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DESCRIPTION
IMAGE PROCESSING DEVICE, IMAGE PRCCESSING METHOD, AND

PROGRAM

TECHNICAL FIELD
[0001]

The present technology relates to an image
processing device, an image processing method, and a
program}-and more particularly to an image processing
device, an image processing method, and a program capable
of reducing the amount of computation required for an
orthogonal transform process or an inverse orthogonal

transform process.

BACKGROUND ART
[0002]

An encoding scheme that uses an orthogonal
transform called a rotation transform (ROT) has been
considered as an encoding scheme corresponding to a next-
generation Advanced video coding (AVC) scheme (for
exanple, see Patent Document 1). The conventional
discrete cosine transform (DCT) which is widely used in
video coding is not optimal in scme situations,

For example, when a transform target has a strong
directional component, the DCT basis vector may not
satisfactorily express the strong directional component.
[0003] |

In general, although directional transform (ROT)
can solve the abeve problem, it is difficult to perform
ROT because the ROT requires many floating point

operations and requires that a transform target block has
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a square shape. In particular, it is more difficult to
apply the ROT when there are a large number of block
sizes.

[0004]

Therefore, a method has been proposed in which a
processing unit that performs ROT with a small number of
bleock sizes is designed, and ROT is performed cn only a
low frequency component as a second transform fellowing
the DCT.

[C003]

Fig. 1 illustrates an example of the steps of
inverse RCT in a decoder that decodes encoded image data
by performing orthogonal transform according to such a
method.

[0006]

White boxes on the left side are image data as
residual information that is extracted from encoded image
data. The image data is dequantized for respective
blocks made up of the pixel values of the 4x4, 8x8, 16x186,
32%x32, 64x64, or 128x128 pixels. Moreover, only a 4x4 or
8x8 pixel block made up of a low frequency component
among the deguantized blocks is subjected to inverse ROT,
and the coefficients obtained after the inverse ROT and
the remaining high frequency component of the dequantized
blocks are subjected to inverse DCT.

[00C7]

By doing so, in the above~described method, it is

necessary tc prepare cnly block sizes of 4x4 or 8x8

pixels as a block size for ROT and inverse ROT.

CITATION LIST
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NON~PATENT DOCUMENT

100087

Non-Patent Document 1: http://wftp3.itu.int/av-
arch/jctve—-site/2010 04 A Dresden/JCTVC-Al24.zip
{searched on October 28, 2010)

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0009)]

However, a problem cccurs when the block size of
the intra prediction is as small as 4x4 pixels.
Specifically, in order to perform intra prediction of the
raspective blocks, since the decoded image data of the
neighboring block including a block to the left of the
corresponding bhlock is required, it is difficult to
perform intra prediction of the respective blocks in
parallel. Moreover, in the above-described method, in
crder to obtain the deccded image data, a large number of
processes such as DCT, ROT, gquantization, dequantization,
inverse ROT, and inverse DCT are required.

[0010]

Thus, when the block size of the intra prediction
is small, the longest period required for encoding and
decoding macroblocks or coding units (CUs) increases, and
it is very difficult to use the above-described method in
applications that require real-time properties. Here,
the CU is the same concept as the macrcblock in the AVC
scheme.

(0011}
The present technology has been made in view of

such a circumstance and aims to reduce the amount of
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processing reguired for ROT and DCT or inverse DCT and

inverse ROT.

SOLUTION TO PROBLEMS
(00123

An image processing device or a program according
to an aspect of the present techncoclogy is an image
processing device including: a dequantization unit that
dequantizes a quantized image to obtain a low freguency
component having a predetermined size of the image, which
is obtained by performing a second orthogonal transform
after a first orthogonal transform, and to obtain a high
frequency component, which is a component cther than the
low frequency compeonent of the image and is obtained by
the first orthogonal transform; and an inverse orthogonal
transform unit that, when a size of the image is the
predetermined size, performs a third inverse orthogenal
transform, which is a combined transform of a first
inverse orthogonal transform corresponding te the first
orthogonal transform and a second inverse orthogonal
transform corresponding to the second orthogonal
transform, on the image which is the low freguency
compenent, and that, when the size of the image is larger
than the predetermined size, performs the second inverse
orthogonal transform on the low freguency component and
performs the'firsﬁ'inVerse orthogonal transform on the
low freguency component having been subjected to the'
second inverse orthogonal transform and the high
frequency component obtained by the degquantization unit,
or a pregram for causing a computer to function as the

image processing device.
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{0013}

An image processing method according to an aspect
of the present technology is an image processing method
including the steps of: deguantizing a gquantized image to
cbtain a low frequency compenent having a predetermined
size of the image, obtained by performing a second
orthogonal transform after a first ortheogonal transform
and to obtain a high freguency component which is a
component other than the low frequency component of the
image, obtained by the first orthogconal transform; when
the size of the image 1s the predetermined size,
performing a third inverse orthogonal transform, which is
a combined transform of a first inverse orthogonal
transform corresponding to the first ortheogonal transform
and a second inverse orthogonal transform corresponding
to the second corthogonal transform, on the image which is
the low frequency cemponent; when the size of the image
is larger than the predetermined size, performing the
second inverse orthogonal transform on the low freguency
component; and performing the first inverse orthogonal
transform on the low frequency compenent having been
subjected to the second inverse orthogenal transform and
the high frequency component obtained by the
degquantization unit.

[0014]

In the aspect of the present technology, a
quantized image is dequantized to obtain a low frequency
component having a predetermined size of the image,
cbtained by performing a second ortheogonal transform
after a first orthogonal transform and to cobtain a high

fregquency component which is a component other than the
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low frequency component of the image, obtained by the
first orthogonal transform. When the size of the image
is the predetermined size, a third inverse orthogonal
transform, which is a combined transform of & first
inverse orthogonal transform corresponding to the first
orthogeonal transform and a second inverse orthogonal
transform corresponding to the second orthogonal |
transform, is perfcormed on the image which is the low
frequency component. When the size of the image is
larger than the predetermined size, the second inverse
orthogonal transform is performed on the low freguency
component, and the first inverse orthogonal transform is
performed on the low frequency component having been
subjected to the second inverse orthegonal transform and
the high freguency component obtained by the

deguantization unit.

EFFECTS OF THE INVENTION
(001517

According to the aspect of the present technology,
it is possible to reduce the amount of processing

required for ROT and DCT or inverse DCT and inverse ROT.

ERTEF DESCRIPTION OF DRAWINGS
[0016)]

Fig. 1 is a diagram illustrating an eXampie of the
steps of ROT in a decoder,

Fig. 2 is a block diagram illustrating a
configuration example of an AVC encoder.

Fig. 3 is a block diagram illustrating a

configuration example of an AVC decoder.



10

15

20

25

30

SP307551W000

Fig. 4 is a block diagram illustrating a
configuration example of portions corresponding to an
orthogonal transformer, a quantizer, a dequantizer, and
an inverse orthogonal transformer when ROT is introduced.

Fig. 5 is a diagram for describing an improvement
of ROT on the encoder side.

Fig. ¢ 1s a block diagram illustrating a
configuration example corresponding to portions
corresponding to a deguantizer and an inverse orthogonal
transformer when ROT is introduced.

Fig. 7 is a diagram for describing an improvement
of ROT on the decoder side.

Fig. 8 is a flowchart for describing the processes
of the encoder.

Fig. 9 is a flowchart for describing the processes
of the enccoder,

Fig. 10 is a flowchart for describing the processes
of the encoder.

Fig. 11 is a flowchart for describing the processes
of the encoder.

Fig. 12 is fiowchart for describing the processes

o]

cf the encoder.

Fig. 13 is a flowchart for describing the processes
of the decoder.

Fig. 14 is a flowchart for describing the prccesses
of the decoder.

Fig. 15 is a flowchart for describing the processes
of the decoder.

Fig. 16 is a block diagram illustrating a
configuration example of an embodiment of a computer to

which the present technology is applied.
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MODE FOR CARRYING OUT THE INVENTION
[0017]

<Embodiment>

[Configuration Example of Encoder]

Fig. 2 is a block diagram illustrating a
configuration example of an embodiment of an AVC encoder
tec which the present technclogy is applied.

[6018]

The encoder of Fig. 2 includes an A/D converter 101,
a frame rearrangement buffer 102, a computing device 103,
an crtheogonal transformer 104, a quantizer 103, a
lossless encoder 106, a storage buffer 107, a deguantizer
108, an inverse orthogonal transformer 108, an adder 110,
& deblocking filter 111, a frame memory 112, a motion
compensator 113, an intra predictor 114, a rate
contreolier 115, a motion predicteor 116, and a selector
137. The encoder of Fig. 1 compresses and encodes an
input image according to the AVC scheme.
[0019]

Specifically, the A/D converter 101 of the encoder
performs A/D conversion on a frame-based image input as
an input signal to obtain digital image data and outputs
the digital image data to the frame rearrangement bhuffer
102 which stores the digital image data. The frame
rearrangement buffer 102 rearraﬁges the frames of the
image arranged in the sfored order for display according
to a group of pilcture (GOP) structure, in the order for
encoding.

[0020]

The computing device 103 subtracts a prediction
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image supplied from the selector 117 from the image read
from the frame rearrangement buffer 102 as necessary.
The computing device 103 outputs an image cobtained as a
result of the subtraction to the orthogonal transformer
104 as residual information. When the prediction image
iz not supplied from the selector 117, the computing
device 103 ocuiputs the image read from the frame
rearrangement buffer 102 to the orthogonal transformer
104 as residual information without any change.
00211

The orthogonal transformer 104 performs an
crthogonal transform corresponding to a block size on the
residual information from the computing device 103.
Specifically, when the block size is 4x4 pixels, the
orthegonal transformer 104 performs a combined transform
of DCT and ROT on the residual information. On the other
hand, when the bleck size is 8x8 pixels, the orthogonal
trangformer 104 performs DCT on the residual information
and performs ROT on coefficients obtained as a result of
the DCT. Moreover, when the block size is larger than
8x8 pixels, the orthogonal transformer 104 performs DCT
on the residual information, performs ROT on a low
frequency component of 8x8 pixels among the coefficients
obtained as a result of the DCT, and uses the
coefficients obtained as a result of the ROT and a
remaining high frequency component as final coefficients.
The orthogonal transformer 104 supplies coefficients
obtained as a result of the orthogonal transform to the
guantizer 105.
[0022]

The guantizer 105 guantizes the coefficients
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supplied from the orthogonal transformer 104. The
gquantized coefficients are input to the lossless sncoder
106.

(0023}

The lossless encoder 106 acquires information
(hereinafter referred to as intra prediction mode
information) that indicates an optimal intra prediction
mode from the intra predictor 114 and acouires
information {hereinafter referred to as inter prediction
mede information) that indicates an optimal inter
prediction mode, motion vector information, and the like
from the motion predictor 116.

[0624]

The lossless encoder 106 performs lossless enceding
such as variable length coding (for example, Context-—
Adaptive Variable Length Coding (CAVLC)) or arithmetic
coding (for example, Context-Adaptive Binary Arithmetic
Coding (CABAC)) on the quantized coefficients supplied
from the guantizer 105 to obtain information cbtained as
a result of the encoding as a compressed image. Moreover,
the lossless encoder 106 performs lossless encoding on
the intra predicticn mode information, the inter
prediction mode information, the motion vector
information, and the like to obtain information cbtained
as a result cof the enceding as header information that is
added to the compressed image. The lossless encoder 106
supplies the compressed image to which the header
information obtained as a result of the lossless encoding
is added to the storage buffer 107 as image compression
information.

[C025]
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The storage buffer 107 temporarily stores the image
compression information supplied from the lossless
encoder 106 and outputs the image compression information
Lo a recording device (not illustrated), a transmission
path {(not illustrated), or the like which is on the
downstream side, for example.

[0026]

Moreover, the guantized cecefficients output from
the guantizer 105 are also input to the dequantizer 108
and deguantized by the dequantizer 108 and are supplied
Lo the inverse corthogonal transformer 109.

(60271

The inverse orthogonal transformer 109 performs an
inverse orthogenal transform correspending to a block
size on the coefficients supplied from the dequantizer
108. Specifically, when the block size is 4x4 pixels,
the inverse orthogenal transformer 109 performs a
combined transform of inverse ROT and inverse DCT on the
coefficients. On the other hand, when the block size is
8x8 pixels, the inverse crthogonal transformer 109
performs inverse ROT con the ceefficients and performs
inverse DCT on the coefficients obtained as a result of
the inverse ROT. Moreover, when the block size is larger
than 8x8 pixels, the inverse orthogonal transformer 109
performs inverse ROT on an 8x8 low frequency component of
the coefficlents and performs inverss DCT on the
coefficients obtained as a result of the inverse ROT and
the rémaining high frequency component. The inverse
orthogonal transformer 109 supplies the residual
informaticn obtained as a result of the inverse

orthogonal transform to the adder 110.

il
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[oozs]

The adder 110 adds the residual information
supplied from the inverse orthogonal transformer 109 to
the prediction image supplied from the intra predictor
114 or the motion compensator 113 as necessary and
obtains a locally decoded image. The adder 110 supplies
the obtained image to the deblocking filter 111 and
supplies the obtained image to the intra predictor 114 as
a reference image.

[0029]

The deblocking filter 111 performs filtering on the
locally deccded image supplied from the adder 110 to
thereby remove a block distortion. The deblocking filter
111 supplies the image obtained as a result of the
filtering to the frame memory 112, which stores the image.
The image stored in the frame memory 112 is output to the
motion compensator 113 and the motion predictor 116 as a
reference image,

[0030]

The motion compensator 113 performs a compensation
process on the reference Image supplied from the frame
memory 112 based on the motion vector and the inter
prediction mode information supplied from the motion
predictor 116 to generate a prediction image. The motion
compensator 113 supplies a cost function valus (details
of which will be described later) supplied from the
motion predictor 116 and the generated prediction image
te the selector 117. '
[0031]

The cost function value 13 also referred to as a

Rate Distortion (RD) cost, and is calculated based on a

i2
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High Complexity mode or a Low Complexity mode as defined
in Joint Mcdel (JM) which is reference software of the
AVC scheme, for example.

[0032]

Specifically, when the High Complexity mode is used
as a method of calculating the cost function value,
processes up to lossless encoding are temporarily
performed on all candidate prediction modes, and a cost
function value expressed by Expression (1) below is
calculated for each prediction mode.

[0033]

Cost{Mode) =D + AR .. (1)
[0034]

Here, "D" is a difference (distortion) between an
original image and a deccded image, "R" is an occurrence
coding rate including the orthegonal transform
coefficients, and "A" is the Lagrange's multiplier given
as a function of a guantization parameter QP.

[40035]

On the other hand, when the Low Complexity mode is
used as a method of calculating the cost function value,
generation of a decoded image and calculation of a header
bit such as information that indicates a prediction mode
are performed on all candidate prediction modes, and a
cost function expressed by Expression (2) kelow is

calculated for each prediction mode.

.{003¢]

Cost(Mode) = D + QPtoQuant (QF) Header Bit .. (2)
[G037]
Here, "D" is a difference (distortion) between an

original image and a decoded image, "Header Bit" is

13
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header bit cf a prediction mode, and "QPtoQuant™ is a
function given as a function of a quantization parameter
QF.

[0038]

In the Low Complexity mode, since it is only
necessary to generate a decocded image in all prediction
modes, and 1t is not necessary to perform lossless
encoding, a small amount of computation is required. In
this example, it is assumed that the High Complexity mode
is used as the method of calculating the cost function
value.

[00391]

The intra predictor 114 performs an intra
predicticn process in all candidate intra prediction
modes in units of blocks of all candidate block sizes
paged on the image read from the frame rearrangement
buffer 102 and the reference image supplied from the
adder 110 to generate a prediction image.

[0040]

Moreover, the intra predictor 114 calculates the
cost function value for all candidate intra prediction
modes and all candidate block sizes. Moreover, the intra
predictor 114 determines a combination of an intra
prediction mode and a block size in which the cost
function value is smallest as an optimal intra prediction
mode. The intra predictor 114 supplies the prediction
image generated in the optimal intra prediction mode and
the corresponding cest function value to the selector 117.
When selection of a prediction image generated in the
optimal intra prediction mode is notified from the

selector 117, the intra predictor 114 supplies the intra

14
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prediction mode information to the lossless encoder 106.
[0041] |

The motion predicteor 116 performs motion prediction
in all candidate inter prediction modes based c¢n the
image supplied from the frame rearrangement buffer 102
and the reference image supplied from the frame memory
112 to generate & motion vector. In this case, the
moticn predictor 116 calculates a cost function value in
all candidate inter prediction modes and determines an
inter prediction mode in which the cost function value is
smallest as an optimal inter prediction mode. Moreover,
the motion predictor 116 supplies the inter prediction
mode informaticon and the corresponding motion vector and
cost function value to the motion compensator 113. When
selection of a prediction image generated in the optimal
inter prediction mode is notified from the selector 117,
the motion predictor 116 outputs the inter prediction
mode information, information on the corresponding motion
vector, and the like to the lossless encoder 1086,

[0042]

The selector 117 determines any one of the optimal
intra prediction mode and the optimal inter prediction
mode as an optimal prediction mode based cn the cost
function value supplied from the intra predictor 114 and
the motion compensator 1132. Morsover, the selector 117
supplies the prediciion image in the optimal prediction
mode to the computing device 103 and the adder 110.
Moreover, the selector 117 notifies selectiocn of the
prediction image in the optimal prediction mode to the
intra predictor 114 or the motion predictor 116.

[0043]

15
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The rate controller 115 controls the rate of the
guantization operation of the guantizer 105 based on ths
image compression information stored in the storage
buffer 107 so that an overflow or an underflow does not
occur.

(00447
Configuration Example of Decoder]

Fig. 3 is a block diagram of an AVC decoder

corresponding to the encoder of Fig. 2.
[0045]

The deccder of Fig. 3 includes a storage buffer 216,
a lossless decoder 217, a deguantizer 218, an inverse
orthogeonal transformer 219, an adder 220, & frame
rearrangement buffer 221, a D/A converter 222, a frame
memory Z23, a motion compensator 224, an intra predictor
225, a deblocking filter 226, and a switch 227.
[0046]

The storage buffer 216 stores the image compression
information transmitted from the encoder of Fig. 2. The
lossless decoder 217 reads and acquires the image
compression information from the storage buffer 216 and
lossliessly deccdes the image compression information
according to a scheme corresponding te the lossless
encoding scheme of the lossless encoder 106 of Fig. 2.
[0047]

Specifically, the lossless decoder 217 losslessly
deccdes the header information in the image compression
infermation to acguire the intra prediction mode
infermation, the inter prediction mode information, the
motion vector information, and the like. Moreover, the

lossless decoder 217 losslessly decodes the compressed
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image in the image compression information.
[0048]

Moreover, the lossless decoder 217 supplies
quantized coefficients obtained as a result of lossless
decoding of the compressed image to the dequantizer 218§.
The lossless decoder 217 supplies the intra prediction
mode infdrmation obtained as a result of the lossless
decoding to the intra predictor 225 and supplies the
inter prediction mode information, the motion vector
information, and the like to the motion compensator 224.
[0049]

The dequantizer 218 has the same configuration as
the deguantizer 108 of Fig. 2 and dequantizes the
guantized coefficients supplied from the lossless decoder
217 according to a scheme corresponding to the
quantization scheme of the quantizer 105 of Fig. 2. The
deguantizer 218 supplies the coefficients obtained as a
result of the deguantization to the inverse orthogonal
transformer 219.

(00507

The inverse orthogonal transformer 219 performs an
inverse orthogonal transform corresponding to a block
size on the ccefficients supplied from the dequantizer
218 in a manner similarly to the inverse orthogonal
transformer 109 of Fig. 2. The inverse orthogonal
transformer 219 supplies the residual information
obtained as a result of the inverse orthogonal transform
to the adder 220.

[0051]
The adder 220 adds the residual information

supplied from the inverse orthogonal transformer 219 to

fendt
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the prediction image supplied from the switch 227 and
decodes the added result as necessary. The adder 220
supplies a decoded image obtained as a result of the
decoding te the intra predictor 225 and the deblocking
filter 226.

[G6052]

The deblocking filter 226 performs filtering on the
decoded image supplied from the adder 220 to thereby
remove a block distortion. The deblocking filter 226
supplies an image obtained as a result of the filtering
to the frame memory 223, which stores the image, and
cutputs the image to the frame rearrangement buffer 221,
[0053]

The frame rearrangement buffer 221 rearranges the
image supplied from the deblocking filter 226.
Specifically, the order of frames of the image arranged
for encoding by the frame rearrangement buffer 102 of Fig.
2 is rearranged tc the original display crder. The D/A
converter 222 performs D/A conversion on the image
rearranged by the frame rearrangement buffer 221 and
cutputs the converted image to a display (not
illustrated), which displays the image.

[0054]

The frame memory 223 reads the image stored therein
as a reference image and outputs the reference image to
the motion compensator 224.

[0055]

The intra predictor 225 performs an intra
prediction process in the optimal intra prediction mode
indicated by the intra prediction mode information based

on the intra prediction mode information supplied from

i8
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the lossless decoder 217 to generate a prediction image.
The intra predictor 225 supplies the prediction image to
the switch 227.

[0056]

The motion compensator 224 performs a motion
compensation process on the reference image supplied from
the frame memory 223 based on the inter predicticn mode
information, the motion wvector information, and the like
supplied from the lossless decoder 217 to generate a
prediction image. The motion compensator 224 supplies
the prediction image to the switch 227.

[0057]

The switch 227 selects the prediction image
generated by the motion compensator 224 or the intra
predictor 225 and supplies the selected prediction image
to the adder 220.

[0058]
Description of Orthogonal Transform and Inverse
Orthogonal Transform

First, Fig. 4 is a block diagram illustrating an
orthogonal transformer, a quantizer, a dequantizer, and
an inverse orthogonal transformer of a conventional
encoder when DCT and ROT are performed as an orthogonal
transform.

[0059]

As illustrated in Fig. 4, an orthegeonal transformer
of the conventicnal encoder includes a 4x4 DCT 411, an
8x8 DCT 412, a 16x16 DCT 413, a 32x32 DCT 414, a 64x64
DCT 415, a 12Z8x128 DCT 416, & 4x4 ROT 417, and an 8x8 ROT
418.

[00&0]
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The residual information is input to the 4x4 DCT
411, the 8x8 DCT 412, the 16x16 DCT 413, the 32x32 DCT
414, the 64x64 DCT 415, and the 128x128 DCT 416 according
to the block size, and is subjected to DCT.

[00611

Specifically, the 4x4 DCT 411 performs DCT on the
dx4 pixel residuel information, rounds off the
cemputation accuracy of the 4x4 pixel coefficients
obtained as a result of the DCT, and supplies the 4x4.
pixel coefficients to the 4x4 ROT 417.

00627

The 8x8 DCT 412 performs DCT on the 8x8 pixel
residual infeormation, rounds off the computation accuracy
el the 8x8 pixel coefficients obtained as a result of the
DCT, and supplies the 8x8 pixel coefficients to the 8x§
ROT 418. The 1l6x1le DCT 413 performs DCT on the 16x16
pixel residual informaticn and rounds off the computation
accuracy of the 16x16 pixel coefficients obtained as a
result of the DCT. The 16x16 DCT 413 supplies an 8x8
pixel low freguency component among the 16x16 pixel
coefficients obtained as a result of the DCT to the 8x8
ROT 418 and supplies the remaining high freguency
component to the guantizer.

[0063]

Similarly, the 32x32 DCT 414, the 64x64 DCT 415,
and the 128x128 DCT 416 perform DCT on the 32x32, 64x64,
and 128x128 pixel residual information, respectively, and
round cff the computation accuracy of the coefficients
obtained as a result of the DCT. Moreover, the 32x32 DOT
414, the 64x64 DCT 415, and the 128x128 DCT 416 supplies

only the 8x8 pixel low frequency cecmponent among the
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coefficients obtained as a result of the DCT to the 8x8
ROT 418 and supplies the remaining high freguency
component to the guantizer.

[0064]

The 4x4 ROT 417 performs ROT on the 4x4 pixel
coefficients supplied from the 4x4 DCT 411 using an
angular index.

[0065]

Here, the ROT is a rotational transform that uses =z
rotation matrix Resrticar fOr vertical direction and =
rotation matri® Ruorizenta: f0r horizontal direction
illustrated in Expression (1) below, and the angular
index is oy to ¢ in Expression (1).

[0066]

iMathematical Formula 1]

COSTYCOSH~Sing COSCSInG 3 ~SIR(YCOSC -G0S Cososings sinthsingy 0
COSC SIRMHSING COSY-COSy  ~SINGSinds +C0ST COSAC08Hy ~Sindcostt; {

SIRG SN0, C080,8INc, costt,
0 i f l

Rotcal Oy Oy €)=

COSTLL0S,~SnECOSHSID,  ~SI0Y COSU—COS.COSSintY; sinssinds 0 |
COSSING+SINA 008050080 ~SinGY SIRU+C0STLCOSECOST; ~sintiscostt O
SIngY Sinds COSYSinds costs 9§

d 0 0

Rhufimtnl{ a45 a\s aﬁ) =

(1)
[0067]
The 8x8 ROT 418 performs ROT using an angular index
cn the B8x8 pixel ccefficients supplied from the 8x& DCT
412, the 16x16 DCT 413, the 32x32 DCT 414, the 64x64 DCT

415, and the 128x128 DCT 416.

006817

The 4x4 pixel coefficlents chtained as a result of



iC

15

20

25

30

SP307551W000

the ROT by the 4x4 RCT 417 and the 8x8 pixel coefficients
obtained as a result of the ROT by the 8x8 ROT 418 are
supplied to the guantizer with the computation accuracy
rounded off.

[0069]

The quantizer includes a 4x4 Quant 419, an 8x8
Quant 420, a 16x16 Quant 421, a 32x32 Quant 422, a 64x64
Quant 423, and a 128x128 Quant 424.

[0070]

The 4x4 Quant 419 quantizes the 4x4 pixel
coefficients supplied from the 4x4 ROT 417. The 4x4
Quant 419 supplies the quantized 4x4 pixel coefficients
to the deguantizer and supplies the same to the same
lossless encoder (not illustrated) as the lossless
encoder 1C6 of Fig. 2.

[0071]

The 8x8 Quant 420 guantizes the 8x8 pixel
coefficients supplied from the 8x8 ROT 418. The 8x8
Quant 420 supplies the quantized 8x8 pixel coefficients
to the deguantizer and supplies the same to the same
lossless encoder (not illustrated) as the lossless
enceder 106 of Fig. 2.

(00727

The 16x16 Quant 421 quantizes the 8x8 pixel
coefficients supplied from the 8x8 ROT 418 and a high
frequency component other than the 8x8 pixel low
frequency component ameng the coefficients obtained as =
result of the DCT on the 16x16 pixel residual information
suppiied from the 16x16 DCT 413. The 16x16 Quant 421
supplies the gquantized 16x1& pixel ceoefficients to the

deguantizer and supplies the same to the same lossless
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enceder (not illustrated) as the lossless encoder 106.
[0073]

Similarly, the 32x32 Quant 422, the 64x64 Quant 423,
and the 128x128 Quant 424 quantize the 8x8 pixel
coefficients supplied from the 8x8 ROT 418 and a high
frequency component other than the 8x8 pixel low
frequency component among the coefficients obtained as a
result of the DCT on the 32Z2x32, 64x64, and 128x128 pixel
residual information. The 32x32 Quant 422, the 64x64
Quant 423, and the 128x128 Quant 424 supply the quantized
32x32, 64x64, and 128x128 pixel coefficients to the

dequantizer and supply the same to the same losslass
encoder (not illustrated) as the lossless encoder 106.
[0074]

The deguantizer includes a 4x4 Inv Quant 451, an
8x8 Inv Quant 452, a 1&x16 Inv Quant 453, a 32x32 Inv

Quant 454, a 64x64 Inv Quant 455, and a 128x128 Inv Quant
456,

[0075]

The 4x4 Inv Quant 451, the 8x8 Inv Quant 452, the
16x16 Inv Quant 453, the 32x32 Inv Quant 454, the 64x64
Inv Quant 455, and the 128x12Z8 Inv Quant 456 dequantize
the quantized coefficients supplied from the 4x4 Quant
419, the 8x8 Quant 420, the 16x16é Quant 421, the 32x32
Quant 422, the 64x64 Quant 423, and the 128x128 Quant 424
respectively, and supply the dequantized coefficients to
the inverse orthégonal transformer.

[0076]

The inverse orthogonal transformer includes a 4x4
Inv ROT 457, an §x8 Inv ROT 458, a 4x4 Inv DCT 459, an
8x8 Inv DCT 460, a 16xlé Inv DCT 461, a 32x32 Inv DCT 462,
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8 64x64 Inv DCT 463, and a 128x128 Inv DOT 464.
[0G77]

The 4x4 Inv ROT 457 performs inverse ROT on the
dequantized 4x4 pixel coefficients supplied from the 4x4
Inv Quant 451 using an angular index. The 4x4 Inv ROT
457 supplies the 4x4 pixel coefficients obtained as a
result of the inverse ROT to the 4x4 Inv DCT 459,

[0078]

The 8x8 Inv ROT 458 performs inverse ROT on the
dequantized 8x8 pixel coefficients supplied from the 8x8
Inv Quant 452 using an angular index and supplies the 8x8
pixel coefficients obtained as a result of the inverse
ROT to the 8x8 Inv DCT 4860.

[0079]

Morecover, the 8x8 Inv ROT 458 performs inverse ROT
on the 8x8 pixel low frequency component among the
dequantized 16x16 pixel cdefficients suppiied from the
16x16 Inv Quant 453 using an angular index. Moreover,
the 8x8 Inv ROT 458 supplies the 8x8 pixel coefficients
obtained as a result of the inverse ROT to the 16x16 Inv
DCT 461,

[0080]

Similarly, the 8x8 Inv ROT 458 performs inverse ROT
on the 8x8 pixel low frequency component ameong the
deguantized 3Zx32, 64x64,land 128x128 pixel ceefficients
supplied from the 32x32 Inv Quant 454, the 64x64 Inv
Quanﬁ 455, and the 128x128 Tnv Quant 456, respectively,
using an angular index. Moreover, the 8x8 Inv ROT 458
supplies the 8x8 pixel coefficients obtained as a result
of the inverse ROT on the 8x8 pixel low freguency

component among the dequantized 32x32, 64x64, and 128x128
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pixel coefficients to the 32x32 Inv DCT 462, the 64x64
Inv DCT 463, and the 128x128 Inv DCT 464, respectively.
[0081]

The 4x4 Inv DCT 459 performs inverse DCT on the 4x4
pixel cecefficients supplied from the 4x4 Inv Rot 457.
The 4x4 Inv DCT 458 supplies the 4x4 pixel residual
information obtained as a result of the inverse DCT to
the same adder (not illustrated) as the adder 110 of Fig.
2.
[0082]

The 8x8 Inv DCT 460 performs inverse DCT on the 8x8
pixel coefficients supplied from the 8x8 Inv Rot 458.
The B8x8 Inv DCT 460 supplies the Ex8 pixel residual
information obtained as a result of the inverse DCT to
the same adder (not illustrated) as the adder 110. The
16x1¢ Inv DCT 461 performs inverse DCT on the 8x8 pixel
coefficients supplied from the 8x8 Inv Rot 458 and a high
frequency component other than the 8x8 pixel low
frequency component among the 16x16 pixel coefficients
supplied from the 16x16 Inv Quant 453. The 16x16 Inv DCT
461 supplies the 16x16 pixel residual information

obtained as a result of the inverse DCT to the same adder
(not illustrated) as the adder 110.
[0083]

Similarly, the 32x32 Inv DCT 462, the 64x64 Inv DCT
463, and the 128x128 Inv DCT 464 perform inverse DCT on
the 8x8 pixel coefficients supplied from the Bx8 Inv Ro:t
458 and the high frequency component other than the 8x8
pixel low frequency compcnent among the coefficients
supplied from the 32x32 Inv Quant 454, the 64x64 Inv

Cuant 455, and the 128x128 Inv Quant 456. The 32x32 Inv
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DCT 462, the 64x64 Inv DCT 463, and the 128x128 Inv DCT
464 supply the 32x32, 64x64, and 128x128 pixel residual
information obtained as a result of the inverse DCT to
the same adder (not illustrated) as the adder 110.
(0084}

In this way, the residual information is input to
the adder (not illustrated), whereby a decoded image is
obtained.

[0085]

Next, Fig. 5 is a block diagram illustrating the
details of the orthogonal transformer 104, the quantizer
105, the dequantizer 108, and the inverse orthogonal
transformer 109 of the encoder of Fig. 2.

[0086]

Among the configurations illustrated in Fig. 5, the
same configurations as the configurations of Fig. 4 are
denoted by the same reference numerals. Redundant
description thereof will be appropriately not provided.
[0087]

The configuration of Fig. 5 is mainly different
from the configuration of Fig. 4, in that a 4x4 DCTxROT
501 is provided instead of the 4x4 DCT 411 and the 4x4
ROT 417 of the orthogonal transformer 104, and that a 4x4
Inv ROTxInv DCT 502 is provided instead of the 4x4 Inv
ROT 457 and the 4x4 Inv DCT 459 of the inverse crthogonal
transformer 109,

(00881

The 4x4 DCTxROT 501 of the orthogonal transformer
104 performs a combined transform of DCT and ROT on the
4x4 pixel residual information supplied from the

computing device 103 of Fig. 2 using an angular index.
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Specifically, the 4x4 DCTxROT 501 is provided with a
matrix for a combined transform of DCT and ROT
corresponding to an angular index, and the 4x4 DCTxROT
501 obtains 4x4 pixel coefficients after DCT and ROT
through one transform using the matrix. The 4x4 DUTxROT
501 supplies the 4x4 pixel coefficients to the 4x4 Quant
419 with the computation accuracy rounded off.

[C0B9]

The DCT and ROT are one kind of orthogonal
transferm and are generally performed by a matrix
operation. Thus, a matrix for a combined transform of
DCT and ROT is a matrix obtained by the product of the
matrix used in the matrix operation of DCT and the matrix
used in the matrix operaticn of ROT.

[(3020]

As described above, in the orﬁhogonal transformer
104, since DCT and ROT can be performed through one
transform on the 4x4 pixel residual information, it is
possible to reduce the amount of computation reguired for
the orthogonal transform as compared to the orthegonal
transformer of Fig. 4. Moreover, since the rounding of
the computation accuracy after DCT is not necessary, it
is possible to increase the computation accuracy as
compared to the orthogonal transformer of Fig. 4. Thus,
the output of the 4x4 ROT 417 of Fig. 4 is not the same
as the output of the 4x4 DCTXROT 501 of Fig. 5.

{0091}

‘Moreover, the 4x4 Inv ROTxInv DCT 502 of the
inverse orthogonal transformer 109 performs a combined
transform of inverse DCT and inverse ROT on the 4x4 pixel

coefficlients supplied from the 4x4 Inv Quant 451 using an
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angular index. Specifically, the 4x4 Inv ROTxInv DCT 502
is provided with a matrix for & combined transform of
inverse DCT and inverse ROT corresponding to an angular
index, and the 4x4 Inv ROTxInv DCT 502 cbtains 4x4 pixel
residual information after inverse DCT and inverse ROT
through one transform using the matrix. The combined
transform of inverse DCT and inverse ROT is an inverse
transform of the transform performed by the 4x4 DCTxROT
201. The 4x4 Inv ROTxInv DCT 502 supplies the 4x4 pixel
residual information obtained as a result of the
transform to the adder 110 of Fig. 2.

[0092]

As described abeve, in the inverse orthogonal
transformer 109, since inverse DCT and inverse ROT can be
performed through cne transform on the 4x4 pixel
coefficients, it 1s possible to reduce the amount of
computation reguired for the inverse orthogonal transform
as compared to the inverse orthogonal transformer of Fig.
4. Moreover, since the rounding of the computation
accuracy after inverse ROT is not necessary, it is
possible to increase the computation accuracy as comparsd
to the inverse orthogonal transformer of Fig. 4. Thus,
the output of the 4x4 Inv DCT 45% of Fig. 4 is not the
same as the output of the 4x4 Inv ROTxInv DCT 502 of Fig.
5.

[0093]

Next, Fig. 6 is a block diagram illustrating a
dequantizer and an inverse orthogonal transformer of the
conventional decoder when DCT and ROT are performed as an
orthogeonal transform,

[0094]
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The deqguantizer of the conventional decoder of Fig.
6 has the same configuration as the dequantizer of Fig. 4,
and the inverse orthogonal transformer of Fig. & has the
same configuration as the inverse orthogonal transformer
of Fig. 4.

[0095]

Specifically, the deguantizer of Fig. 6 includes a
4x4 Inv Quant 601, an Bx8 Inv Quant 602, a 16x16é Inv
Quant 603, a 32x32 Inv Quant 604, a 64x64 Inv Quant 6053,
and a 128x128 Inv Quant 606. The 4x4 Inv Quant 601, the
8x8 Inv Quant 602, the 16x16 Inv Quant 603, the 32x32 Inv
Cuant 604, the 64x64 Inv Quant 6085, and the 128x128 Inv

Quant 606 perform dequantization on the gquantized
coefficients obtained as a result of lossless decoding of
the losslessly enceded image compression information
transmitted from the encoder in a manner similarly to the
dequantizer of Fig. 4
[0086]

Moreover, the inverse orthogonal transformer of Fig.
6 includes a 4x4 Inv ROT 607, an B8x8 Inv ROT 608, a 4x4
Inv DCT 609, an 8x8 Inv DCT 610, a 16x16 Inv DCT 611, a
3Z%x32 Inv DCT 612, a 64x64 Inv DCT 613, and a 128x128 Inv
DCT 614. The 4x4 Inv ROT 607 and the B8x8 Inv ROT 608
perform inverse ROT in a manner similarly to the 4x4 Inv
ROT 457 and the 8x8 Inv ROT 458 of Fig. 4, respectively.
Mcreover, Tthe 4x4 Enﬁ-DCT 609, the 8x8 Inv DCT &10, the
1exl6e Inv DCT 611, the 32Zx32 Inv DCT €12, the 64x64 Inv
DCT 613, and the 128x128 Inv DCT 614 perform inverse DCT
in a manner similarly to the Inv DCTs of the
corresponding block sizes of Fig. 4, respectively.

[0097]
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Next, Fig. 7 is a block diagram illustrating the
details of the dequantizer 218 and the inverse orthogonal
transformer 218 of the decoder of Fig. 3.

(00987

The deguantizer 218 of Fig. 7 has the same
configuration as the dequantizer 108 of Fig. 5, and the
inverse orthogonal transformer 219 of Fig. 7 has the same
configuration as the inverse orthogonal transformer 109
of Fig. 5.

[0099]

Ameng the configurations illustrated in FPig. 7 the
same configurations as the configurations of Fig. é are
denoted by the same reference numerals. Redundant
description thereof will be appropriately not provided.
(41001

The configuration of Fig. 7 is mainly different
from the configuration of Fig. 6, in that a 4x4 Inv
ROTxInv RCT 701 is provided instead of the 4x4 Inv ROT
607 and the 4x4 Inv DCT 609 of the inverse orthogonal
transformer 219 similarly to the inverse orthogonal
transformer 109.

[01C17]

The 4x4 Inv ROTxInv DCT 701 of the inverse
orthogonal transformer 219 performs a combined transform
of inverse DCT and inverse ROT on the 4x4 pixel
coefficients supplied from the 4x4 Inv Quant 601 using an
angular index in a manner similarly to the 4x4 Inv
ROTxInv DCT 50Z of Fig. 5. The 4x4 Inv ROTxYnv DCT 701
supplies the 4x4 pixel residual information obtained as a
result of the transfcrm to the adder 220 of Fig. 3.

[0102]
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The angular index is determined by the encoder, for
example, and is included in the header information by the
lossless encoder 106 and transmitted to the decoder.
[0103]

In the present embodiment, although the DCT and ROT
on the 4x4 pixel residual information are performed
through one transform, the DCT and ROT on the 8x8 pixel
residual information as well as the 4x4 pixel residual
information may be performed through one transform. The
same is true for the inverse DCT and inverse ROT.

[0104]

Moreover, in the present embodiment, although the
ROT is performed on cnly the low frequency component of
the 8x8 pixels among the coefficients having a size of
8x8 pixels oxr larger obtained as a result of the DCT, the
maximum size of the coefficients subjected to the ROT may
be different from the size of Bx8 pixels (for example,
4=x4 pixels, 16x16 pixels, or the like). The same is true
for the inverse ROT.

[C0105]
Description of Encoder Processing

Figs. 8, 9, 10, 11, and 12 are flowcharts of the
processing of the encoder of Fig. 2.

[0106]

Fig. 8 is a flowchart for describing a macroblock
(MB) enceding process.

(01073

In step S11 of Fig. 8, the encoder calculates a RD
costt {P) when inter prediction is used. The details of
the process of calculating a RD cost {P) when inter

prediction is used will be described with reference *o
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Fig. 9 described later.
[0108]

In step 812, the encoder calculates a RD cost (I)
when an intra prediction is used. The details of the
process of calculating & RD cost (I) when intra
prediction is used will be described with reference to
Fig. 12 described later.

[0109]

In step 513, the selector 117 determines whether
the RD cost (I} is largsr than the RD cost {(P).
[0110]

When it is determined in step S13 that the RD cost
(I} is not larger than the RD cost (P}, that is, when the
RD cost (I) is equal to or smaller than the RD cost (PB),
the selector 117 determines an optimal intra prediction
mode as an optimal prediction mede. Moreover, the
selector 117 supplies the prediction image in the optimal
intra prediction mode to the computing device 103 and the
adder 110. Moreover, the selector 117 notifies the
selection of the prediction image in the optimal intra
prediction mode to the intra predictor 114. In this way,
the intra predictor 114 supplies the intra prediction
mode inflormation to the lossless encoder 106,

[0111]

In step 514, the encodex encodes a current
macroblock (the MB) according te intra prediction in the
optimal intra prediction mode. Specifically, the
computing device 103 of the encoder subtracts the
prediction image supplied from the selector 117 from the
current macroblock cf the image read from the Fframe

rearrangement buffer 102, and the orthcgonal transformer
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104 perforﬁs orthogonal transform on the residual
information obtained as a result of the subftraction. The
quantizer 105 guantizes the coefficients obtained as a
result of the orthogonal transform of the orthogonal
transformer 104, and the lossless encoder 106 losslessly
encodes the quantized cocefficients and losslessly encodes
the intra prediction mode information or the like to be
used as the header information. The storage buffer 107
temporarily stores the compressed image, in which the
header information obtained as a result of the lossless
encoding is added, as the image compression information,
and outputs the image compression information.

(01123

On the other hand, when it is determined in step
813 that the RD cost (I) is larger than the RD cost (P},
the selector 117 determines the optimal inter prediction
mode as an optimal prediction mode. Moreover, the
selector 117 supplies the prediction image in the optimal
inter prediction mode to the computing device 103 and the
adder 110. Moreover, the selector 117 notifies the
selection of the prediction image in the optimal inter
prediction mode to the motion predictor 116. TIn this way,
the motion predictor 116 outputs the inter prediction
mode information, the corresponding motion vector
information, and the like to the lossless encoder 106.
[0113]

In step 315, the encoder encodes a current
macroblock according to inter prediction in the optimal
inter prediction mode. Specifically, the computing
device 103 of the encoder subtracts the prediction image

supplied from the selector 117 from the current
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macrobleck of the image read from the frame ﬁearrangement
buffer 10Z, and the orthogonal transformer 104 performs
crthogonal transform on the residuzl information obtained
as a result of the subtraction. The guantizer 105
guantizes the coefficients cbtained as a result of the
orthogonal transform of the orthogonal transformer 104,
and the lossless encoder 106 losslessly encodes the
gquantized coefficients and losslessly encodes the inter
prediction mode information, the moticn vector
information, and the like to be used as the header
information. The storage buffer 107 temporarily stores
the compressed image in which the header information
obtained as a result of the lossless encoding as the
image compression information and outputs the image
compression information. -

[0114]

Fig. 2 is a flowchart for descrikbing the details of
the process of calculating a RD cost (P) when the inter
prediction of step S11 of Fig. 8 is used.
f0115]

In step 831 of Fig. 9, the motion predictor 116
sets the block size of the inter prediction to one which
has not been set among the 4x4, 8x8, 16x16, 32x32, 64x64,
and 128x128 pixels corresponding to the respective inter
prediction modes.

[0116]

In step 832, the motion predictor 116 performs
motion prediction with the size set in step 331.
Specifically, the motion predictor 116 performs motion
prediction in respective blocks of the size set in step

831 using the image supplied from the frame rearrangement
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buffer 102 and the reference image supplied from the
frame memory 11Z. As a result, motion vectors (MV) for
respective blocks are obtained. The motion predictor 116
supplies the motion vector to the motion compensator 113.
(01171 |

In step S33, the motion compensator 113 performs
motion compensation (MC) according to the motion vector
supplied from the motion predictor 116. Specifically,
the motion compensator 113 generates a prediction image
from the reference image supplied from the frame memory
112 accerding to the motion vector. The motion
compensator 113 supplies the generated predicticn image
te the computing device 103 via the selector 117.

[0118]

In step 834, the computing device 103 computes a
difference between the image corresponding to the input
signal and the MC image (prediction image). The
computing device 103 supplies the difference obtained as
a result of the computation to the orthogonal transformer
104 as residual information.

[0119]

In step 3535, the orthogonal transformer 104 sets
the angular index to one which has not been set among the
angular indices of index numbers 0, 1, 2, and 3. The
index number is a number unigue to the combination of the
angular indices oy to ds, and in the present embodiment,
a combination of four angular indices of the numbers  to
3 is prepared.
[0120]

In step 836, the orthogconal transformer 104

perferms a ROT process cor the like which is a process of
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performing ROT according to an angular index with respect
to the residual information (difference information)
supplied from the computing device 103. The details of
the process of step 836 will be described with reference
to Fig. 10 described later.

(01217

In step 537, the quantizer 105 performs a
gquantization process which is a process of guantizing the
coefficients obtained as a result of the ROT process or
the like in step S36. Specifically, the 4x4 Quant 419,
the 8x8 Quant 420, the 1lox1& Quant 421, the 32x32 Quant
422, the 64x64 Quant 423, or the 128x128 Quant 424
corresponding to the block size of the inter prediction
of the guantizer 105 guantizes the coefficients supplied
from the corthogonal transformer 104. The quantizer 105
supplies the coefficients obtained as a result of the
gquantization process to the lossless encoder 106 and the
dequantizer 108.

[0122]

In step $38, the lossless encoder 106 losslessly
encodes the coefficients {guantized coefficients)
supplied from the quaniizer 105 to obtain a compressed
image.

[0123]

In step 539, the deguantizer 108 performs a
dequantization process which is a process of dequantiziﬁg
the coefficients supplied from the quantizer 105.
Specifically, the 4x4 Inv Quant 451, the 8x8 Inv Quant
452, the 16x16 Inv Quant 453, the 32x32 Inv Quant 454,
the 64x64 Inv Quant 455, or the 128x128 Inv Quant 45§

correspoending to the klock size of the inter prediction
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of the deguantizer 108 deguantizes the ceoefficients
supplied from the guantizer 105. The coefficients
obtained as a result of the dequantization process are
supplied te the inverse orthogonal transformer 109.
[01i24]

In gstep 540, the inverse orthogonal transformer 109
performs an inverse ROT process or the like which is a
process of performing inverse ROT according to the
angular index set in step S35 with respect to the
coefficients corresponding to the residual information
(difference information). The details of the process of
step 540 will be described with reference to Fig. 11
described later.

[0125]

After the process of step 540 is performed, the
flow returns to step $35, and the processes of steps S35
to 8540 are repeatedly performed until all of the angular
indices of the index numbers 0 to 3 are set as the
angular index. Moreover, when all of the angular indices
of the index numbers 0 fto 3 are set as the angular index,
the flow returns to step S31. Moreover, the processes of
steps 531 to 840 are repeatedly performed until all sizes
of the 4x4, 8x8, 16x16, 32x32, 64x64, and 128x128 pixels
are set as the block size of the inter prediction.

[0126]

Moreover, wheﬁ all sizes of the 4x4, BxB, 16x16,
32x32, 64x64, and 128x128 pixels are set as the block
size of the inter prediction, and all of the ancular
indices of the index numbers 0 to 3 are set as the
angular .index with respect to the inter prediction block

of each block size, the flow proceeds to step 841.
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[0127]

In step 541, the motion predictor 116 computes a RD
cost from the MV information, the quantized code
information, the decoded image with respect to each
compination of the inter prediction mecde and the angular
index. Specifically, the motion predictor 116 generates
a prediction image using the motion vector and the
reference image supplied from the frame memory 112 with
respect to each combination of the inter prediction mocde
and the angular index. Moreover, the motion predictor
116 computes a difference between the prediction image
and the image supplied from the frame rearrangement
buffer 102. Moreover, the motion predictor 116 computes
Expression {1} described abeve and calculates the RD cost
using the difference, the occurrence coding amount of the
compressed image obtained by the process of step $38, and
the like,

[0128]

Morecver, the moticon predictor 116 uses the
smallest Rﬁ cost among the RD costs of the respective
combinatiocns of the inter prediction mode corresponding
to the block size of the inter prediction and the angular
index as the RD cest (P). That is, the motion predictor
116 supplies the RD cost (P) which is the smallest RD
cost among the RD costs of the combinations of the inter
prediction mode and the angular index and the
corresponding moticn vector and inter prediction mode
information to the motion compensator 113.

[G129]
In this way, the motion compensator 113 performs a

compensation process on’ the reference image supplied from
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the frame memory 112 based on the motion vector and the
inter prediction mode information supplied from the
motion predictor 116 and generates a prediction image.
Moreover, the motion compensatcr 113 supplies the RD cost
(P} supplied from the motion predictor 116 and the
generated prediction image to the selector 117.
[0130]

Fig. 10 is a flowchart for describing the details
of the process of step 536 of Fig. 9.
(01311

In step 551 of Fig. 10, the orthogonal transformer
104 determines whether the block size of the inter
prediction is 4x4 pixels.
[0132)

When it is determined in step $51 that the block
size of the inter prediction is 4x4 pixels, in step §52,
the crthogonal transformer 104 performs a ROTxDCT process
according to an angular index. Specifically, the 4x4
DCT=ROT 501 (Fig. 5} of the orthogonal transformer 104
performs a compbined transform of DCT and ROT on the
residual information supplied from the computing device
103 according tec the angular index set in step 335 of Fig.
9. The 4x4 DCTxROT 501 supplies the coefficients
obtained as a result of the transform to the 4x4 Quant
419 of the guantizer 105.
01333 |

When it is determined in step $51 that the block
size of the inter prediction is not 4x4 pixels, in step
853, the orthogonal transformer 104 performs a DCT
process which is a process of performing DCT on the

residual infermation supplied from the computing device
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103. Specifically, the 8x8 DCT 412, the 16x16 DCT 413,
the 32x32 DCT 414, the 64x64 DCT 415, or the 128x128 DCT
416 corresponding to the block size of the inter
predicticon of the orthogonal transformer 104 performs DCT
on the residual information. The 8x8 pixel low freguency
component among the coefficients obtained as a result of
the DCT is supplied to the 8x8 ROT 418, and the remaining
high frequency component is supplied to the 16x16 Quant
421, the 32x32 Quant 422, the 64x64 Quant 423, or the
128x128 Quant 424 correspeonding to the block size of the
inter prediction.

{0134]

In step 554, the 8x8 ROT 418 of the orthogenal
transformer 104 performs a ROT process according to the
angular index set in step S35 of Fig. 9 with respect to
the 8x8 pixel (8x8 size)] ccefficients of the low
frequency compeonent. The 8x8 ROT 418 supplies the B8x8
pixel coefficients obtained as a result of the ROT
process to the 8x8 Quant 420, the 16x16 Quant 421, the
32x32 Quant 422, the 64x64 Quant 423, or the 128x128
Quant 424 ccrresponding to the bleck size of the intra
prediction.

[0135]

Fig. 11 is a flowchart for describing the process
of step 840 of Fig. 9 in dstail.
[0136]

In step S71 of Fig. 11, the inverse orthogonal
transformer 109 determines whether the block size of the
inter predicticn is 4x4 pixels.

[0137]

When it is determined in step $71 that the block
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size of the inter prediction is 4x4 pixels, in step 872,
the inverse orthogonal transformer 108 performs an
inverse ROTxDCT process according to the angular index.
Specifically, the 4x4 Inv ROTxInv DCT 502 (Fig. 5) of the
inverse orthogonal transformer 109 performs a combined
transform of inverse ROT and inverse DCT on the
coefficients supplied from the 4x4 Inv Quant 451 of the
dequantizer 108 according to the angular index set in
step S35 of Fig. 9. The 4x4 Inv ROTxInv DCT 502 supplies
the residual information obtained as a result of the
transform to the adder 110.
[0138]

When it is determined in step S71 that the block
size of the inter prediction is not 4x4 pixels, the flow
proceeds to step $73. In step 873, the 8x8 Inv ROT 458

(Fig. 7) of the inverse orthogonal transformer 109
performs an inverse ROT process which is a process of
performing inverse ROT according to the angular index set
in step 835 of Fig. 9 with respect tc the 8x8 pixel (8xS8
size) coefficients of the low frequency component among
the ccefficients of a size of 8x8 pixels or larger
supplied from the deguantizer 108. The 8x8 Inv ROT 458
supplies the coefficients obtained as a result of the
inverse ROT process to the 8x8 Inv DBCT 460, the 16x16 Inv
DCT 461, the 32x32 Inv DCT 462, the 64x64 Inv DCT 463, or
the 128x128 Inv DCT 464 corresponding to the block size
of the inter prediction.
[0139]

In step 574, the 8x8 Inv DCT 460, the 16x16 Inv DCT
461, the 32x32 Inv DCT 462, the 64x64 Inv DCT 463, or the

128x128 Inv DCT 464 of the inverse orthogonal transformer
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108 performs an inverse DCT process which is a process of
performing inverse DCT on the coefficients supplied from
the 38x8 Inv ROT 458 and the coefficients supplisd from
the deguantizer 108. The residual information obtained
as a result of the inverse DCT process is supplied to the
adder 110,

[0140]

Fig. 12 is a flowchart for describing a process of
calculating the RD cost (I} when the intrs prediction of
step 812 of Filyg. 8 is used in detail.

[0141]

In step 5101 of Fig. 12, the intra predictor 114
sets the block size of the intra prediction to one which
has not been set among the 4x4, BxB, 16x16, 32x32, 64x64,
and 128x128 pixels.

[0142]

In step 3510Z, the intra predictor 114 sets an intra
prediction mode (Intra direction mode) to one which has
not been set among the intra direction modes of which the
intra direction mode number is O, 1, 2, 3, 4, 5, 6, 7, or
8. The intra direction mode number is a number unique to
the intra prediction mode, and in the present embodiment,
eight intra prediction modes of the numbers 0 to 8 are
prepared.

[01437

In step 8103; the intra predictor 114 performs
motion prediction with the block size and the intra
prediction mode set in step S101. Specifically, the
intra predictor 114 performs an intra prediction process
in the set intra prediction mode in respective blocks of

the block size set in step 5101 using the image supplied
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from the frame rearrangement buffer 102 and the reference
image supplied from the adder 110 and generates the
prediction image. The intra predictor 114 supplies the
generated prediction image to the computing device 103
via the selector 117.

[0144]

In step 5104, the computing device 103 computes a
difference between the image corresponding to the input
signal and the intra prediction image (the prediction
image generated by the intra prediction process). The
computing device 103 supplies the difference obtained as
a result of the computation to the orthogonal transformer
104 as residual information.

[0145]

The processes of steps S105 to 3110 are the same as
the processes of steps 335 to 840 of Fig. 9, and
description therecof will not be provided.

[01l46]

After the process of step S110 is performed, the
fiow returns to step S105, and the processes of steps
8105 to 8110 are repeatedly performed until all of the
angular indices of the index numbers ¢ to 3 are set as
the angular index. Moreover, when all of the angular
indices of the index numbers 0 to 3 are set as the
angular index, the flow returns to step S5102. Moreover,
the processes of steps 5102 to 5110 are repeatedly
performed until 211 intra prediction modes of the intra
direction mede numbers 0 to 8 are set as the intra
prediction mode.

[0147]

Moreover, when all of the intra direction mode
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numbers 0 to 8 are set as the intra prediction mode, the
flow returns to step 5101. Moreover, the processes of
steps 8101 to 3110 are repeatedly performed until all
sizes of the 4x4, Bx8, 16x16, 32x32, 64x64, and 128x128
pixels are set as the block size of the intra prediction.
[0148]

Moreover, when all sizes of the 4x4, Bx8, 16x16,
32x32, 64x64, and 128x128 pixels are set as the block
size of the intra prediction, all of the angular indices
of the index numbers { to 3 are set as the angular index
with respect to the block of each block size, and when
all of the intra predicticn modes of the intra prediction
modes 0 to 8 are set as the intra prediction mode, the
flow proceeds to step S111.

[0149]

In step 5111, the intra predictor 114 computes a RD
cost from the quantized code information and the decodsd
image with respect to each combination of the intra
predicticon block size, the intra prediction mode, and the
angular index. Specifically, the intra predictor 114
generates a prediction image using the reference image
supplied from the frame memory 112 with respect to each
combination of the intra prediction block size, the intra
prediction mode, and the angular index. Moreover, the
intra predictor 114 computes a difference between the
predicticon image and the image supplied from the frame
rearrangement buffer 102. Moreover, the motion predictor
116 computes Expression (1) described above and
calculates the RD cost using the difference, the
occurrence coding amount of the coﬁpressed image obtained

by the process of step $108, and the like.
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[0150]

Mereover, the intra predictor 114 uses the smallest
RD cost among the RD costs of the respective combinaticns
of the intra prediction block size, the intra prediction
mode, and the angular index as the RD cost (I). That is,
the intra predictor 114 supplies the RD cost (I) which is
the smallest RD cost among the RD costs of the respective
combinations of the intra predictien block size, the
intra predicticn mode, and the angular index and the
corresponding prediction image to the selector 117.

[0151]

Figs. 13, 14, and 1% are flowcharts of the
processes of the dececder of Fig. 3.

[0152]

Fig. 13 is a flowchart for describing a macroblock
(MB) decoding process.

[0153]

In step 8121 of Fig. 13, the lossless decoder 217
reads and acguires the image compression information of
the current macroblock from the storage buffer 216 and
losslessly decodes the image compression information
according to a scheme corresponding to the lossless
encoding scheme of the lossless encoder 106 of Fig. 2.

By this lossless decoding, the intra prediction mode
information or the inter prediction meode information is
extracted as the information that indicates the optimal
prediction mode of the current macroblock,

01541

In step $5122, the lossless decoder 217 determines
whether the information that indicates the optimal

prediction mode extracted in step S8121 is the intra
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prediction mode information. When it is determined in
step 5122 that the information is the intra predicticn
mede information, in step $123, the decoder decodesz the
current macroblock (the MB) according to intra prediction.
The details of the process of step 5123 will be described
with reference to Fig. 15 described later.

[0155]

On the other than, when it is determined in step
5122 that the information is not the intra prediction
mode information, that is, the information that indicates
the optimal prediction mede extracted in step S121 is
inter prediction mode information, the flcw proceeds to
step 5124,

[0156]

In step 5124, the decoder decodes the current
macroblock according to inter prediction. The details of
the process of step 35124 will be described with reference
to Fig. 14 described later.

[0157]

Fig. 14 is a flowchart for describing the details
of the process of step 5124 of Fig. 13.

[0153]

In step 8141 of Fig. 14, the lossless decoder 217
extracts the guantized coefficients corresponding to the
inter prediction block size, the moticn vector (MV), the
angular index information, and the residual informatién '
(difference information} froem the image compression
information (stream information) acgquired from the
storage buffer 216. Specifically, the lossless decoder
217 losslessly decodes the image compression information

to cbhtain the inter prediction mode informaticn, the
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motion vector, the angular index information; and the
gquantized coefficients. Moreover, the lossless decoder
217 recognizes the block size of the inter predictiocn
cerresponding to the Iinter prediction mode information,
The lossiess decoder 217 supplies the guantized
coefficients to the deguantizer 218 in respective blocks
of the block size corresponding to the inter prediction
mode information. Moreover, the lossless decoder 217
supplies the inter prediction mode information and the
motion vector to the motion compensator 224 and supplies
the angular index to the inverse orthogonal transformer
219.
(01597

Im step 5142, the motion compensator 224 performs a
motion compensation process (MC process) on the reference
image supplied from the frame memory 223 according to the
inter prediction mode information and the motion vector
supplied from the lossless decoder 217. Moreover, the
metion compensator 224 supplies the prediction image
obtained as a result of the motion compensation process
to the adder 220 via the switch 227.
(01601

In step S143, the degquantizer 218 performs a
dequantization process on the guantized coefficients
supplied from the lossless decoder 217. Specifically,
the 4x4 Inv Quant 601, the 8x8 Inv Quant 602, the 16x16
Inv Quant 603, the 32x32 Inv Quant 604, the 64x64 Inv
Quant 605, or the 128x128 Inv Quant 606 corresponding to
the inter prediction block size of the deguantizer 218§
deguantizes the guantized coefficients. The dequantizer

218 supplies the coefficients obtained as a result of the
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dequantization process to the inverse orthogonal
transformer 219,
[0161]

In step 5144, the inverse orthogonal transformer
219 performs an inverse ROT process or the like according
te the asngular index supplied from the lossless decoder
217 with respect to the coefficients correspending to the
difference information {(the residual information)
supplied from the deguantizer 218. Since the details of
the process of step S144 are the same as those describad
in Fig. 11, the description thereof will not be provided.
[0162]

In step 5145, the adder 220 adds the residual
information (inverse ROT information! obtained as a
result of the process of step S$144 to the prediction
image (prediction signal)} supplied from the motion
compensator 224 via the switch 227 to obtain a decoded
image. The decoded image is supplied to the intra
predictor 225, is supplied to the frame memory 223 via
the deblocking filter 226, or is supplied to the outside
via the deblocking filter 226, the frame rearrangement
buffer 221, and the D/A converter 222.

[0163]

Fig. 15 is a flowchart for describing the details
cf the process of step 8123 of Fig. 13.

[0164]

In step 5161 cf Fig. 15, the lossless decoder 217
extracts quantized ceocefficients corresponding to the
intra prediction block size, the intra prediction mode,
the angular index information, and the residual

information (difference information) from the image

48



10

20

30

SP307551W000

compression information {(stream information) acquired
from the storage buffer 216. Specifically, the lossless
decoder 217 losslessly decodes the image compression
information to cbtain the intra prediction mode
information, the angular index information, and the
quantized coefficients. Moreover, the lossless decoder
217 reccognizes the intra predicticn mode and the intra
prediction bklock size from the intra prediction mode
information. The lossless decoder 217 supplies the
guantized ccefficients to the degquantizer 218 in
respective blecks of the intra prediction bleock size.
Moreover, the lossless deccder 217 supplies the intra
prediction mode information to the intra predictor 225
and supplies the angular index to the inverse orthogonal
transformer 2189.

[0165]

In step 85162, the intra predictor 225 performs an
intra prediction process on the reference image supplied
from the adder 220 according to the intra prediction mode
information supplied from the lossless decocder 217.
Moreover, the intra predictor 225 supplies the predicticn
image obtained as a result of the intra prediction
process to the adder 220 via the switch 227,

[0166]

In step 8163, the deguantizer 218 performs a
éequantization process on the quantized coefficlents
supplied from the lossless decoder 217 in a manner
similarly to the process of step S$143 of Fig. 14. The
degquantizer 218 supplies the coefficients obtained as a
result of thes dequantization process to the inverse

orthogonal transformer-219.
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[0167]

In step 5164, the inverse orthogonal transformer
219 performs an inverse ROT process or the like on the
coefficients corresponding to the difference information
supplied from the deguantizer 218 in a manner similarly
to the process of step 5144 according to the angular
index supplied from the lossless decoder 217.

[C1le8] |

In step 5165, the adder 220 adds the residual
information {inverse ROT information) obtained as a
result of the process of step S164 to the prediction
image (prediction signal) supplied from the intra
predictor 225 via the switch 227 to obtain the decoded
image. The decoded image is supplied to the intra
predictor 225, is supplied to the frame memory 223 via
the deblocking filter 226, or is ocutput to the outside
via the deblocking filter 226, the frame rearrangement
buffer 221, and the D/A converter 222,

[0169]

[Description of Computer to which Present technology is
applied]

[0170]

Next, the above-described series of processing can
be executed not only by hardware but alsc by software.
When the series of processing is executed by software, a
preogram included in the software is installed 'in a
general-purpese computer or the like.

[0171]

With reference now to Fig. 16, an exemplary

configuration of a computer according to an embodiment of

the present technology, in which a program for executing
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the above-described series of processing is installed,
will be described.
10172]

The program may be preliminarily recorded in a hard
disk 705 or a ROM 703 as a recording medium equipped in
the computer.

[0173]

Alternatively, the program may be stored (recorded)
in a removable recording mediuvm 711. The removable
recording medium 711 may be provided as so-called package
software. Here, the removable recording medium 711 may
be, for example, a flexible disk, a CD-RCM (compact disc
read only memory), a MO (magneto cptical) disc, a DVD
{digital versatile disc}, a magnetic disc, a
semiconductor memory or the like.

(01741

The program may be installed in the internal hard
disk 705 by down loading the program tc a computer via a
communication network or a broadcasting network, in
addition to installing the program in the computer from
the resmovable reccording medium 711 as described above.
That is to say, the program may be transferred in a
wireless manner from a download site to the computer via
a digital broadcasting satellite or may be transferred in
a wired manner to the computer via a network such as a
LAN (local area network) or the Internet.

[0175]

The computer has incorporated therein a CFU
{central processing unit) 702, and an input/output
interface 710 is connected to the CPU 702 via a bus 701.

[017¢€]
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The CPU 702 executes the program stored in the ROM
{read only memory) 703 in response to commands which are
input via the input/output interface 710 by a user
operating an input unit 707 cor the like. Alternatively,
the CPU 702 executes the program stored in the hard disk
705 by loading the program in a RAM (random access
memory) 704.
r0177)

In this way, the CPU 702 executes the processing
corresponding to the above-described flowcharts or the
processing performed by the configuration illustrated in
the block diagrams. Then, the CPU 702 cutputs, transmits,
or reccrds the processing results through an output uvnit
706, through a communication unit 708, or in the hard
disk 705, for example, via the input/output interface 710
as reqguired.

[0178]

The input unit 707 includes a keybecard, a mouse, a
microphone, and the like. The ocutput unit 706 includes
an LCD {ligquid crystal display), a speaker, and the like.
[0179]

Here, in this specification, the processing that
the computer executes in accordance with the program may
not be executed in a time-sequential manner in the order
described in the flowcharts. That is to say, the
processing that the computer executes in accerdance with
the preogram includes processing that‘is executed in
parallel or separately (for example, parallel processing
or object-based processing).
rolso]

Moreover, the program may be executed by a single
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computer (processor) and may be executed by a plurality
of computers in a distributed manner. Furthermore, the
program may be executed by being transferred to a
ceomputer at a remote location.

[0181]

The embodiments of the present technology are not
limited to the above-described embodiments, and various
changes can be made without departing from the spirit of °
the present technology.

[0182]

Mcreover, the present technology can take the
focllowing configurations.
(0183}

{l) An image processing device including:

a dequantization unit that dequantizes a quantized
image to cobtain a low frequency compeonent having a
predetermined size of the image, which is obtained by
performing a second orthogonal transform after a first
orthogonai transform, and to cbtain a high frequency
component, which is a component other than the low
frequency component of the image and is obtained by the
first orthogonal transform; and

an ilnverse orthogonal transform unit that, when a
size of the image is the predetermined size, performs a
third inverse orthegonal transform, which is a combined
transform of a first inverse orthogonal transform
corresponaing to the first orthogonal transform and a
second inverse orthogonal transform corresponding to the
second orthogonal transform, on the image which is the
low frequency compeonent, and that, when the size of the

image is larger than the predetermined size, performs the
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second inverse orthogonal transform on the low freguency
component and performs the first inverse orthogonal
transform on the low frequency compeonent having been
subjected to the second inverse orthogonal transform and
the high freguency component obtained by the
dequantization unit.

(2} The image processing device according to (1),
wherein

the predetermined size is 4x4 pixels.

(3} The image processing device according to (1),
wherein

the predetermined size is 4x4 pixels when the size
of the image is 4x4 pixels and is Bx8 pixels when the
size of the image is 8x8 pixels or lager,

when the size of the image is 4x4 pixels, the
inverse orthegonal transform unit performs the third
inverse orthogenal transform on the image which is the
low frequency component, when the size of the image is
8x8 pixels or larger, the inverse orthogonal transform
unit performs the second inverse orthogonal transform on
the low frequency component and performs the first
inverse orthogonal transform on the low frequency

component having been subjected to the second inverse

.orthogonal transform and the high freguency component

obtained by the deguantization unit.

(4) The image processinyg device according to any
one of (1) to (3), wherein

the first orthogeonal transform 1s a discrete cosine
transform (DCT), and

the second orthogonal transform is a rotation

transform {(RCT).
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(5) The image processing device acceording to any
ene of (1) to (4), further including:

an orthogonal transform unit that, when the size of
the image is the predetermined size, performs a third
orthogonal transfecrm, which is a combined transform of
the first orthogonal transform and the second orthogonal
transform, on the image, and that, when the size of the
image is larger than the predetermined size, performs the
first orthegonal transform on the image and performs the
second orthogonal transform on the low freguency
component having the predetermined size of the image
having been subjected te the first ortheogonal transform;
and

a guantization unit that gquantizes the image having
the predetermined size having been subjected to the third
crthogonal transform or guantizes the high freguency
cempenent, which is the component other than the low
freguency compenent and is obtained by the first
orthegonal transform, and the low frequency component
obtained by the second orthogeonal transform.

{6} An image processing method of an image
processing device including:

a dequantization unit that deguantizes a guantized
image to obtain a low frequency component having a
predetermined size of the image, which is obtained by
performing a second orthogonal transform after a first
orthogeonal transform, and tc cbtain a high frequency
component, which is a component other than the low
freguency component of the image and is obtained by the
first orthogonal transform; and

an ‘inverse orthogonal transform unit that, when a
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size of the image is the predetermined size, performs a
third inverse orthogonal transform, which is a combined
transform of a first inverse crthogonal transform
corresponding to the first orthogonal transform and a
second inverse orthegonal transform corresponding to the
second orthogonal transform, on the image which is the
Low frequency component, and that, when the size of the
image 1is larger than the predetermined size, performs the
second inverse orthogonal transform on the low freguency
compenent and performs the first inverse orthogonal
transform on the low frequency component having been
subjected to the second inverse orthogonal transform and
the high frequency component obtained by the
dequantization unit,

the method including the steps of:

allowing the deguantization unit tc obtain the low
frequency component and the high frequency component; and

allowing the inverse orthogonal transform unit to
perform the third inverse orthogonal transform on the
image which is the low frequency component when the size
of the image is the predetermined size, to perform the
second inverse orthogenal transform on the low frequency
component when the size of the image is larger than the
predetermined size, and to perform the first inverse
orthegeonal transform on the low frequency compenent
having been subjected to the second inverse orthogonal
transform and the high fregquency compenent obtained by
the degquantization unit.

{7) A pregram for causing a computer to function

a deguantizaticn unit that dequantizes a quantized
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image to obtain a low freguency component having a
predetermined size of the image, which is obtained by
verforming a second corthogonal transform after a first
orthogonal transform, and to obtain a high freguency
component, which is a component other than the low
fregquency component of the image and is obtained by the
first orthogonal transform; and

an inverse orthogonal transform unit that, when a
size of the image is the predetermined gize, performs a
third inverse orthogonal transform, which is a combined
transform of a first inverse orthogonal transform
corresponding to the first orthogonal ftransform and a
second inverse orthogonal transform corresponding te the
second ocrthogenal transform, on the image which is the
low freguency component, and that, when the size of the
image is larger than the predetermined size, performs the
second inverse orthogonal transform on the low frequency
component and performs the first inverse orthogonal
transform on the low frequency component having been
subjected to the second inverse orthogonal transform and
the high freguency component obtained by the

deguantization unit.

REFERENCE SIGNS LIST
(0184}

104 Orthogonal transformer

105 Quantizer

108 Degquantizer

109 Inverse orthogonal transformer
218 Dequantizer

219 Inverse orthogonal transformer
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CLATIMS

1. An image processing device comprising:

& dequantization unit that dequantizes a quantized
image to obtain a low frequency component having a
predetermined size of the image, which is obtained by
performing a second orthogonal transform after a first
orthogonal transform, and tc obtain a high frequency
component, which is a component other than the low
frequency coempenent of the image and is obtained by the
first orthogonal transform; and

an inverse orthogonal transform unit that, when a
size of the image is the predetermined size, performs a
third inverse orthogonal transform, which is a combined
transferm of a first inverse orthogenal transform
corresponding to the first corthogonal transform and a
second inverse orthogonal transform corresponding to the
second orthogonal transform, on the image which is the
low fregquency component, and that, when the size of the
image is larger than the predetermined size, performs the
second inverse orthogenal transform on the low fregquency
component and performs the first inverse orthogonal
transform on the low frequency component having been
subjected to the second inverse orthogonal transform and
the high freguency component obtained by the

deguantization unit.
2. The image processing device according to claim 1,

wherein

the predetermined size is 4x4 pizels.
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3. The image processing device according to claim 1,
wherein

the predetermined size is 4x4 pixels when the size
of the image is 4x4 pixels and is 8x8 pixels when the
size of the image is 8x8 pixels or larger,

when the size of the image is 4x4 pixels, the
inverse orthogcnal transform unit performs the third
inverse orthogonal transform on the image which is the
low freguency component, and

when the size of the image is 8x8 pixels or larger,
the inverse orthogonal transform unit performs the second
inverse orthogonal transform on the low freguency
component and performs the first inverse orthogonal
transform on the low frequency component having been
subjected to the second inverse orthogonal transform and
the high frequency component obtained by the

degquantization unit.

4, The image processing device according to claim 1,
wherein

the first orthogonal transform is a discrete cosine
transform (DCT), and

the second orthogonal transform 1s a rotation

transform (ROT).

5. The image processing device according to claim 1,
further comprising:

an- orthogonal transform unit that, when the size of
the image is the predetermined size, performs a third
orthogonal transform, which is a combined transform of

the first orthogonal transform and the second orthogonal
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transform, on the image, and that, when the size of the
image is larger than the predetermined size, performs the
first orthogonal transform on the image and performs the
second orthogeonal transform con the low frequency
component having the predetermined size of the image
having been subjected to the first orthogonal transform;
and

a quantization unit that guantizes the image having
the predetermined size having been subjected to the third
orthogonal transform or guantizes the high frequency
component, which is the component other than the low
frequency component and is obtained by the first
orthogonal transform, and the low freguency component

obtained by the second crthogonal transform.

6. An image procéssing method of an image processing
device comprising:

a deqguantizaticn unit that dequantizes a quantized
image to obtain a low frequency component having a
predetermined size of the image which is obtained by
pverferming a second orthogonal transform after a first
crthegonal transform and te obtain a high frequency
component which is a component other than the low
freguency component of the image and is obtained by the
first orthogeonal transform; and

an inverse orthogenal transform unit that, when a
size of the image is the predetermined size, performs a
third inverse orthogeonal transform, which is a combined
transform of a first inverse orthogonal transform
corresponding to the first orthogonal transform and a

second inverse orthogonal transform corresponding to the
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second orthogonal transform, on the image which is the
low frequency component, and that, when the size of the
image 1s larger than the predetermined size, performs the
second inverse orthogonal transform on the low frequency
component and performs the first inverse orthogonal
transform on the low freqguency component having been
subjected to the second inverse orthogenal transform and
the high frequency component obtained by the
deguantization unit,

the method comprising the steps of:

allowing the dequantization unit to obtain the low
freguency compenent and the hich fregquency component; and

allowing the inverse orthogonal transform unit to
perform the third inverse orthogonal transform on the
image which is the low fregquency component when the size
of the image is the predetermined size, tc perform the
second inverse orthogonal transform on the low frequency
component when the size of the image is larger than the
predetermined size, and to perform the first inverse
crthogonal transform on the low freguency ccmponent
having been subjected to the second inverse orthogonal
transform and the high freguency component obtained by

the dequantization unit.

7. A program for causing a computer to function as:

a dequantizétion unit that deguantizes a guantized
image to obtain a low frequency component having a
predetermined size of the image, which is obtained by
performing a second orthogonal transform after a first
orthogonal transform, and to cbtain a high frequency

compenent, which is a component other than the low
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freguency component of the image and is obtained by the
first orthogonal transform; and

an inverse orthogonal transform unit that, when a
size of the image is the predetermined size, performs a
third inverse orthogonal transform, which is a combined
transform of a first inverse orthogonal transform
correspending to the first orthogonal transform and a
second inverse orthecgonal transform correspending to the
second orthogonal transform, on the image which is the
low freguency component, and that, when the size of the
image is larger than the predetermined size, performs the
second inverse orthogonal transform on the low frequency
component and performs the first inverse orthogonal
transform on the low freguency component having been
subjected to the second inverse orthogonal transform and
the high frequency component obtained by the

dequantization unit.
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