40", "QP C = 40", "QP D = 353", "QP E = -", and
YOP T = 31". Here, the information generating unit 19
excludes blocks where no quantization parameter is set te a
block due to being a skip block or a block with no residual
information, and blocks 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", "QP D = 35", and "QP T
= 31". Also, the information generating unii 19 sets
identification information, index Nog. for example, to the
selection candidates beforehand. The identification
information wmay be set to adjacent @ncoded>blocks alone, or
may be set to the quantization parameters of the adjacent

encoded blocks.
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[0105]

In the event of setting identification information to
adjacent encoded blcocks, the information generating unit 19
sets index numbers in order of array with the adjacent
encoded blocks in a predetermined crder of array. The
predetermined ordexr of array is, for example, an order of
array where one of an encoded block adiacent to the left
side, an encoded block adjacent above, and an encoded block
temporally adijacent, is given priocrity. Also, the
information generating unit 19 may 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 gtream information.
Also, the lossless encoding unit 16 and information
generating unit 19 perform settings and lossless encoding of
the identification information such that there ig 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 to be encoded is
smallest, and uses the identification information set to the
selected candidate, thereby generating identification

information for selecting a prediction guantization



1
A

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

gquantization parameter, and the gquantization parameter of

the bloek to be encoded. For example, in the event of

o]

iving priority to the encoded block adjacent to the left
gside 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, 1if we way that the
guantization parameter of the block to be encoded is "33"
for example, the difference computing unit 192 sets the
index No. of the block where the difference as to the
gquantization parameter of the block tec be encoded is the
smallest, to identification information "0 {index No.}".
Also, the difference computing unit 192 generates difference
information "1 (= 33 -32)" indicating the difference between
the prediction guantization parameter and the quantization
parameter of the block to be encoded.

[0107]

By setting identification information to blocks to be
encoded in thig way, the encoding efficiency of guantization
parameters can be improved. For example, 1f the block at
the left side is given priority and the block order is

gquantization parameters "QP_AY, "QP B, "QP C", "QP D7,



"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 to the left side. Aalso, if the block
above is given priority and the block order is guantization
parameters "QP B", "QP A", "QP Cv, "QP D", "QP E", uQp TV,
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. PFurther, 1f the block temporally adjacent is
given priority and the block order is guantization
parameters “"QP T", "QP A%, "Qp B", "QP _C", *QP D¥, "QP EY,
data amount will be small with images where there are wmore
pblocks to be encoded that are similar to the image
temporally adjacent, i.e., more still subjects.

10108]

In a case of setting jdentification information as to
guantization parameters of adjacent encoded 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 order of quantization parameters with swmall
parameter values. That is to say, in the case of Fig. 11,
the information generating unit 19 setg index Nos. such as

0 {index No.): 32 (guantization parameter)™, "1:40%, "2:35",



The difference computing unit 192 selects a candidate
from the selection candidates where the difference as to the
gquantization 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 guantization
parameter from the selection candidates. Also, the
difference computing unit 192 generates difference
information indicating the difference between the prediction
quantization parameter and the guantization parameter of the
block to be encoded. For example, 1f 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]

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

[o111]

Fig. 12 is a flowchart illustrating processing
regarding quantization parameters in encoding. In step ST61,
the image encoding device 10 generates information for

obtaining a guantization parameters unit minimum size



(MinQpUnitSize) . The guantization parameters unit minimum
size is the smallest size where guantization parameters can

be adaptively switched.

[0112]
The image encoding g devige 10 uses, as information for

obtaining the guantization parameters unit minimum gize
(MinQpUnitS8ize), difference as to a transform unit minimum

gize (MinTransformUnitSize), for example.
[0113]
The quantization parameters unit minimum size
(MinQpUnitSize) is determined by Expression (26).

l<< (log2 min transform unit size minus2

.. (286)

MinQpUnitSize =
+ log2 min gp unit size offset + 2)

Note that "log2 min transform unit size minus2" is a

parameter for deciding the transform unit minimum gize
(MinTransformUnit8ize) .

[0i14]
The transform unit minimum size (MinTransformUnitSize)

is decided by Expression - (27).

w

MinTransformUnitSize

l<<{log2 min transform unit_ size minus2

+ 2y ... 2m

T

[0115]
The difference between the quantization parameter unit

and the transform unit minimum

minimum size (MinQpUnitsize)



size (MinTransformUnitSize) is, as can be clearly understood
From Expressions (26) and (27), 1s equivalent to
"log? min gp unit size offsget?. Note that guantization
parameters are used in increments of transform units (TU).
That is to say, a guantization parameter is unchanged within
a transform uni
[0116]

Also, the quantization parameter unit minimum size
{(MinQpUnitSize) may be decided in accordance with codin
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
(logz_diffwmax_mim_codingmblock;siza}l Note that the
maximum size of the coding unit CU "log2MaxCUSize" 18 as
illustrated in Expression {(28).

log2MaxCUSize = log2 min coding block size minus 3 + 3

+ log2 diff max min coding block size ... (28)

kY

[0117)

The logarithmic value of the guantization parameter
unit minimum size (log2MinQpUnitSize) is decided by
Expression (29).

log2MinQpUnitSize = log2 min coding block size minus 3

+ log2 diff max min coding block size



- log2 min gp unit size offset ... (29)
[o118]
Accordingly, setting "log2 min gp unit size ocffset’ so
as to be greater makes the guantization parameter unit
minimum size smaller. For example, in a case where the

smallest gize of a coding unit CU is "8 x 8" and the

(591

reatest size is "64 x 64", setting
"log2 min gp unit_size offset" te "1" makes the quantization

parameter unit minimum size to be "32 x 32%. Also, setting

iat
O

"log2 min gp unit size cffset® 2% makes the quantization

o
[

parameter unit minimum size to be ° x lev.
{o119]

In step 8762, 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 offget”, and
"log2 min gp unit size offset® which is a parameter to
decide the transform unit minimum size
(MinTransformUnit8ize), in the sgtrsam information, and
advances to step 8T63. Also, in the event of deciding the
guantization parameter unit minimum size in accordance with
the coding unit size, "log2 min coding block size minus3",
"log2 diff max min coding block_gize", and
“log2 min gp unit size offset" are included in the stream

information. The image encoding device 10 includes the



generated information in a seguence parameter set (SPS:
sequence parameter set) defined as a gyntax of RBESP {(raw
byte seguence payload), for example. Note that Fig. 13
exemplarily illustrates a sequence parameter setb.

fo120]

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 8T 64 and performs frame encoding
processing illustrated in FPig. 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 determines 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
5T72, and if this doesg not exist, ends the encoding
processing of the frame.

fcizz

[—

In step ST72, the image encoding device 10 decides the
guantization parameters of the slice to encode. The image

encoding device 10 decides the guantization parameter of the

[N

nitial value in the size so as to be a target code amount,
and advances to step ST73.

[o123]



In step 8T73, the image encoding device 10 calculates
"slice gp delta”. The guantization parameter SliceQPY of
the initial wvalue 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 gp delta” so as to be
the guantization parameter decidsd in step 8T72, and
advances to step ST74.

SliceQPY = 26 + pic init gp minus26 + slice gp delta

[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 includes the
calculated "slice gp delta" in the header slice, for example,
cf 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, 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 parameteryr
S$1iceQPY of the initial value in the slice by performing the
computation of Expresgion (30). Note that Fig. 15

exemplarily illustrates a sequence parameter get, and Fig.



16 a slice header.
o125

In step ST75, the image encoding device 10 performs
slice encoding processing. Fig. 17 ig a flowchart
illustrating performs slice encoding procegsing.

[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 yvet 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 8782, 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 transform unit does not exist, advances to
step 8T87. For example, in the event that all ccoefficients
to be guantized using a quantization parameter are 0%, or

in a case of a skip block, the flow advances to step ST87.

In step 8T83, the image encoding device 10 decides the



guantization parameter of the coding unit CU to be encoded.
The rate control unit 18 of the image encoding device 10
decides the quantization 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 8ST84.

o7

0129

L

In gtep 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 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 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 egual to anothe
candidate, the information generating unit 19 excludes these
from selection candidates. The image encoding device 10
sets ldentification information, e.g., index
(ref gp block index) to the selection candidates, and
advances to step ST85.

[0120]

In step ST85, the image encoding device 10 generate

identification information and difference information. The

information generating unit 19 of the image encoding device



10 selects from the selection candidates a candidate where
the difference as to the guantization parameter of the
coding unit to be encoded is smallest, 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. Algo, the information generating unit 19 takes
the difference (gb_gp delta) between the prediction
guantizaticn parameter and the guantization parameter of the
coding unit to be encoded, as difference information, and
advances to step ST86. WNow, with the prediction
guantization 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 encoded (Current(QP) exhibits the
relationship indicated in Expression (31).

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

[0131]

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

image encoding device 10 performs lossless encoding of the



identification information and difference information
generated at the information generating unit 19, includes in
the stream information, and advances to step ST87.

[0132]

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

[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. BAlso, the image encoding device 10
generates identification information corresponding to the
selected quantization parameter. Further, the image
encoding device 10 generates difference information
indicating difference between the prediction quantization
parameter and the guantization parameter of the block to be
encoded. The image encoding device 10 includes the
generated identification information and difference
identificetion in stream information. Thus, since a
candidate where the difference is the smallest is selected

as the prediction guantization parameter, the difference



between the predicﬁiqn gquantization parameter and the
quanﬁization parameter of the block to be encoded can be
prevented from becoming a great value. Accordingly, the
image encoding device 10 can ilmprove the encoding efficiency
of guantization parameters.

[0134]

<4 . Configuration of Image Decoding Devices

Next, an image decoding device which performs decoding
processing of stream information output from the image
encoding device will be described. The encoded stream
generated by encoding an input image is supplied to the
image decoding device via a predetermined transmission path,
recording medium, or the like, and deccded.

[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
guantization 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

9, frame memory 61, an intra prediction unit 71, a wotion

n

compensation unit 72, an a selector 73.



t
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[0136]

The storage 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 corresgponding to the encoding format
of the lessless encoding unit 16 in Fig. 3.

{01371

The lossiess decoding unit 52 operates as an
information obtaining unit and obtains various types of
information from the stream information. For example, the
logsless decoding unit 52 outputs prediction mode
information obtalned by decoding the stream information to
the intra prediction unit 71 and motion 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 wmotion 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 guantization parameter calculating unit 59. Further,
the lossless decoding unit 52 outputs the guantization data
obtained by decoding the stream information to the inverse
guantization unit 53.

[G138]



The inverse quantization unit 53 performs inverse
guantization on the ¢uantization data decoded at the
lossless decoding unit 52 with the format corresponding to
the guantization format of the quantization unit 15 in Fig.
3. The inverse orthogonal transform unit 54 performs
inﬁ@rsa orthogeonal trangform 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 Filg. 3 and outputs to the adding unit 55. |
[0139]

The adding unit 55 adds the data after inverse
orthogonal transform to prediction image data supplied 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 performs 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 £1, and outputs to the screen
rearranging buffer 57,

[0141]

The screen rearranging buffer 57 performg rearrangling
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
9 pets iy y



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 rearrvanging buffer
57, so as to display the image by outputting to an unshown
display.

(0143]

The guantization parameter calculating unit 59 restores
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 guantization parameters
memory unit 592.

[0144]

The computing unit 581 uses information supplied from
the lossless decoding unit 52 and quantization parameters
stored in the quantization parametersg memory unit 592 to
restore the guantization parameter used in the quantization

he encoding to which the block to be decoded hag been

ot

in
subjected to, and outputs to the inverse gquantization unit
53. The computing unit 591 also'stores the guantization
parameter of the block to be deceded in the guantization
parameters memory unit 592.

[0145]



The computing unit 581 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
guantization parameters SliceQPY, and outputs to the inverse
gquantization unit 53.

[0146]

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 cquantization parameters
memory unit 592, and calculates the gquantization parametexr
of the block to be decoded. The computing unit 59%1 outputs
the calculated guantization parameter to the inverse
gquantization unit 53. In this case, the computing unit 531
reads out, from the guantization parameterg of the decoded
blocks stored in the gquantization parameters memory unit 592,
the guantization parameters of decoded blocks spatially or
temporally peripheral to the block to be decoded. The
computing unit 5921 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 gquantization using guantization parameters is not

performed, and takes as selection candidates. Further, the



computing unit 591 setsg identification information, i.e.,
index (ref gp block index) equal to the difference computing
unit 192 as to the guantization parametersg of each cof the
candidates. That is to say, the computing unit 5%1 sets the
index (ref gp block index) with adjacent decoded blocks in a
predetermined order of array. The computing unit 591
performs computation of the Expression (31) using the
guantization parameter "ref gp{ref gp block index)*
corregponding to identification information supplied from
the logsless decoding unit 52, i.e., the prediction
guantization parameter and the difference indicated by the
difference information supplied from the lossgless decoding
unit 52 (gb _gp delta). The computing unit 91 outputs the
calculated quantization parameter (CurrentQP) to the inverse
guantization unit 53 as the quantization parameter to be
decoded. Also, in the event that there is no selection
candidate, the computing unit 591 outputs the guantization
parameter of the initial value in the slice to the inverse
gquantization unit 53.

[0147]

Also, 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 crder of array. Accordingly, even if the order of



array is changed at the image encoding device 10, the
quantization parameters used at the image encoding device 10
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.

[01491

The intra predicticn 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.
fo1s501

The motion compensation unit 72 reads out referencs
image data from the frame memory 61 based on the prediction
mode information and motion vector supplied f£rom the
lossless decoding unit %2 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.

(01511



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 B2. The selector 73 outputs the prediction
image data generated at the selected intra prediction unit

71 or motiocn cowpensation unit 72 to the adding unit 55.

e

063152]

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 cutputs the prediction
image data generated at the selected intra prediction unit
71 or motion compensation unit 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 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 ig, the guantization data of each picture encoded by

the losslesgss encoding unit 16 in Fig. 3 is obtained. Also,

s

the lossless decoding unit 52, performs leossless encoding of
prediction mode information included in the stream
information, and in the event that the obtained Qredicﬁion
mode information is information relating to the intra
prediction mode, ocutputs the prediction mode information to
the intra prediction unit 71. Also, in the event that the
prediction mode information is inforwation relating to the
inter prediction mode, the lossless decoding unit 52 outputs
the prediction wmode information to the motion compensation
unit 72. Further, the lossless decoding unit 52 outputs the
difference motion vectors, threshold values, or threshold
generating information, cobtained by decoding the stream
information, to the motion compensation unit 72.
[0155]

In step 8T93, the inverse guantization unit 53 performs

inverse guantizatlion processing

.

The inverse guantization
unit 53 performs inverse guantization on the guantization
data decoded by the inverse decoding unit 52 with properties
corresponding to the properties of the gquantization unit 15
in Fig. 3.
[0156]

In step $ST9%4, the inverse orthogonal transform unit 54

performs inverse orthogonal transform processing. The



inverse orthogonal transform unit 54 performs inverse
orthogonal transform on the transform coefficient data
subjected to inverse quantization by the inverse
guantization unit 53 with properties corresponding to the
properties of the orthogonal transform unit 14 of Fig. 3.
[0157]

In step STY5, 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 5T99, and generates decoded image data. Thug, the
original image is decoded.

[o1s8]

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

the decoded image.

In step ST%7, 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 output from the adding unit 55 are used as reference
image data to generate prediction image data.

{0160]



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 logsless 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 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 gelects 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 to the adding unit 55, so
as to add to the output of the inverse orthogonal transform

unit 54 in step ST95, as described above.



[0163]

In step 8T100, the screen rearranging buffer 57
performs image rearranging. That is to say, in the screen
rearranging buffer 57, the order of frames rearranged for
encoding by the sgcreen rearranging buffer 12 of the image
encoding device 10 in Fig. 3 is rearranged to the original
order for display.

[0164].

In step STL01, 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 1s displaved.

[0165]

Next, the prediction image generating processing in
step 8798 in Fig. 20 will be described with reference to the
flowchart in Fig. 21.

[0166]

In step 8Ti1ll, 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 losgless decoding unit 52 supplies the
prediction mode information to the intra prediction unit 63
and advances to step ST112. Alsc, in the event of the

prediction mode information not being inter prediction mode



information, the lossless decoding unit 52 supplies the
prediction mode information to the metion compensation unit
72, and proceeds to step STLL3.

[0167]

In step ST1il12, 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

gsupplied from the adding unit 55, and generates prediction

[o168]

In step STL13, 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 losslesg decoding unit 52
such as prediction mode information and so forth.

[0169]

Fig. 22 is 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
guantization parameter unit minimum size, e.g.,

"log2 min gp unit size offget” from the stream information,



and advances to step STL22.
{0170}

n step 87122, the image decoding unit 50 calculates

bt

the quantization parameter unit minimum size. The imagse
decoding unit 50 performs the computation of Expression (26)
using "logZ min gp unit size offset”, and parameter

"log2 min transform unit size minus2" which decides the
rransform unit minimum size (MinTransformUnitSize), and
calculates the guantization parameter unit minimum size
(MinQpUnitSize). Also, the image decoding unit 50 may
calculate the guantization parameter unit wminimum size
{(MinQpUnit3ize) by the computation of Expression (29).
(01711

In step STi23, the imzge 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 ST124, and in the event that there
exists no frame to decode, ends the procesging.

[o172]

In step ST1l24, the image decoding unit 50 determines
whether or not there exists a slice to decode. In the event
that there exists a slice to decode, the image decoding unit
50 advances to step 8T125, and in the event that there
exists no slice to decode, returng to step $TL23.

[6173]



In step 87125 the image decoding unit 50 extracts
information for obtaining the quantization parameter of the
initial value in the glice. The lossless decoding unit 52
of the image decoding unit 50 extracts, for example,
"pic_init gp minus26" from a picture parameter set (PPS:
picture parameter set). Also, "slice gp delta" is extracted
from the glice header, and advances to step ST126.

{0174

Tand

In step 87126, the image decoding unit 50 calculates
the guantization parametexr of the initial value in the slice.
The guantization parameter calculating unit 59 of the image
decoding unit 50 performs computation of Expression (30)
using "pic_init gp minus26" and "slice gp delta"™, calculates
quantizastion parameter SliceQPY, and advances to step STL127.
[6175]

In step 87127, the image decoding unit 50 determines
whether or not there exists a coding unit CU to decode. In
the event that there exists a coding unit to decode, ths
image decoding unit 50 advances to step 87128, and in the
event that there exists none, returns to step STi24.

[0176]

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 sgets identification information to the



selection candidates in the same way as with the information
generating unit 19 of the image encoding device 10. That is
to say, the quantization parameter calculating unit 52 takes
quantization parameters of decoded codings spatially or
tamporally 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 eéual to another
candidate, these are excluded from selection candidates.

The guantization parameter calculating unit 59 sets
identification information equal to the image encoding
device 10, e.g., index (ref gp block index), to the
guantization parameters of the candidates, and advances to
step STLZ9.

[0177]

In step $T129, the image decoding unit 50 cbtains
identification informaticn and difference information. The
logsless 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, 1.e., the index (ref gp block index} and
difference gb_gp delta). The lossless decoding unit 52
supplies the extracted identification inform&tion and

difference information to the quantization parametexr



calculating unit 59 ad advances to step ST130.
[0178]

In step ST130, the image decoding unit 50 uses the
identification information and difference information to
calculate quantization parameters. The guantization
parameter calculating unit 5% of the image deccding unit 50
performs the computation of Expression (31) using the
quantization parameter "ref gp (ref gp block index”
corresponding to the index (ref gp block index) which is
identification information, and (gb_op delta) which is
difference information. That is to say, by adding the
difference to the prediction guantization parameter, the
guantization parameter of the coding unit to be deccded is
calculated. The guantization parameter calculating unit 59
outputs the guantization parameter of the coding unit to be
decoded (CurrentQP) to the inverse guantization unit 53, and
returns to step STi24.

[0179]

Thug, 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 blocksg 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



identification information and difference information at the
image encoding device 10, the guantization parameters
relating to esach 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 Devices

}w\.

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. Alsco, a guantization parameter selected from
the gelection candidates in accordance to a quantization
parameter set as to the block to be encoded is taken asg a
prediction guantization parameter. Further, encoding
efficiency of guantization parameters is improved Dby
including, in the stream information, ildentification
information for selecting the prediction quantization
parameter from the selection candidates, and difference
information indicating the difference between the prediction
gquantization parameter and the gquantization parameter set to
the block to be encoded.

[0181]

However, the selection candidates are not regtricted to



guantization parameters of encoded blocks spatially or
temporally adjacent to the block to be encoded, and the last
updated guantization parameter may be included in the
selection candidates. As desc:ibad later, even a block
where encoded blocks spatially or temporally adjacent do not
involve inverse guantization, a quantization parawmeter of a
block at a position near to the block to be encoded can be
set as a prediction quantization parameter. Further,

uantization parameters may be implicitly or explicitly

Q

predicted quantization parameters of selection candidates,
and difference information indicating the difference between
the predicted guantization parameters and the guantization

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

Next, description will be made regarding a case of
deriding the quantization parameter unit minimum size
(MinQpUnit8ize) in accordance with the coding unit size, and
implicitly or explicitly selecting a prediction quantization
parameter from guantization 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]



i
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In the event of implicitly or explicitly selecting a
prediction quantization parameter from quantization
parameters of selection candidates, the image encoding
device includes distinguishing information
"gp explicit flag" indicating whether to explicitly or
implicitiy decide guantization parameters. Also, an
arrangement may be made with the image encoding device and
image decoding device where whether to implicitly decide or

explicltliy decide guantization parameters 1s decoded

[0184]

To inplicitly decide guantization parameters means a
prediction qguantization parameter equal to the image
encoding device can be selected at the image decoding device,
without supplyving identification information to select the
prediction guantization parameters from the selection
candidates from the ilmage encoding device to the image
decoding device. Specifically, thexe is a method of
selecting a gquantization parameter from the selection
candidates based on a priority order decided beforshand and
deciding the prediction guantization parameter, a method of
taking a stochastic value of gquantization parvameters of the
selection candidates as a prediction guantization parameter,
a method of weighting guantization parameters of the

selection candidates in accordance to digtance from the



current block, and taking a stochastic value of weilghted
guantization parameters as a prediction gquantization
parameter, or the like.

[0185]

To explicitly decide guantization parameters means a
prediction quantization parameter egual to the image
encoding device can be selected at the image decoding device,
by supplyving identification information to select the
prediction guantization parameters from the selection
candidatesg from the image encoding device to the image
decoding device., 8pecifically, there is 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 guantization parameter
of the selection 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.

Fig. 23 is a flowchart for describing another operation
of the image encoding device, i1llustrating slice encoding
processing. In step 8T141, the image encoding device 10
determines whethey or not a coding unit CU to be encoded

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



subijected to encoding proces:

w

ing exists in a slice to be

encoding processed, the imag

B

encoding device 10 advances to
step S8T142. 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 8T142, the image encoding device 10 splits the

coding unit CU. The image encoding device 10 splits the

i‘d -
¥
i
Q2

Y o
iR =
=8 2y

ceding unit CU as illustrated in
the coding unit where the cogt 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 gyntax", a "split coding unit flag¥ eguivalent to the
split f£lag in Fig. 5.

[o188]

In step 57143, the image encoding device 10 determines
whether or nob inverse guantization ig involved with the
coding unit to be encoded. In the event that the coding
unit CU to be encoded ig a block of a mode which does not
need inverse guantization using guantization parameters Lo
perform decoding, e.g., skip mode or I _PCM mode, or direct

mode {CBP (Coded Block Pattern) = 0) block, the image

encoding device 10 returns to step 57141, and in the event



of a block where inverse gquantization is performed, advances
to step 5T1l44.
[0189]

In step ST144, the image encoding device 10 determines
whether or not the gize of the coding unit CU is
tlog2MinQpUnitSize" or greater. In the event that the size
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
"log2MinQpUnitSize® or greater, the image encoding device 10
advances to step ST15Z.

[0190]

In step 87145 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 isg
small, and advances to step ST146.

[0191]

In step ST146, the image encoding device 10 determines
whether or not distinguishing information "gp explicit flag®
enapling identification of whether quantization parameters
are to be predicted implicitly or explicitly is "1". 1In the

event that the distinguishing information "gp_ explicit flag"



is "1%, and guantization parameters are to be predicted
explicitly, the image ehcoding device 10 advances to step
8T147. Also, in the event that the distinguishing
information "gp explicit flag® is "0 and gquantization
parameters are to be predicted implicitly, the 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"
ig set to "1" and the cost function value in the event that
the distinguishing information "gp explicit flag"™ is set to
"0, 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 instruction
[0152]

In step ST147, the image encoding device 10 generates
identification information. The image encoding device 10

selects a candidate from the selection candidates such that

ot

he difference as to the guantization parameter of the
coding unit to be encoded is smallest at the information

generating unit 12 as described above, and takes this to be



rediction cuantization parameter. The image encoding

[

device 10 takes, for example, gquantization parameters of
engoded blocks spatially or temporally adjacent to the block
to be encoded, the last updated guantization parameter, and
the processing procedures get at the head block of the glice,
as selection candidates. The image encoding device 10

selects a candidate from the selection candidates where the

Qs
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erence as to the gquantization parametexr 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 indew (ref gp block index) of
the selected candidate to be identification information for
selecting a prediction guantization parameter from the
selection candidates, and advances to step 8T148,.

o

[0193

e

In step 87148, the image encoding device 10 includes
the identification information in the siream information.
The image encoding device 10 includes the identification

information generated in step 87147, and advances ts step

In step 8T149, the image 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 equal to the image decoding unit 50.



As for a method for predicting the guantization parameter,
the prediction guantization parameters is decoded baged on a
priority 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
‘distanc& 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 ST130.

[0195]

In step STi50 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
information generated in step ST147 and the quantization

parameter decided in step §T145, or the difference between

the prediction quantirzation parameter decided in step $5T149
and the guantizatlion parameter decided in step ST145. The
image encoding device 10 generates difference information

indicating the calculated difference and advances to step

[0136]



In step ST151, the image encoding device 10 includes
the difference information and distinguishing information in
the gtream information. The image encoding device 10
includes the difference information generated in step ST151
and the distinguishing information "gp explicit 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 ST152.
[0197]

In step 8T152, the image encoding device 10 performs
quantization of the coding unit CU. The image encoding
device 10 performs guantization of the coding unit using the
decided guantization parameter, and returns to step ST141.

[o198]

&

ig. 24 1is an operation example in a case of implicitly
predicting gquantization parameters, and Flg. 25 illustrates
a flowchart example in a case of explicitly predicting
guantization parameters. Nobte that a case of three

ection candidates is illustrated to facilitate

}‘-3
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description.

Bl

0199]

foul

As illustrated in (A) in Fig. 24, the guantization
parameter of the block to be encoded in the frame to be

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



are the gquantization parameter "QP A" of the encoded block
adjacent to the left, the gquantization parameter "QP_B" of
the adjacent encoded block, and the quantization parameter
"QP_LS" of a decoded coding unit.

{02001

In Fig. 25, in step ST161 the image encoding device 10
determines whether or not gquantization 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 deoes not need inverse
guantization using guantization parameters to perform
ecoding, 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 and advances tao
step ST162. Also, in the event that at least one of the
gquantization parameter "QP A" and the guantization parameter
"OP B" is a mode which does not need inverse quantization,
advances to step STL63.
[0201]

In step 87162, the image encoding device 10 takes the
average value of quantization parameters "QP A" "QP B" to be
prediction guantization parameter JdQP. That is to say, as
illustrated in (B) in Pig. 24, in the event that
guantization parameters "QP A" QP BY can be referenced, the

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



QP A + QP B + 1) / 2" is taken as the prediction
guantization parameter dQP.
fo202]

In step ST163, the image encoding device 10 determines
whether or not the guantization parameter "QP A" can be
referenced. In the event that the encoded blceck adiacent to
the left is not a wode where there ig no need to perform
inverse guantization, the image encoding device 10
determines that thig can be referenced, and advances to step
ST164. Also, in the eveni that the encoded block adjacent
o the left is a2 mode where there is no need to perform
inverse guantization, the image encoding device 10
determines that this cannot be referenced, and advances to
step STL65.

[0203]

In step 8T164, 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
guantizatlon parameter "QP A" can be referenced and the
quantization parameter "QP B" camnot be referenced, as
illustrated in (C) in Fig. 24, the quantization parameter
"QOpP 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.



(02047

]

n gtep S8T165, the image encoding device 10 determines
whether or not the quantiiation parameter "QP B" can be
referenced. In the event that the encoded block adijacent
above is not a mode where there is no need to perform
inverse guantization, the image enceding device 10
determines that this can be referenced, and advances to step
ST166. Also, in the event that the encoded block adjacent
above 1g a mode where there is no need to perform inverse
gquantization, the image encoding device 10 determines that
this cannot be referenced, and advances to gtep ST167.
f0205]

In step ST166, the image encoding device 10 takes the
gquantization parameter "QP B" as the prediction guantization
parameter dQP. That is to say, in the event that the
guantization parameter "QP B" can be referenced and the
guantization parameter "QP A" cannot be referenced, as
illustrated in (D) in Fig. 24, the cuantization parameter
"OP BY is taken as the prediction quantization parameter dQP.
[0206]

In step 8T167, the image encoding device 10 takes the
guantization parameter "QP LS" as the prediction
gquantization parameter dQF. 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
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ig no need to perform inverse guantization, the guantization
parameter "QP LS" is taken as the prediction quantization
parameter dQP.
[0207]

Fig. 26 illustrates another operation example of a case
of implicitly predicting guantization parvameters. For
example, as illustrated in (E) in Pig. 24, in the event that

the encoded block adijacent to the left and the encoded block

=

adjacent above are a mode where there is no need to perform
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 guantization parameter "QP C" of the encoded
block adiacent to the upper right, the guantization
parameter "QP D' of the encoded block adjacent to the upper
left, and the quantization parameter "QP E" of the encoded
block adijacent to the lower left, are added to the selection
candidates.
10208}

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

"OP D", and "QP E" can be referenced asg illustrated in (B)

!—IJ

in Fig. 26, the image encoding device 10 takes the average

!..J

value "(QP C + QP D + 1) / 2" of the guantization parameters
"QP C" and "QP D", or the median, as the prediction

guantization parameter dQP.



[0209]

In the evenﬁ 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) / 27 of the quantization parameters
QP C" and "QP D' as the prediction quantization parameter

dQP.

In the svent that the

3

antization parameters "QP DV
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 parameters
"QP D' and “QP E" as the prediction gquantization parametex
dQP.
{02111

in the event that the guantization parameters "QP_C*
and "QP_E" can be referenced ag 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
4aQp.
[o212]

In the event that the guantization parameters "QP C",
"OP D', and "QP E'" cannot be referenced as illustrated in

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



gquantization parameter "QP LSY" 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 guantization
parameters that can referenced is one, asg illustrated in (G)
through (I) in Fig. 26, this guantization parameter that can
referenced may be used as the prediction guantization
parameter dQP.

(02141

Thus, the image encoding device 10 takes quantization
paraneters such as encoded blocks spatially or temporally
adjacent to a block to be encoded as selection candidates,
and selects a prediction cuantization parameter from the
selection candidates in accordance with a set quantization
paramneter. Also, the image encoding device 10 generates
identification information for selecting a prediction
guantization parameter Lrom the selection candidates.
Further, the image encoding device 10 genervatesg difference
information indicating difference between the prediction
guantization 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 in stream information. By performing



guch procegsing, the difference between the guantization
parameter of the block to be encoded and the prediction
guantization 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 quantization parameter
equal to the image encoding device 10 can be used at the
image decoding device 50, without including identification
information to select prediction gquantization parameters
from the selection candidates in the stream information.
Further, by including distinguishing infermation in the
stream information, explicit prediction of prediction
gquantization parameters and implicit prediction of
prediction gquantization parameters can be adaptively
switched.

[0216]

¥Fig. 28 is a flowchart for describing other operations
of the image decoding device. In step 8T127 in Pig. 22, in
the event that determination is made that a coding unit to
decode exists, the ilmage decoding unit 50 performs
processing from step ST171, and performs decoding of the
coding unit.

[0217]



In step 87171, the image deccding unit 30 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
gyntax" enabling determination of the size of the coding
unit, information "log2 min gp unit size offset® enabling
determination of the guantization parameter unit minimum
size, distinguishing information "gp explicit flag®, and so
forth, are extracted, and advances to step STL172.

[0218]

In step 8T172, 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
stCep STL73.

[c2

,.w!
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Lot

In step ST173, the image decoding unit 50 determines
whether or not the coding unit CU to be decoded involves
inverse guantization. In the event that the coding unit CU
to be encoded is a mode where inverse guantization using
guantization parameters is performed, the image decoding
unit 50 advances to step S8T174, and in the event of a block
where inverse guantization using guantization parameter is
not necessary, the decoding processing ends,

[0220]



In step ST174, the image decoding unit 50 determines
whether or not the size of the coding unit CU is
“logMinQpUnitSize” or greater. In the event that the size
of the coding unit CU is "log2MinQpUnitSize" or greater, the
image decoding unit 50 advances Lo 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 steap STL80.

[0221]

In step 87175, the image decoding unit 50 determines
whether or not distinguishing information "gp explicit flag®
is "1*, In the event that the distinguishing information
"gp_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.V Also, in
the event that the disgtinguishing information

"gp_explicit flag® is "0" and guantization parameters are to
be predicted implicitly, the image decoding unit 50 advances
to step STL78.

f0222]

In step ST176, the image decoding unit 50 extracts the
index (ref gp block index) from the stream information and
advances to step ST177.

[0223]

In step ST177, the image decoding unit 50 decides the
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rediction quantization parameter dQP. The image decoding
unit 50 selects the guantization parameter based on the
index (ref gp block index) from gquantization parameters of
selection candidates, equal to the image encoding device 10,
decides the selected quantization parameter to be the
prediction gquantization parameter dQP, and advances to step
ST179.

[0224]

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

foz25]
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In step 87179, the image decoding unit 50 calculates
the gquantization 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 quantization of the coding unit. The image decoding
unit 50 performs inverse quantization of the coding unit
using the decoded guantization parameter,

[0227]

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

[oz228]
<7. Case of Software Processings

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
seguence is installed in mewmory within a computer built into

dedicated hardware, and ig executed. Alternatively, a
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program may be installed in a general-purpose computer by
which various types of procegsing 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 computer 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 RAM 803 are mutually connected via a bus 804.
[0231)

An input/output interface 805 is algo connected to the
CPU 801 via the bus 804. An input unit 806 such ags a touch
panel, keyboard, mouse, microphone, ox the like, and an
output unit 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 ocutputs 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



records programs which the CPU 801 executes, and various
types of data. A communication unit 809 communicates with
external deviceg via cable or wireless communicétion media
such as networks like the Internet or local area networks,
or digital broadcasting ox the like. Also, the computer
device 80 may acquire programs via the communication unit
8§09 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 disgk, 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 801 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
procegsing of stream information.

[0235]
<8. Case of 2Applying to Electronic Devicess

Also, in the above, the K.264/AVC format has used as
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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
prediétion/compensatiom processing.

[023¢]

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, via network media such as satellite broadcasting,
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 memoxry.
(02371

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 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 202, a demultiplexer 903, a
decoder 904, a video signal processing unit 905, a display

unit 906, an audio gignal processing unit 907, a speaker 908,

ki



and an external interface unit 903. Furtherﬁore, the
television apparatus 90 has a control unit 910, a user
interface unit 911 or the like.

[0239]

The tuner 2802 performs demodulation by choosing a
desired channel from the broadcast wave gignals 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 audioc of a program to be viewsed from a stream and
outputs the data of extracted packets to the decoder $504.
2lgo, the demultiplexer 903 supplies the 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
the like.

(o241}

The decoder 9204 performs decoding process of the packet,
and outputs the video data generated by being subjected to
decoding processing to the video sgignal processing unit 905
and audio data to the audio signal procesging unit 907.
02421

The video gignal processing unit 205 performs video

processing according to the noise reduction and user



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 805 generates 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 $05 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 disgplay device (e.g.,
liquid crystal display device or the like) based on the
driving signal from the video signal processing unit 9205 so
as to display the video of the progran.

(0244}

The audic signal procesgsing unit 907 subjects the audio
data to predetermined processing such as noige reduction and
performs audio ocutput by performing D/A converting
procegsing and amplifying processing of the audio data after

processing and supplying to the speaker 908.

y

0245]
The external interface unit 20% is an interface to be
connected to external equipment or a network, and performs

data transmission and reception of such as video data ox



audio data.
f0246]

The user interface unit 911 is connected to the control
unit 910. The user interface unit 911 is configured of an
operation switch cor a remote control signal receiver or the
like, and supplies operation signals according to user
operation to the control unit 210.

[0247]

The ceontrol unit 910 is configured using a CPU (Central
Procesgsing Unit), memcry or the like. The memory stores
programg to be executed by the CPU, and various data
neceggary 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

starting up the television apparatus

i

Jsuch as at the time o
90 and is executed. The CPU controls each part so that the
televigion apparatus 20 operates acccrding to user
operations by executing a program.

[0248]

Note that with the television apparatusg 90, a bus 912
ig provided to connect a tuner 902, a demultiplexer 203, a
video signal processing unit %05, an audio signal processing
unit 907, an external interface unit 909 and a control unit
210.

[0249]



. With the television apparatus thus configured, the
function of the image decoding device (image decoding
method} ©f the present application is provided to the
decoder 904, Therefore, even 1f processing is performed in
the image encoding processing at the broadcasting station
side to reduce the amount of code necessary for transmitting
guantization parameters, the television device can correctly

restore the quantization parameters and generate a decoded

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 audio codec 923, a camera unit
- 926, an image processing unit 927, a multiplex separating
unit 928, a record reproduction unit 829, a display unit 930,
and a contrel unit 931, These are connected each cther
through a bus 933.

[(0251]

Also, an antenna 921 ls 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



such as transmiﬁsion and reception of audio signals,
transmisgion and reception of emall and image data, image
ghooting, data recording, and so forth, in various modes
such as audio call mode or data communication mode.

[0253]

In an audio call mode, audio signals generated at the
microphone 925 are converted to audic 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 Lreguency
conversion processing of audio data to generate transmission
signals. Also, the communication unit 922 supplies
transmission gignals to the antemnna 921 so as to be
transmitted to an unshown base station. Also, the
communications unit 922 performs amplification, freguency
convergion processing, and demodulation processing of
reception signals received at the antenna %21, 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]

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

i
[

ext data input by the operation of the operating unit 932



and displays the input text to the display unit 930. Also,
the control unit 931 generates emall data based on user
ingtructions at the coperating unit 932 and supplies 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
transmigeion signals £rom the antenna %21. Also, the
communication unit 922 performs amplification, Erequency
conversion processing, and demodulatiocn processing of the
reception signals received with the antenna 921, and
restores the ewall data. This emall 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 emall data in storage medium in the
recording/playback unit 929. The storage medium is any
storage medium which ig readable/writeable. For example,
the storage medium is semiconductor memory such as RAM or
built-in flash wmemory, removable media such as a hard disk,
a magnetic disk, an MO disc, an optical disc, USB memory, a
mamory 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 927. The
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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 procegsing 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 pexrforms demodulation
processing, Ifreguency 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, freguency
conversion processing, demodulation processing, or the like
of the reception signals received at the antenna 921, and
restores the multiplexed data. Thig multiplexed data is

supplied to the multiplex separating unit 928. The

multiplexed data, and supplies the stream information to the
image processing unit 227 and the audio data to the audio

codec 923.

The image processing unit 527 performs decoding
processing of the encoded data, and generates image data.
This image data ig supplied to the display unit 930 to

display the received image. The audio codec 923 converts
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the audio data into analog audio signals and supplies to the
speaker 924 to output the received audio.
[0259]

With the cellular telephone device thus configured, the
image processing unit 3527 has functions of the present
application. Accordingly, data can be reduced when
performing encoding processing and transmisgion of images,
for example. Also, in the decoding processing of the
recelved image, the guantization parameters can be restored
and a decoded image can be generated.

[0260]

Fig. 32 exemplarily illustrates a schematic

present technology has been applied. The recording/playback
device 94 records, for example, audio 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
acqgulire, for example, audio data and video data from other
devices, so as to record to a recording medium. Furthe;more,
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

audio output on monitor devices.



[0261]

The recording/playback device 94 has a tuner 941, an
external interface unit 942, an encoder 943, an HDD (Hard
Disk Drive) unit %44, a disk drive 245, a selector %946, a
decoder 947, an 0SD (On-Screen Display) unit 948, a control
unit 949, and a usex interface unit 950.

{02621

The tuner 941 chooseg 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 exterxnal interface unit 942 is configured of at
least any one of an IEEE1394 interface, a network interxrface
unit, a USB intexrface, 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.

[D264]

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.



[0265]

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

[0268]

he 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-Videc, 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 selectg, at the time of the recording
of wvideo and audio, either stream from the tuner 9241 or
encoder 943, and supplies to either of HDD unit 9244 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 %45 to the decoder %47.

o268l

The decoder %47 performs decoding process of the stream.
The decoder 547 gupplies the generated video data to the 08D
unit 948 by performing decoding processing. Alsoc, the
decoder 947 outputs the generated audio data by performing
decoding processing.
[0269]

The 08D 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 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 executed at
a predetermined timing such ag 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 asccordance with usexr operation, by executing a program.
[0272]

With the recording/plavback device thus configured,
functions of the present 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 processing of the recorded

image, the gquantization parameters can be restored and a



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 procesging 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 038D unit 969, and a control unit 870. Also, a
user interface unit 971 ig connected to the control unit $70.
Furthermere, the image data processing unit 964 and external
interface unit 966, menmory unit 967, media drive %68, 08D
unit 969, and control unit 870 and so forth are connected

via a bus 972.

The optical block 961 is configured of a focusing lens,
diaphragm wmechanism, and so forth. The optical block 3861
imageg an optical image of a subject on an imaging face of
the imaging unit 962. The imaging unit %62 is configured

using a CCD or CMOS image sensor, and electrical signals



corresponding to the optical image are generated by

ph&toelectric conversion and supplied to the camera signal
processing unit 9623.
102761

The camera signal processing unit 963 performs various
kinds of camera signal processing such as KNEE correction
and gamma correction, color correctiocn 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 %66 and
media drive %68. Also, the image data processing unit 964
performs decoding procesging of the stream information
gupplied from the external interface unit 266 and media
drive 968. The image data processing unit 964 supplies the
generated image data to the display unit 965 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



unit 9265, and processing to superimpose data for display
acguired from the 08D unit 989 onto the image data and
gsupply to the -display unit 265.

[0278]

The OSD unit 9269 generates data for display such as a
meni screen or the ilcon made of silgns, text or shapes, and
outputs to the image data processing unit 264.

[0279]

For example, the external interface unit %66 1is
configured of USB input and output terminals, and in a case
of performing printing of the image, is connected to a
printer. BAlso, a drive is connected to the external
interface unit 966 according to need, and removable media
guch as a magnetic disk, optical disc, or the like is
mounted ag appropriate, and a program read out thervefrom is
installed according to need. Furthermore, the external
interface unit 966 has a network interface connected to a
predetermined network such as a LAN or the Interneft. For
example, according to the instructions from the user
interface unit 971, the control unit 970 reads out stream
information from the memcry unit %67 so as to be supplied to
the other devices connected via a network from the external
interface unit 966. Also, the control unit 970 acquires
stream information and image data supplied from other

devices via a network, through the external interface unit
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966, so as to supply this to the image data processing unit
964 .
(D280

For example, as for a recording medium driven by the
media drive 9268, any removable media which is readable and
writable may be used, such as a magnetic disk, an MO disk,
an optical disc, and semiconductor memory. Also, with a
recording medium, the kind of removable media is also
optional, and wmay be a tape device, may be a disk or may be
a memory card. As a matter of course this wmay be a non-
contact IC card or the like.

{o281]

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 88D (Solid State Drive) or
the like.
fozs2]

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 controlsg each part so that operations of the imaging



device 96 correspond to user operations, by executing the
program.
[0283]

With the imaging device thus conifigured, the image data
procesging unit 964 is provided with functions of the
present application. Therefore, at the time of encoding and
recording the imaged image to the memory unit 967 or a
recording medium, the amount of data to be recorded can be
reduced. Also, in the deccoding procegging 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 ag being restricted teo 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 cf the
embodiments without departing fxrom the essence of the
present technology. That is, the Claims should be taken
into consideration to determine the essence of the present
technology.

[0285]

Algo, the image decoding device and image encoding

device according to the present technology may asgume the

following configurations.
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(1) An image decoding device, including:

an information acqguiring 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
guantization parameter selected from the selection
candidates; and

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

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

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

the guantization 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 the stream
information, and procegsging 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 quantization parameter
calculating unit takes the selection candidates, having
excluded from the adjacent decoded blocks at least blocks
where gquantization parameters are redundant or blocks where
inverse quantization using quantization parameters is not
performed.

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

{7) The image decoding device according to any one of
(1) through (6), wherein the quantization parameter
calceulating unit includes a guantization parameter updated

last in the selection candidatesg.



(8) The image decoding device according to any one of
(1} through (7), wher@in the guantization parametex
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 ilmage encoding device, comprising:

a control unit comfigured 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 candidates a
prediction quantization parameter in accordance to the set
quantization parameter, and generate difference information
indicating difference between the prediction guantization
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 quantization parameter.

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

guantization parameter is the smallest, as the prediction
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guantization parameter.

{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 guantigzation 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 ig 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 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 (%),
wherein the information generating unit performs
determinatcion of selection candidates in an order set
beforehand, and selects the predictiOnAquamtization
parameter based on the determination result.

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

parameter of which the difference as to the set guantization
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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 gquantization parameter based on the
determination regult, and generates determination
information indicating the selected processing;

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

(16) 7The image encoding device according to any one of
{9y through (15), wherein the information generating unit
takes the selection candidateg, having excluded from the
adijacent encoded blocks at least blocks where quantization
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 cquantization parameter of an initial value in a
glice, and the set quantization parameters.

(18} The image encoding device according to any one of

(9) through (17}, wherein the information generating unit

gelection candidates,

Industrial Applicability
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[0286]

With the image decoding device, image encoding device,
and method thereof, according to this technology,
gquantization parameters of encoded blccks spatially or

temporally adjacent to a block to be encoded are taken as

selection candidateg, and a prediction quantization
‘ p 4

parameter 1s selected from the selection candidates in
accordance to the set guantization parameter. Difference
information indicating difference between the prediction
gquantization parameter and the guantization parameters set
ag to 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 isg
included, a prediction guantization parameter ig selescted
from quantization parameters of decoded blocks spatially or
temporally adjacent to a block to be decoded, and a
gquantization parameter of the block to be decoded is
calculated from the prediction quantization parvameter and
the difference information. Accordingly, even in the event
that stream information is generated with improved encoding
efficiency of guantization parameters, in the event of
decoding this stream information the guantization parameters

can be restored based on the prediction guantization
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parameter and difference information, and decoding
processing can'ée correctly performed. Accordingly, this is
suitable for eguipment which transwmits/receives gstream
information obtained by performing encoding in block
increments, via network media such as satellite broadcasting,
cable TV, the Internet, cellular telephonesg, and the like,
and eguipment and the like which processes this on storage
media such as optical disceg, magnetic disks, flash wemory,
and =so forth.
Reference Signs List
[06287]

10 image encoding device

11 A/D conversion unit

12, 57 screen resrrvanging buffer

13 subtracting unit

14 orthogonal transform unit

15 guantization unit

16 lossless encoding unit

17, 51 storage buffer

18 rate control unit

1% information generating unit

2L, 53 inverse guantization unit

22, 54 inverse orthogecnal transform unit

23, 55 adding unit

24, 56 deblocking filter
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26, 61 frame wmemory

31, 71 intra prediction unit‘

32 motion prediction/compensation unit

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

52 lossless decoding unit

58 D/A converting unit

59 quantization parameter calculating unit
€2, 73 selsctox

72 motion compengation unit

80 computer device

90 television apparatus

92 cellular telephone

94 recording/playback device

96 imaging apparatus

181 qguantization parameter memory unit

182 difference computing unit

591 computing unit

592 guantization parameter memory unit



-129-

CLAIMS

1. An image decoding method, comprising: ,

obtaining, when a block adjacent to the left of a current block and a block adjacent
above the current block are referenceable, a prediction quantization parameter derived from an
average value of a guantization parameter of the block adjacent to the left and a quantization
parameter of the block adjacent above;

obtaining, when the block adjacent to the left and the block adjacent above are not
referenceable, the prediction quantization parameter derived from a quaniization parameter of a
processing unit not adjacent to the current block;

obtaining, from bit stream information, a difference information indicating a difference
between the obtained prediction quantization parameter and a guantization parameter of the
current block; and

generating the quaniization parameter of the current block, from the prediction
guantization parameter and the difference information.

2. The image decoding method of Claim 1, wherein, when the block adjacent to the left and
the biock adjacent above are not referenceable, a quantization parameter of a previous block is
derived to obtain the prediction quantization parameter.

3. The image decoding method of Claim 1, wherein the block is a coding unit, and the
soding unit has a hierarchical structure defined by a hierarchical depth,

4, The image decoding method of Claim 3, further comptising;
performing an inverse quantization by a transform unit included in the coding unit, based
on the calculated quantization parameter of the current block.

5. An information processing apparatus comprising:

a circuiiry configured (o

obtain, when a block adjacent to the left of a current block and a block adjacent above
the current block are referenceable, a prediction quantization parameter derived from an
average value of a quantization parameter of the block adjacent to the left and a quantization
parameter of the block adjacent above;
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obtain, when the block adjacent to-the left and the block adjacent above are not
referenceable, the prediction quantization parameter derived from a guantization parameter of a
processing unit not adjacent to the current block;

obtain, from bit stream information, a difference information indicating a difference
between the obtained prediction quantization parameter and a quantization parameter of the
current block; and

generate the quaniization parameter of the cument block, from the prediction
quantization parameter and the difference information.

8. The information processing apparatus of Claim 5, wherein, when the block adjacent to
the left and the block adjacent above are not referenceable, a quaniization parameter of a
previous block is derived to obtain the prediction quantization parameter.

7. The information processing apparatus of Claim §, wherein the block is a coding unit, and
the coding unit has a hierarchical structure defined by a hierarchical depth.

8. The information processing apparatus of Claim 7, wherein the processing circuitry is
further configured to:

perform an inverse guantization by a transform unit included in the coding unit, based on
the calculated guantization parameter of the current block.

9. The information processing apparatus of claim 5, further comprising:

a video signal processing circuit,

wherein the processing circuitry is further configured fo decode the curmrent block
according to the quantization parameter and obtain video data, and

wherein the video signal processing circuit is configured to perform video processing on
the video data.

10. The information processing apparaius of claim 8, wherein the video processing
performed on the video data comprises a noise reduction of the video data.

11.  The information processing apparatus of claim 10, further comprising:
a display circuit configured {o drive g display device fo display the video data.
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12.  The information processing apparatus of claim 9, further comprising:
a display circuit configured to drive a display device to display the video data.

13. The information processing apparatus of claim 5, further comprising:
a demuttiplexer configured to extract encoded video data and encoded audio dats from a
bit stream, wherain the encoded video data includes the bit stream information.

14, The information processing apparatus of claim 13, further comprising:

a tuner circuit configured to perform demodulation by choosing a desired channe! from
broadcast wave signals received at an antenna and obtain the bit stream including the encoded
video data and the encoded audio data.

15.  The information processing apparatus of claim 13, further comprising:
an audio signal processing circult configured to perform predetermined processing on
audio data obtained by decoding the encoded audio data.

18, The information processing apparatus of claim 15, wherein the predetermined
processing performed on the audio data by the audio signal processing circuit comprises a
noise reduction of the audio data.

17.  The information processing apparatus of claim 16, further comprising:
an audio codec circuit configured to convert the audio data into analog audio signals.

18. The information processing apparatus of claim 15, further comprising:
an audio codec circuit configured to convert the audio data into analog audio signals,

19.  The image decoding method of Claim 1, wherein the quantization parametfer of the
processing unit not adjacent to the current block is an initial value of a quantization parameter in
a slice.

20. The information processing apparatus of Claim 5, wherein the quantization parameter of
the processing unit not adjacent to the current biock is an initial value of a quantization
parameter in a slice.
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IMAGE DECODING DEVICE, IMAGE ENCODING DEVICE, AND METHOD

THEREOF

ABSTRACT

A lossless decoding unit 52 takes quantization
parameters of decoded blocks spatially or temporally
adjacent to a block to be decoded, as selection candidates,
and extracts, from stream information, difference
information indicating difference as to a prediction
guantization parameter selected from the selection
candidates. A guantization parameter calculating unit 59
calculates, from the prediction gquantization parameter and
the difference information, a guantization parameter of the
block to be decoded. Thus, decoding of the image can be
performed correctly by calculating a quantization parameter
equal tc a guantization parameter used at the time of image

encoding.

Figure 18



