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(57) Abstract: An image encoding apparatus includes a block dividing unit that divides an input image into a plurality of blocks, a
prediction unit that performs prediction on each of the divided blocks using encoded blocks and generates a prediction error, a trans -
form unit that determines a shape of a processing block from a plurality of square or rectangular shapes of processing blocks for or -
thogonal transform, applies orthogonal transform of the determined shape to the prediction error generated by the prediction unit,
and generates a transformed coefficient, a quantization matrix selection unit that selects a quantization matrix based on the shape of
a processing block for orthogonal transform determined by the transform unit, a quantization unit that quantizes the transformed
coefficient using the quantization matrix selected by the quantization matrix selection unit and generates a quantized coefficient, and
a coetficient encoding unit that encodes the quantized coetficient generated by the quantization unit.
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IMAGE DECODING METHOD, AND PROGRAM
Technical Field

The present invention relates to an image encoding apparatus, an image encoding
method, an image decoding apparatus, an image decoding method, and a program and,
in particular, to a quantization method and methods for encoding and decoding a quan-

tization matrix.

Background Art

H.264/MPEG-4 AVC (hereinafter referred to as "H.264") has been used for encoding
a moving image (refer to NPL 1). In H.264, each element of a quantization matrix can
be changed to a desired value by encoding scaling_list information. In H.264, by
adding delta_scale representing a difference value to the previous element, each of the
elements of a quantization matrix can have a desired value.

In recent years, the activity for internationally standardizing a highly efficient
encoding method, which is a successor of H.264, has been started. JCT-VC (Joint Col-
laborative Team on Video Coding) has been established by ISO/IEC and ITU-T. JCT-
VC standardizes a coding method known as HEVC (High Efficiency Video Coding)
method (hereinafter referred to as "HEVC").

Since a target display size has been increased, the display size is divided into blocks
each having a block size that is larger than the existing macroblock size (16 * 16
pixels). Such a basic block having the large size is referred to as a "Largest Coding
Unit (LCU)". The largest size of the LCU is 64 * 64 pixels (refer to, for example, NPL
2). An LCU is further divided into sub-blocks, each to be subjected to a prediction
process and a transform process.

In order to increase the efficiency of encoding, an intra prediction/orthogonal
transform coding scheme based on a rectangular sub-block (e.g., a short distance intra
prediction scheme) has been developed in addition to the existing intra prediction/or-
thogonal transform coding scheme based on a square sub-block (refer to NPL 3). Fig. 2
illustrates an example of sub-block division used in the short distance intra prediction
scheme. As illustrated in Fig. 2, for simplicity, a basic block 200 is a 16 * 16 pixel
block, and each quadrangle indicated by a bold line represents a sub-block. In Fig. 2,
the basic block 200 illustrates an existing square sub-block dividing scheme. The 16 *
16 pixel basic block is divided into 8 * § pixel or 4 * 4 square sub-blocks. In contrast,

in Fig, 2, basic blocks 201 and 202 illustrate an example of a rectangle sub-block
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dividing scheme using a short distance intra prediction scheme. The 16 * 16 basic
block is divided into 4 * 16 or 16 * 4 rectangular sub-blocks. In this way, a coding

process is performed using a rectangular sub-block in addition to a square sub-block.
In HEVC, like H.264, a scheme for setting each element of a quantization matrix to a

desired value has been developed. In addition, in HEVC, in addition to the square sub-
block division scheme, a rectangular sub-block division scheme has been developed.
At that time, distribution of coefficients resulted from orthogonal transform varies in
accordance with the shape for the orthogonal transform. Accordingly, if the shape for
orthogonal transform does not match a quantization matrix, quantization is not appro-

priately performed. As a result, the image quality is significantly degraded.
Citation List

Non Patent Literature

NPL 1: ITU-T H.264 (03/2010) Advanced video coding for generic audio visual
services

NPL 2: JCT-VC Contribution JCTVC-E603.doc available at
http://phenix.int-evry.fr/jct/doc_end_user/documents/5_Geneva/wgl1/

NPL 3: JCT-VC Contribution JCTVC-E278.doc available at
http://phenix.int-evry.fr/jct/doc_end_user/documents/5_Geneva/wgl1/
Summary of Invention

The present invention provides an image encoding apparatus, an image encoding
method, an image decoding apparatus, an image decoding method, and a program that
adaptively use a quantization matrix in accordance with a shape for orthogonal
transform. In addition, the present invention provides an image encoding apparatus, an
image encoding method, an image decoding apparatus, an image decoding method, and
a program that reduce the amount of code when a quantization matrix is set for each of
the shapes for orthogonal transform.

According to an embodiment of the present invention, an image encoding apparatus
includes a block dividing unit configured to divide an input image into a plurality of
blocks, a prediction unit configured to perform prediction on each of the blocks
divided by the block dividing unit using already encoded blocks and generate a
prediction error, a transform unit configured to determine a shape of a processing block
to be used from a plurality of square or rectangular shapes of processing blocks for or-
thogonal transform, apply orthogonal transform of the determined shape to the
prediction error generated by the prediction unit, and generate a transformed co-
efficient, a quantization matrix selection unit configured to select a quantization matrix
on the basis of the shape of a processing block for orthogonal transform determined by

the transform unit, a quantization unit configured to quantize the transformed co-
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efficient using the quantization matrix selected by the quantization matrix selection
unit and generate a quantized coefficient, and a coefficient encoding unit configured to

encode the quantized coefficient generated by the quantization unit.
According to the present invention, a quantization matrix can be set for each of the

square or rectangular shapes of the processing block for orthogonal transform and,
thus, a quantization process best suited for each of the shapes of a processing block can
be performed.

Brief Description of Drawings

[fig.1]Fig. 1 is a block diagram of the configuration of an image encoding apparatus
according to a first exemplary embodiment of the present invention.

[fig.2]Fig. 2 illustrates an example of sub-block division.

[fig.3]Fig. 3 is a block diagram of the configuration of an image decoding apparatus
according to a second exemplary embodiment of the present invention.

[fig.4]Fig. 4 illustrates an example of a quantization matrix.

[fig.5]Fig. 5 is a flowchart of an image encoding process performed by the image
encoding apparatus according to the first exemplary embodiment.

[fig.6]Fig. 6 is a flowchart of an image decoding process performed by the image
decoding apparatus according to the second exemplary embodiment.

[fig.7A]Fig. 7A illustrates an example of the structure of a bit stream.

[fig.7B]Fig. 7B illustrates an example of the structure of a bit stream.

[fig.7C]Fig. 7C illustrates an example of the structure of a bit stream.

[fig.8]Fig. 8 is a block diagram of the configuration of an image encoding apparatus
according to a third exemplary embodiment of the present invention.

[fig.9]Fig. 9 is a block diagram of the configuration of an image decoding apparatus
according to a fourth exemplary embodiment of the present invention.

[fig.10]Fig. 10 is a flowchart of an image encoding process performed by the image
encoding apparatus according to the third exemplary embodiment.

[fig.11]Fig. 11 is a flowchart of an image decoding process performed by the image
decoding apparatus according to the fourth exemplary embodiment.

[fig.12]Fig. 12 is a block diagram of exemplary computer hardware applicable to the
image encoding apparatus and the image decoding apparatus according to the
exemplary embodiments.

[fig.13]Fig. 13 is a block diagram of an image encoding apparatus according to a fifth
exemplary embodiment of the present invention.

[fig.14]Fig. 14 is a block diagram of an image decoding apparatus according to a sixth
exemplary embodiment of the present invention.

[fig.15]Fig. 15 is a flowchart of an exemplary image encoding process performed by
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the image encoding apparatus according to the fifth exemplary embodiment.
[fig.16]Fig. 16 is a flowchart of an exemplary image decoding process performed by
the image decoding apparatus according to the sixth exemplary embodiment.
[fig.17A]Fig. 17A illustrates an example of computation for obtaining a rectangular
quantization matrix from a square quantization matrix.

[fig.17B]Fig. 17B illustrates an example of computation for obtaining a rectangular
quantization matrix from a square quantization matrix.

[fig.17C]Fig. 17C illustrates an example of computation for obtaining a rectangular
quantization matrix from a square quantization matrix.

Description of Embodiments

First Exemplary Embodiment

Exemplary embodiments of the present invention are described below with reference
to the accompanying drawings. Fig. 1 is a block diagram of the configuration of an
image encoding apparatus according to a first exemplary embodiment of the present
invention.

In Fig. 1, a block dividing unit 101 divides an input image into a plurality of basic
blocks. According to the present exemplary embodiment, for simplicity, the block
dividing unit 101 divides an input image into 16 * 16 pixel basic blocks. However, the
size of the basic block is not limited thereto.

A prediction unit 102 divides each of the basic blocks obtained through a dividing
operation performed by the block dividing unit 101 into sub-blocks each having a size
smaller than or equal to the size of the basic block. Thereafter, the prediction unit 102
performs prediction using encoded blocks on a sub-block basis. In addition, the
prediction unit 102 selects a prediction method. Thereafter, the prediction unit 102
performs prediction and computes a difference value in accordance with the selected
prediction method and, thus, computes a prediction error. In the case of an intra frame
of a still image or a moving image, intra prediction is performed. In addition, in the
case of a moving image, motion compensation prediction is performed. In general, in
order to perform intra prediction, among a plurality of reference methods, a method (a
prediction method) for referencing reference pixels used for computing a prediction
value using data of the reference pixels surrounding the target pixel is selected.
According to the present exemplary embodiment, for simplicity, the prediction unit
102 performs prediction by dividing the basic block into 16 * 16 pixel, 8 * & pixel, and
4 * 4 pixel square sub-blocks. Alternatively, the prediction unit 102 performs
prediction by dividing the basic block into 16 * 4 pixel and 4 * 16 pixel rectangular

sub-blocks. However, the size of the sub-block is not limited thereto.
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A quantization matrix holding unit 108 generates quantization matrices and tem-
porarily holds the generated quantization matrices. Any method for generating quan-
tization matrices to be held can be used. For example, a user may input the quan-
tization matrices. Alternatively, the quantization matrices may be computed using the
characteristics of an input image, or quantization matrices predetermined as an initial
value may be used.

A transform unit 103 applies orthogonal transform to the prediction error of each of
the sub-blocks. According to the present exemplary embodiment, the transform unit
103 applies orthogonal transform on the basis of the size of the sub-block determined
by the prediction unit 102 and computes an orthogonal transformed coefficient.
According to the present exemplary embodiment, the orthogonal transform is applied
on 16 * 16 pixel, 8 * 8 pixel, and 4 * 4 pixel processing blocks. Alternatively, the or-
thogonal transform is applied on 16 * 4 pixel and 4 * 16 pixel processing blocks. As
the orthogonal transform, discrete sine transform, Karhunen-Loeve transform, or
Hadamard transform can be employed in addition to discrete cosine transform.

A quantization matrix selection unit 107 selects a quantization matrix to be applied
from among the quantization matrices stored in the quantization matrix holding unit
108 by inputting the sub-block size selected by the prediction unit 102.

A quantization unit 104 quantizes the orthogonal transformed coefficient using the
quantization matrix selected by the quantization matrix selection unit 107. Through
such quantization, a quantized coefficient can be obtained.

A coefficient encoding unit 105 encodes the quantized coefficient obtained in this
manner and generates quantized coefficient code data. At that time, any technique for
encoding the quantized coefficient can be employed. For example, Huffman coding or
arithmetic coding can be employed.

A quantization matrix encoding unit 109 encodes the quantization matrices stored in
the quantization matrix holding unit 108 and generated quantization matrix code data.
A technique for encoding the quantization matrices is described in more detail below.
Any encoding technique can be employed. For example, Huffman coding or arithmetic
coding can be directly applied to the value of each of the elements of the quantization
matrix. Alternatively, Huffman coding or arithmetic coding may be applied to a
difference between the value of the element and the value of the immediately previous
element or a difference between the value of the element and the value of an element
of a different quantization matrix.

A code integrating unit 106 generates code related to header information, prediction,
and transform. In addition, the code integrating unit 106 integrates the quantized co-
efficient code data generated by the coefficient encoding unit 105 with the quantization

matrix code data generated by the quantization matrix encoding unit 109. Examples of
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code related to prediction and transform include code of the sub-block size and a
prediction method selected by the prediction unit 102.

An exemplary operation for encoding an image performed by the above-described
image encoding apparatus is described below. According to the present exemplary em-
bodiment, moving image data is input on a frame basis. However, a configuration that
receives still image data for one frame may be employed. In addition, according to the
present exemplary embodiment, for simplicity, only an intra prediction encoding
process is described. However, the following operation can be applied to an inter
prediction coding process.

Image data for one frame is input to the block dividing unit 101. The image data is
divided into 16 * 16 pixel basic blocks. Thereafter, each of the basic blocks is input to
the prediction unit 102.

The prediction unit 102 determines the size of a sub-block used for prediction. The
prediction unit 102 further determines a prediction method. Thereafter, the prediction
unit 102 performs prediction on a sub-block basis and generates a prediction error.

The transform unit 103 applies orthogonal transform on the prediction error
generated by the prediction unit 102 for each of the sub-blocks and generates the or-
thogonal transformed coefficient. According to the present exemplary embodiment, the
sub-block size and the shape are the same as the orthogonal transform size and shape.
However, they are not necessarily the same. The generated orthogonal transformed co-
efficient is input to the quantization unit 104.

The quantization matrix holding unit 108 stores the quantization matrices used for
quantization of the frame, that is, the quantization matrices corresponding to the shapes
of the sub-blocks. According to the present exemplary embodiment, five sub-block
sizes, that is, the sizes of 4 * 4 pixels, 8 * 8 pixels, 16 * 16 pixels, 16 * 4 pixels, and 4
* 16 pixels are employed. Accordingly, the quantization matrix holding unit 108 stores
a first quantization matrix for 4 * 4 pixel orthogonal transform, a second quantization
matrix for 8 * 8 pixel orthogonal transform, and a third quantization matrix for 16 * 16
pixel orthogonal transform. In addition, the quantization matrix holding unit 108 stores
a fourth quantization matrix for 16 * 4 pixel orthogonal transform, and a fifth quan-
tization matrix for 4 * 16 pixel orthogonal transform. According to the present
exemplary embodiment, the quantization matrix holding unit 108 stores the above-
described five quantization matrices. However, the number of the stored quantization
matrices varies with the number of the shapes of the sub-blocks.

The quantization matrix encoding unit 109 sequentially reads the quantization
matrices from the quantization matrix holding unit 108 in the order of the sub-block
size and encodes each of the quantization matrices to generate the quantization matrix

code data. At that time, according to the present exemplary embodiment, each of the
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elements of the quantization matrix is directly encoded, or a difference between an
element and an element immediately before the element is encoded. Alternatively, the
quantization matrix is encoded using DPCM, or the difference between the quan-
tization matrix and a different quantization matrix is encoded. However, the encoding
technique is not limited thereto. At the same time, by inserting code that stops
encoding when the same value continuously appears, the amount of code of the quan-
tization matrix can be reduced.

A particular example of a method for encoding a quantization matrix is described
next with reference to Fig. 4. In Fig. 4, a quantization matrix 400 corresponds to 16
pixels of a 4 * 4 pixel sub-block. Each square indicated by a bold line represents an
element. In this example, the method for encoding five quantization matrices (i.e., the
quantization matrix 400 and quantization matrices 401 to 404 in Fig. 4) is described.

As illustrated in Fig. 4, the elements of the quantization matrix 400 start with a value
of 1, and are incremented by one from element to element in the element sequence. For
example, to encode the quantization matrix 400, values from 1 to 16 are encoded one
by one. Alternatively, after the first element "1" is encoded, the difference between the
value of an element and the value of the immediately previous element (i.e., "1" in this
example) may be encoded 15 times. Furthermore, like DPCM, after the first element
"1" and the difference of "1" between the first element and the second element are
encoded, a prediction difference of "0" may be encoded.

As illustrated in Fig. 4, the elements of the quantization matrix 401 start with a value
of 3 and are incremented by one from element to element in the element sequence. For
example, to encode the quantization matrix 401, values from 3 to 18 are encoded one
by one. Alternatively, after the first element "3" is encoded, the difference between the
value of an element and the value of the immediately previous element (i.e., "1" in this
example) may be encoded 15 times. Furthermore, the difference between the element
of the quantization matrix 400 and the element of the quantization matrix 401 (i.e., "2"
in this example) may be encoded 16 times.

The elements of the quantization matrix 402 start with a value of "3" and are in-
cremented by one from element to element in the element sequence until the value
reaches "10". Thereafter, the value "10" appears three times and, subsequently, the
value is incremented by one from element to element until the value reaches "16". For
example, to encode the quantization matrix 402, like the quantization matrices 400 and
401, the value of each of the elements is encoded one by one. Alternatively, the
difference between the value of the element and the value of the immediately previous
element or the difference between the value of the element and the value of the
element of a different quantization matrix may be encoded. If the difference between

the value of each of the elements of the quantization matrix 402 and the value of each
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of the elements of the quantization matrix 400 is encoded, the difference value "2" is
encoded for the first "3" to the first "10", and the difference "1" is encoded for the
second "10". For the third "10" and the subsequent values, the difference value is "0".
Therefore, the difference value "0" is encoded seven times. Alternatively, at the same
time, by encoding code that stops the encoding operation, the amount of code of the
difference values may be reduced.

The elements of the quantization matrix 403 start with a value of "3" and are in-
cremented by one from element to element in the element sequence until the value
reaches "10". Thereafter, the value "10" repeatedly appears to the end. For example, to
encode the quantization matrix 403, like the quantization matrices 400 and 401, the
value of each of the elements is encoded one by one. Alternatively, the difference
between the value of the element and the value of the immediately previous element or
the difference between the value of the element and the value of the element of a
different quantization matrix may be encoded. If the difference between the value of
each of the elements of the quantization matrix 403 and the value of the immediately
previous element is encoded, the difference value "1" is encoded for the first "3" to the
first "10". For the subsequent elements, the difference value is "0". Therefore, the
difference value "0" is encoded seven times. In addition, at the same time, by encoding
code that stops the encoding operation, the amount of code of the difference values
may be reduced.

The elements of the quantization matrix 404 start with a value of "6" and are
gradually increased. For example, to encode the quantization matrix 404, like the quan-
tization matrices 400 and 401, the value of each of the elements is encoded one by one.
Alternatively, the difference between the value of the element and the value of the im-
mediately previous element or the difference between the value of the element and the
value of the element of a different quantization matrix may be encoded. If the
difference between the value of each of the elements of the quantization matrix 404
and the value of the immediately previous element is encoded, the value "6" of the first
element is encoded first. Thereafter, the difference value between the element and the
immediately previous element is encoded. That is, the values "7", "0", "7", "0", "0",
"8, o, on, "o", "4, "o, 0", "5", "0", and "5" are encoded in this order. It will be
appreciated that the above-described encoding methods of a quantization matrix is only
for the purpose of illustration and shall not be considered limiting in any way.

The quantization matrix selection unit 107 selects one of the quantization matrices
used for quantization of the target sub-block using the sub-block size determined by
the prediction unit 102. More specifically, the quantization matrix selection unit 107
selects, among the quantization matrices stored in the quantization matrix holding unit

108, the quantization matrix used for quantization of the target sub-block. For
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example, according to the present exemplary embodiment, if the sub-block size is 16 *
4 pixels, the quantization matrix selection unit 107 retrieves the fourth quantization
matrix from the quantization matrix holding unit 108 and outputs the fourth quan-
tization matrix to the quantization unit 104.

The quantization unit 104 quantizes the orthogonal transformed coefficient output
from the transform unit 103 using the quantization matrix selected by the quantization
matrix selection unit 107 and generates a quantized coefficient. The generated
quantized coefficient is input to the coefficient encoding unit 105.

The coefficient encoding unit 105 encodes the quantized coefficient generated by the
quantization unit 104 and generates quantized coefficient code data. Thereafter, the co-
efficient encoding unit 105 outputs the generated quantized coefficient code data to the
code integrating unit 106.

In addition, the quantization matrix encoding unit 109 encodes each of the quan-
tization matrices stored in the quantization matrix holding unit 108 and generates quan-
tization matrix code data. Thereafter, the quantization matrix encoding unit 109
outputs the generated quantization matrix code data to the code integrating unit 106.

The code integrating unit 106 generates code, such as code for a sequence header, a
frame header, a picture header, and a slice header of the image. In addition, the code
integrating unit 106 inserts the quantization matrix code data generated by the quan-
tization matrix encoding unit 109 into any one of the headers. The code integrating unit
106 integrates the code of such a header portion with the quantized coefficient code
data generated by the coefficient encoding unit 105. In addition, the code integrating
unit 106 encodes the sub-block size and prediction information generated by the
prediction unit 102. Thereafter, the code integrating unit 106 generates a bit stream and
outputs the generated bit stream.

Fig. 7A illustrates an example of a bit stream output in the first exemplary em-
bodiment. According to the present exemplary embodiment, the quantization matrix is
encoded into the sequence header portion of the bit stream. However, the quantization
matrix may be encoded into any position. For example, the quantization matrix may be
encoded into a picture header portion or another header portion. In addition, if a quan-
tization matrix is modified in a sequence, the quantization matrix can be modified by
newly encoding the quantization matrix. At that time, all of the quantization matrices
may be rewritten or some of the quantization matrices may be modified by specifying
the sub-block size of the quantization matrix to be rewritten. Furthermore, the quan-
tization matrix can be partially modified by specifying the sub-block size and the
position of an element to be modified of the quantization matrix to be rewritten.

Fig. 5 is a flowchart of an image encoding process performed by the image encoding

apparatus according to the first exemplary embodiment. In step S501, the quantization
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matrix holding unit 108 generates at least one quantization matrix. According to the
present exemplary embodiment, five sub-block sizes are employed. Accordingly, as
described above, five quantization matrices, that is, first to fifth quantization matrices
are generated.

In step S502, the quantization matrix encoding unit 109 encodes each of the quan-
tization matrices generated by the quantization matrix holding unit 108.

In step S503, the code integrating unit 106 encodes the header portion of a bit stream
and outputs the encoded header portion. At that time, the quantization matrix code data
encoded in step S502 is output together with the header portion.

In step S504, the block dividing unit 101 divides a frame-based input image into
basic blocks (16 * 16 pixels).

In step S505, the prediction unit 102 determines the size of the sub-block. In step
S506, the prediction unit 102 performs prediction on a sub-block size basis generated
in step S505.

In step S507, the image encoding apparatus selects a process to be performed next on
the basis of the sub-block size determined in step S506. If the sub-block size is 4 * 4
pixels, the processing proceeds to step S508. However, if the sub-block size is 8 * 8
pixels, the processing proceeds to step S528. If the sub-block size is 16 * 16 pixels, the
processing proceeds to step S548. If the sub-block size is 16 * 4 pixels, the processing
proceeds to step S568. If the sub-block size is 4 * 16 pixels, the processing proceeds to
step S588.

In step S508, the transform unit 103 applies orthogonal transform to the prediction
error generated in step S505 on a 4 * 4 pixel sub-block basis and generates an or-
thogonal transformed coefficient.

In step S509, the quantization matrix selection unit 107 selects the first quantization
matrix from among the quantization matrices generated in step S501.

In addition, in step S528, the transform unit 103 applies orthogonal transform to the
prediction error generated in step S505 on an 8 * 8 pixel sub-block basis and generates
an orthogonal transformed coefficient. As in step S509, in step S529, the quantization
matrix selection unit 107 selects the second quantization matrix from among the quan-
tization matrices generated in step S501. In addition, in step S548, the transform unit
103 applies orthogonal transform to the prediction error generated in step S505 on a 16
* 16 pixel sub-block basis and generates an orthogonal transformed coefficient. As in
step S509, in step S549, the quantization matrix selection unit 107 selects the third
quantization matrix from among the quantization matrices generated in step S501. In
addition, in step S568, the transform unit 103 applies orthogonal transform to the
prediction error generated in step S505 on a 16 * 4 pixel sub-block basis and generates

an orthogonal transformed coefficient. As in step S509, in step S569, the quantization
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matrix selection unit 107 selects the fourth quantization matrix from among the quan-
tization matrices generated in step S501. In addition, in step S588, the transform unit
103 applies orthogonal transform to the prediction error generated in step S505 on a 4
* 16 pixel sub-block basis and generates an orthogonal transformed coefficient. As in
step S509, in step S589, the quantization matrix selection unit 107 selects the fifth
quantization matrix from among the quantization matrices generated in step S501.

In step S510, the quantization unit 104 receives the orthogonal transformed co-
efficient generated in step S508, S528, S548, S568, or S588. Thereafter, the quan-
tization unit 104 quantizes the orthogonal transformed coefficients using the quan-
tization matrices selected in steps S509, S529, S549, S569, or S589 and generates the
quantized coefficient.

In step S511, the coefficient encoding unit 105 encodes the quantized coefficient
generated in step S510 and generates the quantized coefficient code data.

In step S512, the image encoding apparatus determines whether all of the sub-blocks
in the basic block have been encoded. If all of the sub-blocks in the basic block have
been encoded, the processing proceeds to step S513. However, if all of the sub-blocks
in the basic block have not been encoded, the processing returns to step S505 in order
to process the next sub-block.

In step S513, the image encoding apparatus determines whether all of the basic
blocks have been encoded. If all of the basic blocks have been encoded, all operations
are stopped and the processing is completed. However, if all of the basic blocks have
not been encoded, the processing returns to step S504, where processing of the next
basic block is started.

Through such a configuration and operations, in particular, through processing in
steps S501, S509, S529, S549, S569, and S589, a bit stream that is quantized using the
quantization matrix best suited for the shape of a sub-block for orthogonal transform
can be generated.

While the present exemplary embodiment has been described with reference to a
frame to which only intra prediction is applied, it is appreciated that the present
exemplary embodiment is applicable to a frame to which inter prediction can be
applied.

In addition, while the present exemplary embodiment has been described with
reference to a technique in which one of quantization matrices is used for one of the
sub-block sizes, a plurality of the quantization matrices may be prepared for one of the
sub-block sizes and, thereafter, one of the quantization matrices may be selected and
used in accordance with a prediction method or a transform method.

Alternatively, even when the sub-block sizes of quantization matrices differ from

each other, one of the quantization matrices may be shared for the sub-block sizes
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having the same number of pixels. For example, according to the present exemplary
embodiment, three 64-pixel sub-block sizes, that is, an 8 * 8 pixel size, a 16 * 4 pixel
size, and a 4 * 16 pixel size are employed. In this case, the quantization matrix for an 8
* 8 pixel sub-block may be used for a 16 * 4 pixel sub-block and a 4 * 16 pixel sub-
block. Similarly, the quantization matrix for a 16 * 4 pixel sub-block may be used for a
4 * 16 pixel sub-block. Even when the quantization matrix is not shared, a difference
between the quantization matrix and the quantization matrix corresponding to a
different sub-block may be encoded. For example, when the quantization matrix for 16
* 4 pixels is encoded, a difference between each of the elements of the quantization
matrix and the corresponding one of the elements of the quantization matrix for 8 * §
pixels may be encoded.

In addition, in order to encode two quantization matrices for the sub-block sizes
having different numbers of pixels, one of the quantization matrices may be encoded
through quantization for the other sub-block size. For example, an 8 * 8 pixel quan-
tization matrix may be encoded on an element basis. For a 4 * 4 pixel quantization
matrix, a prediction value may be computed by averaging 2 * 2 elements in the 8 * §
pixel quantization matrix or thinning out the elements, and the difference therebetween
may be encoded. As an example according to the present exemplary embodiment, each
of the elements of the 16 * 16 pixel quantization matrix is encoded. For the 16 * 4
pixel quantization matrix and the 4 * 16 pixel quantization matrix, the 16 * 16 pixel
quantization matrix is thinned out on a 1 * 4 element basis or a 4 * 1 element basis, or
an average value is computed on a 1 * 4 element basis or a 4 * 1 element basis.
Thereafter, the values may be directly used as the element of the quantization matrix.
Alternatively, the values may be used as prediction values, and the differences may be
encoded. Conversely, each of the elements of the 4 * 4 pixel quantization matrix may
be encoded. Thereafter, for the 16 * 4 pixel quantization matrix and the 4 * 16 pixel
quantization matrix, each of the elements of the 4 * 4 pixel quantization matrix may be
subjected to interpolation, and the interpolated elements may be directly used as the
elements of the 16 * 4 pixel quantization matrix and the 4 * 16 pixel quantization
matrix. Alternatively, the values may be used as prediction values, and the differences
may be encoded. Note that while description has been made with reference to a
technique in which each of the elements is encoded in order to encode the quantization
matrix, a technique is not limited thereto.

In addition, while the present exemplary embodiment has been described with
reference to a technique for switching a quantization matrix input to the quantization
unit 104 in accordance with the sub-block size, the technique is not limited thereto. For
example, a quantization unit corresponding each of the quantization matrices may be

provided, and one of the quantization units may be selected on the basis of the output
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of the quantization matrix selection unit 107.

In addition, while the present exemplary embodiment has been described with
reference to a technique in which a quantization matrix is selected after the prediction
error is subjected to orthogonal transform, the technique is not limited thereto. For
example, orthogonal transform may be applied after the quantization matrix is selected,
or selection of a quantization matrix and orthogonal transform may be performed at the
same time.

Second Exemplary Embodiment

Fig. 3 is a block diagram of the configuration of an image decoding apparatus
according to a second exemplary embodiment of the present invention. According to
the present exemplary embodiment, decoding of the bit stream generated in the first
exemplary embodiment illustrated in Fig. 1 is described.

As illustrated in Fig. 3, a decoding/separating unit 301 decodes the header in-
formation of an input bit stream and separates necessary code from the bit stream.
Thereafter, the decoding/separating unit 301 outputs the code to units disposed
downstream thereof. The decoding/separating unit 301 performs an operation that is
the reverse of the operation performed by the code integrating unit 106 illustrated in
Fig. 1.

A quantization matrix decoding unit 308 extracts the quantization matrix code data
from the header information of the bit stream and decode the extracted quantization
matrix code data.

A quantization matrix holding unit 309 temporarily stores a quantization matrices
decoded by the quantization matrix decoding unit 308.

A prediction/transform method extracting unit 306 decodes prediction/transform in-
formation from the code separated by the decoding/separating unit 301 on a basic
block basis and determines the sub-block size on the basis of the prediction/transform
information. A prediction method and prediction/transform are applied on the basis of
the sub-block size. According to the present exemplary embodiment, the sub-block
size and the shape are the same as the orthogonal transform size and shape. However,
they are not necessarily the same.

A quantization matrix selection unit 307 selects one of the quantization matrices
stored in the quantization matrix holding unit 309 on the basis of the sub-block size de-
termined by the prediction/transform method extracting unit 306.

A coefficient decoding unit 302 decodes quantized coefficient code from the code
separated by the decoding/separating unit 301 and reconstructs the quantized co-
efficient.

An inverse quantization unit 303 inverse-quantizes the quantized coefficient using

the quantization matrix selected by the quantization matrix selection unit 307 and re-
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constructs the orthogonal transformed coefficient.

An inverse transform unit 304 applies inverse orthogonal transform that is the reverse
of the operation performed by the transform unit 103 illustrated in Fig. 1 and re-
constructs the prediction error.

A prediction reconstruction unit 305 reconstructs the image data of the basic block
from the prediction information, such as the sub-block size by which prediction is
performed, the prediction error, and already decoded image data.

An exemplary image decoding operation performed by the above-described image
decoding apparatus is described below. According to the present exemplary em-
bodiment, the bit stream of a moving image generated in the first exemplary em-
bodiment is input on a frame basis. However, a configuration for receiving the bit
stream of a still image for one frame may be employed. In addition, according to the
present exemplary embodiment, for simplicity, only an intra prediction decoding
process is described below. However, the following image decoding operation can be
applied to an inter prediction decoding process.

As illustrated in Fig. 3, stream data for one frame is input to the decoding/separating
unit 301. The decoding/separating unit 301 decodes the header information required
for reconstructing the image. In addition, the decoding/separating unit 301 separates
code used in the subsequent process and outputs the code. The quantization matrix
code data included in the header information is input to the quantization matrix
decoding unit 308. Thus, the quantization matrix corresponding to the sub-block size is
reconstructed. The quantization matrix is used in the subsequent inverse quantization
process. According to the present exemplary embodiment, the first quantization matrix
for a 4 * 4 pixel sub-block, the second quantization matrix for an 8 * 8 pixel sub-block,
and the third quantization matrix for a 16 * 16 pixel sub-block are reconstructed. In
addition, the fourth quantization matrix for a 16 * 4 pixel sub-block, and the fifth quan-
tization matrix for a 4 * 16 pixel sub-block are reconstructed. According to the present
exemplary embodiment, five sub-block sizes, that is, 4 * 4 pixels, 8 * 8 pixels, 16 * 16
pixels, 16 * 4 pixels, and 4 * 16 pixels are employed. Accordingly, five types of quan-
tization matrix are reconstructed. The number of types of quantization matrix varies
with the number of the orthogonal transform shapes. The reconstructed quantization
matrix is input to the quantization matrix holding unit 309 and is temporarily stored in
the quantization matrix holding unit 309.

Among codes separated by the decoding/separating unit 301, codes related to
prediction and transform are input to the prediction/transform method extracting unit
306 and are decoded. Thus, information indicating the prediction method and the sub-
block size is generated. Information indicating the sub-block size is output to the quan-

tization matrix selection unit 307 and the coefficient decoding unit 302. In addition,
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decoded information indicating the prediction method is output to the prediction recon-
struction unit 305.

The quantization matrix selection unit 307 selects one of the quantization matrices
stored in the quantization matrix holding unit 309 using the input sub-block size in-
formation and outputs the selected quantization matrix to the inverse quantization unit
303. For example, according to the present exemplary embodiment, if the sub-block
size is 4 * 16 pixels, the quantization matrix selection unit 307 selects the fifth quan-
tization matrix in the quantization matrix holding unit 309 and outputs the fifth quan-
tization matrix to the inverse quantization unit 303.

Furthermore, among the codes separated by the decoding/separating unit 301, the
quantized coefficient code data is input to the coefficient decoding unit 302. The co-
efficient decoding unit 302 decodes the quantized coefficient code data on a sub-block
size basis input from the prediction/transform method extracting unit 306. Thus, the
quantized coefficient is reconstructed. The reconstructed quantized coefficient is
output to the inverse quantization unit 303.

The inverse quantization unit 303 receives the quantization matrix selected by the
quantization matrix selection unit 307 and the quantized coefficient reconstructed by
the coefficient decoding unit 302. Thereafter, the inverse quantization unit 303 applies
inverse quantization using the quantization matrix to reconstruct the orthogonal
transformed coefficient and outputs the reconstructed orthogonal transformed co-
efficient to the inverse transform unit 304.

The inverse transform unit 304 receives the reconstructed orthogonal transformed co-
efficient and applies inverse orthogonal transform, which is the reverse of the
operation performed by the transform unit 103 illustrated in Fig. 1, to the orthogonal
transformed coefficient. Thus, the inverse transform unit 304 reconstructs the
prediction error and outputs the reconstructed prediction error to the prediction recon-
struction unit 305.

The prediction reconstruction unit 305 performs prediction on the input prediction
error using decoded surrounding pixel data on a sub-block basis in accordance with the
prediction method decoded by the prediction/transform method extracting unit 306.
Thus, the prediction reconstruction unit 305 reconstructs image data on a basic block
basis and outputs the image data.

Fig. 6 is a flowchart of an image decoding process performed by the image decoding
apparatus according to the second exemplary embodiment.

In step S601, the decoding/separating unit 301 decodes the header information first.

In step S602, the quantization matrix decoding unit 308 decodes the quantization
matrix code data included in the header information and reconstructs the quantization

matrix used in the subsequent inverse quantization process. The decoded quantization
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matrix is stored in the quantization matrix holding unit 309. According to the present
exemplary embodiment, the first quantization matrix for a 4 * 4 pixel sub-block size,
the second quantization matrix for an 8 * 8 pixel sub-block size, and the third quan-
tization matrix for a 16 * 16 pixel sub-block size are decoded and reconstructed. In
addition, the fourth quantization matrix for a 16 * 4 pixel sub-block size and the fifth
quantization matrix for a 4 * 16 pixel sub-block size are decoded and reconstructed.
Note that the decoding order is not limited thereto.

In step S603, the prediction/transform method extracting unit 306 decodes in-
formation related to prediction and transform on a basic block basis and generates the
sub-block size using the decoded information. The prediction method and prediction/
orthogonal transform are applied on the basis of a sub-block size.

In step S604, a process to be performed next is selected on the basis of the sub-block
size generated in step S603. If the sub-block size is 4 * 4 pixels, the processing
proceeds to step S605. However, if the sub-block size is 8 * 8 pixels, the processing
proceeds to step S625. If the sub-block size is 16 * 16 pixels, the processing proceeds
to step S645. If the sub-block size is 16 * 4 pixels, the processing proceeds to step
S665. If the sub-block size is 4 * 16 pixels, the processing proceeds to step S685.

In step S605, the quantization matrix selection unit 307 selects one of the quan-
tization matrices applied to the sub-block on the basis of the sub-block size extracted in
step S603. More specifically, since the extracted sub-block size is 4 * 4 pixels, the
quantization matrix selection unit 307 selects the first quantization matrix.

In step S625, the quantization matrix selection unit 307 selects the quantization
matrix to be applied to the sub-block on the basis of the sub-block size. More
specifically, since the extracted sub-block size is 8 * 8 pixels, the quantization matrix
selection unit 307 selects the second quantization matrix. In step S645, the quantization
matrix selection unit 307 selects the quantization matrix applied to the sub-block on
the basis of the sub-block size. More specifically, since the extracted sub-block size is
16 * 16 pixels, the quantization matrix selection unit 307 selects the third quantization
matrix. In step S665, the quantization matrix selection unit 307 selects the quantization
matrix applied to the sub-block on the basis of the sub-block size. More specifically,
since the extracted sub-block size is 16 * 4 pixels, the quantization matrix selection
unit 307 selects the fourth quantization matrix. In step S685, the quantization matrix
selection unit 307 selects the quantization matrix applied to the sub-block on the basis
of the sub-block size. More specifically, since the extracted sub-block size is 4 * 16
pixels, the quantization matrix selection unit 307 selects the fifth quantization matrix.

In step S606, the coefficient decoding unit 302 decodes the quantized coefficient
code data on a sub-block basis and reconstructs the quantized coefficient.

In step S607, the inverse quantization unit 303 applies inverse quantization to the
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quantized coefficient reconstructed in step S606 using the quantization matrix selected
in steps S605, S625, S645, S665, or S685. Thus, the inverse quantization unit 303 re-
constructs the orthogonal transformed coefficient.

In step S608, a process to be performed next is selected again on the basis of the sub-
block size generated in step S603. If the sub-block size is 4 * 4 pixels, the processing
proceeds to step S609. However, if the sub-block size is 8 * 8 pixels, the processing
proceeds to step S629. If the sub-block size is 16 * 16 pixels, the processing proceeds
to step S649. If the sub-block size is 16 * 4 pixels, the processing proceeds to step
S669. If the sub-block size is 4 * 16 pixels, the processing proceeds to step S689.

In step S609, the inverse transform unit 304 applies inverse orthogonal transform to
the orthogonal transformed coefficient reconstructed in step S607 on a 4 * 4 sub-block
basis and reconstructs the prediction error. In step S629, the inverse transform unit 304
applies inverse orthogonal transform to the orthogonal transformed coefficient recon-
structed in step S607 on an 8 * 8 sub-block basis and reconstructs the prediction error.
In step S649, the inverse transform unit 304 applies inverse orthogonal transform to the
orthogonal transformed coefficient reconstructed in step S607 on a 16 * 16 sub-block
basis and reconstructs the prediction error. In step S669, the inverse transform unit 304
applies inverse orthogonal transform to the orthogonal transformed coefficient recon-
structed in step S607 on a 16 * 4 sub-block basis and reconstructs the prediction error.
In step S689, the inverse transform unit 304 applies inverse orthogonal transform to the
orthogonal transformed coefficient reconstructed in step S607 on a 4 * 16 sub-block
basis and reconstructs the prediction error.

In step S610, the prediction reconstruction unit 305 performs prediction using the
decoded surrounding pixel data in accordance with the prediction method recon-
structed in step S603. The prediction value is added to the prediction errors recon-
structed in step S609, S629, S649, S669, or S689. Thus, the decoded image of the sub-
block is reconstructed.

In step S611, the image decoding apparatus determines whether all of the sub-blocks
in the basic block have been decoded. If all of the sub-blocks in the basic block have
been decoded, the processing proceeds to step S612. However, if all of the sub-blocks
in the basic block have not been decoded, the processing returns to step S604, where
the processing for the next sub-block is started.

In step S612, the image decoding apparatus determines whether all of the basic
blocks have been decoded. If all of the basic blocks have been decoded, all operations
are stopped and the processing is completed. However, if all of the basic blocks have
not been decoded, the processing returns to step S603, where the processing for the
next basic block is started.

Through such a configuration and operations, the bit stream generated through the
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quantization process performed using a quantization matrix best suited for the or-
thogonal transform shape (the shape indicated by the sub-block size) in the first
exemplary embodiment can be decoded, and a reconstructed image can be obtained.

Note that like the first exemplary embodiment, the size and shape of the basic block
are not limited to those described above. In addition, the size and shape of the sub-
block are not limited to those described above.

If a plurality of the quantization matrix code data items are included in a bit stream of
one sequence, the quantization matrix may be updated. The decoding/separating unit
301 detects the quantization matrix code data, and the quantization matrix decoding
unit 308 decodes the quantization matrix code data. The decoded quantization matrix
data is replaced with the corresponding quantization matrix stored in the quantization
matrix holding unit 309. At that time, all of the quantization matrices may be replaced.
Alternatively, by detecting the sub-block size of the quantization matrix to be replaced,
only part of the quantization matrix can be updated. Still alternatively, by detecting the
sub-block size of the quantization matrix to be replaced and the position of an element
to be updated, only some of the elements of the matrix can be updated.

In addition, while the present exemplary embodiment has been described with
reference to a technique in which one of quantization matrices input to the inverse
quantization unit 303 is selected in accordance with the sub-block size, the technique is
not limited thereto. For example, a plurality of inverse quantization units each corre-
sponding to one of the quantization matrices may be prepared and, thereafter, one of
the inverse quantization units may be selected in accordance with the output of the
quantization matrix selection unit 307. Similarly, in Fig. 6, a plurality of steps S606
and a plurality of steps S607 may be prepared. Thereafter, determination is made in
step S604, and selection of the quantization matrix, decoding of the coefficient, inverse
quantization, and inverse transform may be performed for each of the sub-block sizes
at the same time.

Furthermore, while the present exemplary embodiment has been described with
reference to decoding of the quantized coefficient performed after selection of the
quantization matrix, the sequence is not limited thereto. For example, selection of the
quantization matrix may be made after the quantized coefficient is decoded. Alter-
natively, selection of the quantization matrix and decoding of the quantized coefficient
may be performed at the same time.

Third Exemplary Embodiment

Fig. 8 is a block diagram of an image encoding apparatus according to the present
exemplary embodiment. The same numbering is used for components which were
previously illustrated in Fig. 1 (the first exemplary embodiment), and description of the

component is not repeated.
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An encoding method generation unit 851 generates encoding information indicating
how to encode each of the quantization matrices.

A quantization matrix encoding unit 809 encodes the quantization matrix stored in
the quantization matrix holding unit 108 on the basis of the encoding information
generated by the encoding method generation unit 851 and generates quantization
matrix code data.

Like the code integrating unit 106 illustrated in Fig. 1, a code integrating unit 806
generates code related to the header information, prediction, and transform. The code
integrating unit 806 differs from the code integrating unit 106 in that the encoding in-
formation is received from the encoding method generation unit 851 and is encoded.

An exemplary image encoding operation performed by the image encoding apparatus
is described below.

The encoding method generation unit 851 generates the encoding information in-
dicating how to encode each of the quantization matrices first. According to the present
exemplary embodiment, if the encoding information is "0", each of the elements of a
quantization matrix is directly encoded. However, if the encoding information is "1",
the difference between an element and the immediately previous element is encoded. If
the encoding information is "2", the difference between an element and an element of
the immediately previously encoded quantization matrix having the same number of
elements is encoded. If the encoding information is "3", the elements of the im-
mediately previously encoded quantization matrix having a larger number of elements
are thinned out to generate a prediction quantization matrix. Thereafter, the difference
between an element and an element of the prediction quantization matrix is encoded.
Furthermore, if the encoding information is "4", the elements of the immediately
previously encoded quantization matrix having a smaller number of elements are
increased by interpolation to generate a prediction quantization matrix. Thereafter, the
difference between an element and an element of the prediction quantization matrix is
encoded. However, the method for encoding each of the elements of the quantization
matrix is not limited thereto. For example, like DPCM, after the difference between a
first element and a second element is encoded, the prediction difference may be
encoded. Alternatively, by referring to the immediately previous decoded quantization
matrix or a decoded quantization matrix indicated by other code, encoding may be
performed. In the prediction method for a quantization matrix having a smaller number
of elements using a quantization matrix having a larger number of elements, the
elements are thinned out. However, the average value or the median value may be
used. Alternatively, without encoding a difference, an identifier indicating that the
difference is shared by another quantization matrix may be encoded. In addition, a

combination of the quantization matrix encoding method information and the quan-
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tization matrix encoding method is not limited thereto. Any method for generating the
quantization matrix encoding method information can be employed. For example, the
user may input the quantization matrix encoding method information. Alternatively, a
predetermined fixed value may be used. Still alternatively, a value computed using the
characteristics of the quantization matrices stored in the quantization matrix holding
unit 108 may be used. The generated quantization matrix encoding method information
is input to the quantization matrix encoding unit 809 and the code integrating unit 806.

The quantization matrix encoding unit 809 encodes each of the quantization matrices
stored in the quantization matrix holding unit 108 on the basis of the input encoding in-
formation and generates quantization matrix code data. Thereafter, the quantization
matrix encoding unit 809 outputs the generated quantization matrix code data to the
code integrating unit 806.

The code integrating unit 806 encodes the encoding information generated by the
encoding method generation unit 851 and generates encoding information code.
Thereafter, the code integrating unit 806 embeds the generated encoding information
code into, for example, the header information and outputs the encoding information
code. In addition, the code integrating unit 806 encodes the sub-block size information
generated by the prediction unit 102 and outputs the encoded sub-block size in-
formation. At that time, any encoding method can be used. For example, Huffman
coding or arithmetic coding can be employed. Fig. 7B illustrates an example of a bit
stream including the encoding information code. The encoding information code may
be included in any one of the headers, such as a sequence header or a picture header.
However, the encoding information code is located prior to each of the quantization
matrix code data items.

Fig. 10 is a flowchart of an exemplary image encoding process performed by the
image encoding apparatus according to the third exemplary embodiment. The same
numbering is used for elements which were previously illustrated in Fig. 5 (the first
exemplary embodiment), and description of the elements is not repeated.

In step S1051, the encoding method generation unit 851 determines the encoding in-
formation to be used in the subsequent step S1002.

In step S1002, the quantization matrix encoding unit 809 encodes the quantization
matrix generated in step S501 on the basis of the encoding information determined in
step S1051.

In step S1003, the code integrating unit 806 encodes the encoding information and
generates the encoding information code. As for other code, the code integrating unit
806 embeds the encoding information code into the header portion and outputs the
encoding information code.

Through such a configuration and operations, each of the quantization matrices is
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encoded using an encoding method best suited for the quantization matrix. Thus, a bit
stream subjected to a quantization process using an optimum quantization matrix cor-
responding to orthogonal transform indicated by the sub-block size can be generated.
In this way, the amount of code generated by encoding the quantization matrix can be
reduced.

While the present exemplary embodiment has been described with reference to the
case in which a single encoding method is applied to all of the quantization matrices to
be encoded, the encoding process is not limited thereto. For example, an encoding
method may be switched on a quantization matrix basis or a sub-block size basis.
Fourth Exemplary Embodiment

Fig. 9 is a block diagram of an image decoding apparatus according to the present
exemplary embodiment. The same numbering is used for components which were
previously illustrated in Fig. 3 (the second exemplary embodiment), and description of
the components is not repeated.

A decoding/separating unit 901 decodes the header information of an input bit stream
and separates necessary code from the bit stream. Thereafter, the decoding/separating
unit 901 outputs the separated code to a unit downstream of the decoding/separating
unit 901. The decoding/separating unit 901 differs from the decoding/separating unit
301 illustrated in Fig. 3 in that the encoding information code is separated from the
header information of the bit stream and is output to a unit downstream of the
decoding/separating unit 901.

A decoding method decoding unit 951 decodes the encoding information code
separated by the decoding/separating unit 901 and reconstructs the quantization matrix
encoding method information.

A quantization matrix decoding unit 908 decodes the quantization matrix code data
separated from the header information of the bit stream by the decoding/separating unit
901 on the basis of the encoding method information.

An exemplary image decoding operation performed by the image decoding apparatus
is described below.

As illustrated in Fig. 9, input stream data for one frame is input to the decoding/
separating unit 901. The header information necessary for reconstructing the image is
decoded. In addition, code to be used in the subsequent process is separated and
output. The encoding information code included in the header information is input to
the decoding method decoding unit 951, and the quantization matrix encoding method
information is reconstructed. Thereafter, the reconstructed quantization matrix
encoding method information is input to the quantization matrix decoding unit 908.

In contrast, the quantization matrix code data included in the header information is

input to the quantization matrix decoding unit 908. The quantization matrix decoding
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unit 908 selects one of the quantization matrix decoding methods on the basis of the
input quantization matrix encoding method information and decodes the quantization
matrix code data. Thus, the quantization matrices to be used in the subsequent inverse
quantization process are reconstructed. The reconstructed quantization matrices are
temporarily stored in the quantization matrix holding unit 309.

Fig. 11 is a flowchart of an exemplary image decoding process performed by the
image decoding apparatus according to the fourth exemplary embodiment. The same
numbering is used for elements which were previously illustrated in Fig. 6 (the second
exemplary embodiment), and description of the elements is not repeated.

In step S1101, the decoding/separating unit 901 decodes the header information.

In step S1151, the decoding method decoding unit 951 decodes the quantization
matrix encoding information code included in the header information and reconstructs
the quantization matrix encoding method information.

In step S1102, the quantization matrix decoding unit 908 selects one of the quan-
tization matrix decoding methods on the basis of the quantization matrix encoding
method information reconstructed in step S1151. Thereafter, the quantization matrix
decoding unit 908 decodes the quantization matrix code data included in the header in-
formation and reconstructs the quantization matrices.

Through such a configuration and operations, the bit stream generated through the
quantization process performed using quantization matrices encoded using an encoding
method best suited for the sub-block size in the third exemplary embodiment can be
decoded, and a reconstructed image can be obtained. In this way, a bit stream having a
reduced amount of code through an encoding process adaptive to quantization matrices
can be obtained.

While the present exemplary embodiment has been described with reference to the
case in which only one decoding method is selected for all of the quantization matrix
code data items to be decoded, selection of a decoding method is not limited thereto. A
decoding method may be selected on a quantization matrix basis. Alternatively, a
decoding method may be selected for each of the sub-block sizes.

Fifth Exemplary Embodiment

Fig. 13 is a block diagram of an image encoding apparatus according to the present
exemplary embodiment. The same numbering is used for components which were
previously illustrated in Fig. 1 (the first exemplary embodiment), and description of the
components is not repeated.

A quantization matrix holding unit 1308 generates a quantization matrix and tem-
porarily holds the generated quantization matrix. Any method for generating a quan-
tization matrix to be held can be employed. For example, the user may input the quan-

tization matrix. Alternatively, the quantization matrix may be computed using the char-
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acteristics of an input image, or a quantization matrix predetermined as an initial value
may be used. According to the present exemplary embodiment, quantization matrices
corresponding to square orthogonal transform, such as 4 * 4 pixel, 8 * § pixel, and 16 *
16 pixel orthogonal transform, are generated and stored. In addition, quantization
matrices that correspond to rectangular orthogonal transform, such as 16 * 4 pixel and
4 * 16 pixel orthogonal transform, and that are generated by a quantization matrix
reduction unit 1351 (described in more detail below) are input and stored. However,
generated and stored quantization matrices are not limited thereto. For example, a 32 *
32 pixel square quantization matrix may be further generated and, thereafter, the
reduced 32 * 8 pixel and 8 * 32 pixel rectangular quantization matrices may be further
stored.

A quantization matrix reduction unit 1351 reduces one side of a square quantization
matrix and generates a rectangular quantization matrix. According to the present
exemplary embodiment, the quantization matrix reduction unit 1351 receives a 16 * 16
pixel square quantization matrix generated by the quantization matrix holding unit
1308 and performs a reduction process to generate a 4 * 16 pixel quantization matrix
and a 16 * 4 pixel quantization matrix. The reduction process is described below with
reference to Figs. 17A to 17C.

Fig. 17A illustrates a 16 * 16 pixel quantization matrix modeled using symbols. The
symbols "double circle", "circle", "triangle", and "cross" represent elements of a quan-
tization matrix. According to the present exemplary embodiment, the quantization
matrix reduction unit 1351 extracts the elements at the positions indicated by a double
circle and a circle from the 16 * 16 pixel quantization matrix illustrated in Fig. 17A in
the vertical direction and, thus, generates a 16 * 4 pixel quantization matrix illustrated
in Fig. 17B. In addition, the quantization matrix reduction unit 1351 extracts the
elements at the positions indicated by a double circle and a triangle from the 16 * 16
pixel quantization matrix illustrated in Fig. 17A in the horizontal direction and, thus,
generates a 4 * 16 pixel quantization matrix illustrated in Fig. 17C.

A quantization matrix encoding unit 1309 encodes a square quantization matrix
among the quantization matrices stored in the quantization matrix holding unit 1308
and generates quantization matrix code data. Like the quantization matrix encoding
unit 109 illustrated in Fig. 1, any method for encoding the quantization matrix can be
employed. For example, Huffman coding or arithmetic coding can be directly applied
to the value of each of the elements of the quantization matrix. Alternatively, Huffman
coding or arithmetic coding may be applied to a difference between the value of the
element and the value of the immediately previous element or a difference between the
value of the element and the value of an element of a different quantization matrix.

A code integrating unit 1306 generates code related to header information,
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prediction, and transform. In addition, the code integrating unit 1306 integrates the
quantized coefficient code data generated by the coefficient encoding unit 105 with the
quantization matrix code data generated by the quantization matrix encoding unit 1309.

An exemplary image encoding operation performed by the image encoding apparatus
is described below.

The quantization matrix holding unit 1308 stores the quantization matrices for square
sub-block shapes among the quantization matrices used for quantizing the frame.
According to the present exemplary embodiment, five sub-block sizes, that is, the 4 * 4
pixel size, the 8 * 8 pixel size, the 16 * 16 pixel size, the 16 * 4 pixel size, and the 4 *
16 pixel size, are employed. Thus, the quantization matrix holding unit 1308 holds the
first quantization matrix corresponding to 4 * 4 pixel orthogonal transform, the second
quantization matrix corresponding to 8 * 8 pixel orthogonal transform, and the third
quantization matrix corresponding to 16 * 16 pixel orthogonal transform. According to
the present exemplary embodiment, the quantization matrix holding unit 1308 holds
these three quantization matrices. If the number of the shapes of the sub-blocks
increases or decreases, the number of quantization matrices held in the quantization
matrix holding unit 1308 increases or decreases. In addition, since the quantization
matrices corresponding to 16 * 4 pixel orthogonal transform and 4 * 16 orthogonal
transform need to be generated, the quantization matrix holding unit 1308 outputs the
16 * 16 pixel quantization matfrix to the quantization matrix reduction unit 1351.

The quantization matrix reduction unit 1351 reduces the input 16 * 16 pixel quan-
tization matrix using the above-described method and generates a 16 * 4 pixel quan-
tization matrix and a 4 * 16 pixel quantization matrix. Thereafter, the quantization
matrix reduction unit 1351 outputs the 16 * 4 pixel quantization matrix and the 4 * 16
pixel quantization matrix to the quantization matrix holding unit 1308.

The quantization matrix holding unit 1308 further stores the 16 * 4 pixel quantization
matrix and the 4 * 16 pixel quantization matrix input from the quantization matrix
reduction unit 1351. That is, the quantization matrix holding unit 1308 further holds
the fourth quantization matrix corresponding to 16 * 4 pixel orthogonal transform and
the fifth quantization matrix corresponding to 4 * 16 pixel orthogonal transform.

The quantization matrix encoding unit 1309 sequentially reads the quantization
matrices corresponding to square orthogonal transform from the quantization matrix
holding unit 1308 in the order of increasing sub-block size and encodes the quan-
tization matrix. Thus, the quantization matrix encoding unit 1309 generates the quan-
tization matrix code data. According to the present exemplary embodiment, three
quantization matrices, that is, the first quantization matrix corresponding to 4 * 4 pixel
orthogonal transform, the second quantization matrix corresponding to 8 * 8 pixel or-

thogonal transform, and the third quantization matrix corresponding to 16 * 16 pixel
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orthogonal transform are encoded. As in the quantization matrix encoding unit 109 1il-
lustrated in Fig. 1, the encoding method is not limited to the above-described encoding
method.

Like the code integrating unit 106 illustrated in Fig. 1, the code integrating unit 1306
generates code related to the sequence header, the frame header, the picture header,
and a slice header. In addition, the code integrating unit 1306 embeds the quantization
matrix code data generated by the quantization matrix encoding unit 1309 into any one
of the headers. Fig. 7C illustrates an example of a bit stream output in the present
exemplary embodiment. According to the present exemplary embodiment, the quan-
tization matrices are encoded into the sequence header of the bit stream. However, the
encoding location is not limited thereto.

Fig. 15 is a flowchart of an exemplary image encoding process performed by the
image encoding apparatus according to the fifth exemplary embodiment. The same
numbering is used for elements which were previously illustrated in Fig. 5 (the first
exemplary embodiment), and description of the elements is not repeated.

In step S1501, the quantization matrix holding unit 1308 generates at least one quan-
tization matrix. According to the present exemplary embodiment, five sub-block sizes
are employed. Among these sub-block sizes, three sub-block sizes have a square shape.
Accordingly, as described above, the first to third quantization matrices are generated.

In step S1502, the quantization matrix encoding unit 1309 encodes each of the square
quantization matrices generated by the quantization matrix holding unit 1308.

In step S1551, the quantization matrix reduction unit 1351 reduces the third quan-
tization matrix in the above-described manner. Thus, the quantization matrix reduction
unit 1351 generates the fourth quantization matrix corresponding to 16 * 4 orthogonal
transform and the fifth quantization matrix corresponding to 4 * 16 orthogonal
transform.

In step S1503, the code integrating unit 1306 encodes the header portion of the bit
stream and outputs the encoded header portion. At that time, the code integrating unit
1306 outputs the quantization matrix code data encoded in step S1502 together with
the header portion.

According to the present exemplary embodiment, step S1551 is performed between
steps S1502 and S1503. However, the order of performance of step S1551 is not
limited thereto. Step S1551 can be performed after step S1501 is performed and before
step S504 is performed.

Through such a configuration and operations, in order to generate a bit stream, quan-
tization can be performed using the quantization matrix best suited for the orthogonal
transform indicated by each of the sub-block sizes, and only square quantization

matrices can be encoded. In this way, the amount of code generated by encoding the
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quantization matrices can be reduced.

While the present exemplary embodiment has been described with reference to a
process in which a quantization matrix that corresponds to rectangular orthogonal
transform and that is generated by the quantization matrix reduction unit 1351 is stored
in the quantization matrix holding unit 1308, the process is not limited thereto. For
example, the quantization matrix holding unit 1308 may hold only square quantization
matrices. Each time a rectangular quantization matrix is used, a square quantization
matrix may be reduced to generate the rectangular quantization matrix. In this way, the
quantization matrix holding unit 1308 can reduce an amount of memory required for
holding the quantization matrices.

In addition, according to the present exemplary embodiment, in order to reduce (thin
out) 16 pixels to 4 pixels, 4n-th elements (where n is an integer) are extracted, and the
other elements are removed. In this way, the reduction process is performed. However,
the reduction process is not limited thereto. For example, (4n + 1)th elements, (4n +
2)th elements, or (4n + 3)th elements may be extracted, and the other elements may be
removed. Thus, the reduction process may be performed. Alternatively, by averaging
the following four elements: 4n-th, (4n + 1)th, (4n + 2)th, and (4n + 3)th elements, the
reduction process may be performed.

Furthermore, while the present exemplary embodiment has been described with
reference to a 1/4 time reduction process in which 16 * 16 pixels are reduced to 16 * 4
pixels or 4 * 16 pixels, the scaling factor is not limited thereto. Even when a 1/8 time
reduction process in which 16 * 16 pixels are reduced to 16 * 2 pixels or 2 * 16 pixels
is employed or a 1/2 time reduction process in which 16 * 16 pixels are reduced to 16 *
8 pixels or 8 * 16 pixels is employed, the advantage of the present invention can be
still provided. Still alternatively, even when 16 * 16 pixels are reduced to 16 * 4 pixels
and, subsequently, the generated 16 * 4 pixels are converted into 16 * 2 pixels, the
advantage of the present invention can be still provided.

Still furthermore, while the present exemplary embodiment has been described with
reference to the reduction process in which a 16 * 16 pixel quantization matrix is
reduced, the reduction process is not limited thereto. For example, a quantization
matrix having an 8 * § pixel size, a 32 * 32 pixel size, or a larger pixel size may be
reduced to generate a rectangular quantization matrix.

Sixth Exemplary Embodiment

Fig. 14 is a block diagram of an image decoding apparatus according to a sixth
exemplary embodiment of the present invention. According to the present exemplary
embodiment, the bit stream generated in the fifth exemplary embodiment illustrated in
Fig. 13 is described. The same numbering is used for components which were

previously illustrated in Fig. 3 (the second exemplary embodiment), and description of
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the components is not repeated.

As illustrated in Fig. 14, a decoding/separating unit 14001 decodes the header in-
formation of an input bit stream and separates necessary code from the bit stream.
Thereafter, the decoding/separating unit 14001 outputs the separated code to units
downstream of the decoding/separating unit 14001. The decoding/separating unit
14001 performs a process that is the reverse of the process performed by the code in-
tegrating unit 1306 illustrated in Fig. 13.

A quantization matrix decoding unit 14008 extracts the quantization matrix code data
from the header information of the bit stream and decodes the quantization matrix code
data. In the bit stream generated in the sixth exemplary embodiment, quantization
matrices corresponding to 4 * 4 pixel, 8 * 8 pixel, and 16 * 16 pixel square orthogonal
transform are encoded. Therefore, according to the present exemplary embodiment,
these three types of quantization matrices are reconstructed.

A quantization matrix reduction unit 14051 reduces one side of a square quantization
matrix and generates a rectangular quantization matrix. The quantization matrix
reduction unit 14051 performs a process that is the same as the process performed by
the quantization matrix reduction unit 1351 of the sixth exemplary embodiment 1il-
lustrated in Fig. 13. According to the present exemplary embodiment, the quantization
matrix reduction unit 14051 receives a 16 * 16 pixel square quantization matrix
generated by the quantization matrix decoding unit 14008 and performs a reduction
process to generate a 4 * 16 pixel quantization matrix and a 16 * 4 pixel quantization
matrix. The reduction process is the same as the reduction process performed by the
quantization matrix reduction unit 1351 illustrated in Fig. 13.

A quantization matrix holding unit 14009 temporarily holds the square quantization
matrices reconstructed by the quantization matrix decoding unit 14008 and the
rectangular quantization matrices generated by the quantization matrix reduction unit
14051.

An exemplary image decoding operation performed by the image decoding apparatus
is described below. According to the present exemplary embodiment, the moving
image bit stream generated in the fifth exemplary embodiment is input on a frame
basis. However, a still image bit stream for one frame may be input. Alternatively, bit
streams separated on a slice basis or on a packet basis may be sequentially input.

As illustrated in Fig. 14, the input stream data for one frame is input to the decoding/
separating unit 14001. The decoding/separating unit 14001 decodes the header in-
formation required for reconstructing the image. In addition, the decoding/separating
unit 14001 separates code to be used in the subsequent process and outputs the code.

The quantization matrix code data included in the header information is input to the

quantization matrix decoding unit 14008. The quantization matrix decoding unit 14008
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reconstructs the quantization matrix that corresponds to the sub-block size and that is
to be used in the subsequent inverse quantization process. According to the present
exemplary embodiment, three types of square quantization matrix, that is, the first
quantization matrix corresponding to a 4 * 4 pixel sub-block, the second quantization
matrix corresponding to an 8 * 8 pixel sub-block, the third quantization matrix corre-
sponding to a 16 * 16 pixel sub-block, are reconstructed. According to the present
exemplary embodiment, five sub-block sizes, that is, the 4 * 4 pixel size, the 8 * 8
pixel size, the 16 * 16 pixel size, the 16 * 4 pixel size, and the 4 * 16 pixel size are
employed. Among these sub-block sizes, the number of square sub-block sizes is three.
Accordingly, the three types of quantization matrix are reconstructed. However, if the
number of the orthogonal transform shapes increases or decreases, the number of types
of quantization matrix to be reconstructed increases or decreases.

The reconstructed square quantization matrix is input to the quantization matrix
reduction unit 14051. The quantization matrix reduction unit 14051 generates a quan-
tization matrix corresponding to rectangular orthogonal transform from the input
square quantization matrix. According to the present exemplary embodiment, two type
of orthogonal transform size, that is, 16 * 4 pixels and 4 * 16 pixels, are employed.
Thus, a 16 * 4 pixel quantization matrix and a 4 * 16 pixel quantization matrix are
generated by reducing the 16 * 16 pixel quantization matrix. The generated rectangular
quantization matrices are input to the quantization matrix holding unit 14009 together
with the square quantization matrix reconstructed by the quantization matrix decoding
unit 14008 and are temporarily stored in the quantization matrix holding unit 14009.

In addition, among codes separated by the decoding/separating unit 14001, the codes
related to prediction and transform are input to the prediction/transform method ex-
tracting unit 306 and are decoded. Thus, the information indicating a prediction
method and the sub-block size is generated. In addition, among codes separated by the
decoding/separating unit 14001, the quantized coefficient code data is input to the co-
efficient decoding unit 302.

Fig. 16 is a flowchart of an exemplary image decoding process performed by the
image decoding apparatus according to the sixth exemplary embodiment. The same
numbering is used for elements which were previously illustrated in Fig. 6 (the second
exemplary embodiment), and description of the elements is not repeated.

In step S1601, the decoding/separating unit 14001 decodes the header information
first.

In step S1602, the quantization matrix decoding unit 14008 decodes the quantization
matrix code data included in the header information and generates the quantization
matrix to be used in the subsequent inverse quantization process. According to the

present exemplary embodiment, quantization matrices corresponding to square sub-
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block sizes, that is, the first quantization matrix corresponding to 4 * 4 pixels, the
second quantization matrix corresponding to 8 * 8 pixels, and the third quantization
matrix corresponding to 16 * 16 pixels, are decoded and reconstructed. Note that at
that time, any decoding order can be employed.

In step S1651, the quantization matrix reduction unit 14051 reduces the third quan-
tization matrix in the above-described manner and generates the fourth quantization
matrix corresponding to 16 * 4 pixel orthogonal transform and the fifth quantization
matrix corresponding to 4 * 16 pixel orthogonal transform. The process performed in
step S1651 is the same as the process performed in step S1551 illustrated in Fig. 15.

Through such a configuration and operations, the bit stream generated through the
quantization process performed using a quantization matrix best suited for the or-
thogonal transform shape (the shape indicated by the sub-block size) and an encoding
process in which only square quantization matrices are encoded in the fifth exemplary
embodiment can be decoded, and a reconstructed image can be obtained. In this way, a
bit stream having a reduced amount of code generated when the quantization matrices
are encoded can be decoded.

While the present exemplary embodiment has been described with reference to a
process in which a quantization matrix that corresponds to rectangular orthogonal
transform and that is generated by the quantization matrix reduction unit 14051 is
stored in the quantization matrix holding unit 14009, the process is not limited thereto.
For example, the quantization matrix holding unit 14009 may store only square quan-
tization matrices. Each time a rectangular quantization matrix is used, a square quan-
tization matrix may be reduced to generate the rectangular quantization matrix. In this
way, the quantization matrix holding unit 14009 can reduce an amount of memory
required for holding the quantization matrices.

In addition, according to the present exemplary embodiment, in order to reduce (thin
out) 16 pixels to 4 pixels, 4n-th elements (where n is an integer) are extracted, and the
other elements are removed. In this way, the reduction process is performed. However,
the reduction process is not limited thereto. For example, (4n + 1)th elements, (4n +
2)th elements, or (4n + 3)th elements may be extracted, and the other elements may be
removed. Thus, the reduction process may be performed. Alternatively, by averaging
the following four elements: 4n-th, (4n + 1)th, (4n + 2)th, and (4n + 3)th elements, the
reduction process may be performed.

Furthermore, while the present exemplary embodiment has been described with
reference to a 1/4 time reduction process in which 16 * 16 pixels are reduced to 16 * 4
pixels or 4 * 16 pixels, the scaling factor is not limited thereto. Even when a 1/8 time
reduction process in which 16 * 16 pixels are reduced to 16 * 2 pixels or 2 * 16 pixels

is employed or a 1/2 time reduction process in which 16 * 16 pixels are reduced to 16 *
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8 pixels or 8 * 16 pixels is employed, the advantage of the present invention can be
still provided.

Still alternatively, while the present exemplary embodiment has been described with
reference to reduction of a 16 * 16 pixel quantization matrix, a 32 * 32 pixel quan-
tization matrix and an 8 * § pixel quantization matrix may be reduced to generate a
rectangular quantization matrix.

Seventh Exemplary Embodiment

While the above exemplary embodiments have been described with reference to the
processing units (illustrated in Figs. 1, 3, 8,9, 13, and 14) formed as hardware, the
processes performed by these processing units may be realized by computer programs.

Fig. 12 is a block diagram of exemplary computer hardware applicable to the image
encoding apparatus and the image decoding apparatus according to the above-
described exemplary embodiments.

A central processing unit (CPU) 1401 performs overall control of the computer using
computer programs and data stored in a random access memory (RAM) 1402 and a
read only memory (ROM) 1403. In addition, the CPU 1401 performs the above-
described processing performed by the image encoding apparatus and the image
decoding apparatus according to the above-described exemplary embodiments. That is,
the CPU 1401 functions as the processing units illustrated in Figs. 1, 3, 8,9, 13, and
14.

The RAM 1402 has a memory area that temporarily holds a computer program and
data loaded from an external storage unit 1406 and data externally acquired via an
interface (I/F) 1409. In addition, the RAM 1402 has a work area used when the CPU
1401 performs a variety of processes. That is, the RAM 1402 is used as, for example, a
frame memory or a variety of memory areas.

The ROM 1403 stores the setting data and a boot program of the computer. An
operation unit 1404 includes, for example, a keyboard and a mouse. By manipulating
the operation unit 1404, a user of the computer can input a variety of instructions to the
CPU 1401. A display unit 1405 displays the result of processing performed by the
CPU 1401. The display unit 1405 is formed from, for example, a display device, such
as a liquid crystal display.

The external storage unit 1406 is a high-capacity information storage unit, such as a
hard disk drive. The external storage unit 1406 stores an operating system (OS) and the
computer programs used by the CPU 1401 that realizes the functions of the units il-
lustrated in Figs. 1, 3, 8, 9, 13, and 14. Furthermore, the external storage unit 1406 may
store image data items to be processed.

The computer program and data stored in the external storage unit 1406 are loaded
into the RAM 1402 as needed under the control of the CPU 1401 and are processed by
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the CPU 1401. The I/F 1407 can have a local area network (LAN), a network such as
the Internet, a projector, and a display unit connected thereto. The computer can
receive and transmit a variety of information items via the I/F 1407. A bus 1408
connects the above-described units with one another.

The CPU 1401 mainly controls the operations illustrated in the above-described
flowcharts.

Other Exemplary Embodiments

The functions of the above-described exemplary embodiments can be also realized
by mounting a storage medium having a computer program that realizes the functions
in a system that reads the code of the computer program and executes the functions. In
such a case, the code of the computer program read out of the storage medium realizes
the functions of the above-described exemplary embodiments, and the storage medium
storing the code of the computer program provides the present invention. In addition,
the case in which, for example, the operating system (OS) that runs in a computer in
accordance with the instructions of the program code executes some of or all of the
above-described functions to realize the functions is encompassed within the invention.

Furthermore, the present invention may be realized through the following em-
bodiment. That is, the computer program code read out of the storage medium is
written to a memory of an add-on expansion board mounted in a computer or a
memory of an add-on expansion unit connected to a computer. After the program code
is written, a CPU in the add-on expansion board or in the add-on expansion unit
executes some of or all of the functions of the above-described embodiments under the
control of the computer program code.

When the present invention is applied to the above-described storage medium, the
storage medium stores program code of the computer programs corresponding to the
above-described flowcharts.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2011-155012,
filed July 13, 2011 and No. 2011-243937, filed November 7, 2011, which are hereby

incorporated by reference herein in their entirety.
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Claims

An image encoding apparatus comprising:

a block dividing unit configured to divide an input image into a
plurality of blocks;

a prediction unit configured to perform prediction on each of the blocks
divided by the block dividing unit using already encoded blocks and
generate a prediction error;

a transform unit configured to determine a shape of a processing block
to be used from a plurality of square or rectangular shapes of
processing blocks for orthogonal transform, apply orthogonal transform
of the determined shape to the prediction error generated by the
prediction unit, and generate a transformed coefficient;

a quantization matrix selection unit configured to select a quantization
matrix on the basis of the shape of a processing block for orthogonal
transform determined by the transform unit;

a quantization unit configured to quantize the transformed coefficient
using the quantization matrix selected by the quantization matrix
selection unit and generate a quantized coefficient; and

a coefficient encoding unit configured to encode the quantized co-
efficient generated by the quantization unit.

The image encoding apparatus according to Claim 1, further
comprising:

a quantization matrix generation unit configured to generate quan-
tization matrices corresponding to the square or rectangular shapes of
the processing blocks for orthogonal transform used when the
transformed coefficient is quantized;

a quantization matrix encoding unit configured to encode the quan-
tization matrices generated by the quantization matrix generation unit;
and

a code integrating unit configured to integrate the quantization matrix
encoded by the quantization matrix encoding unit with the quantized
coefficient encoded by the coefficient encoding unit.

An image decoding apparatus comprising:

a decoding unit configured to separate necessary code from an input bit
stream;

a determination unit configured to determine a shape of a processing

block for inverse orthogonal transform from information decoded by
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the decoding unit;

a coefficient decoding unit configured to decode a quantized coefficient
from information decoded by the decoding unit;

a quantization matrix decoding unit configured to decode a quantization
matrix used for inverse quantizing the quantized coefficient decoded by
the coefficient decoding unit;

a quantization matrix selection unit configured to select a quantization
matrix on the basis of the shape of a processing block for inverse or-
thogonal transform determined by the determination unit;

an inverse quantization unit configured to inverse quantize the
quantized coefficient decoded by the coefficient decoding unit using
the quantization matrix selected by the quantization matrix selection
unit and generate a transformed coefficient; and

an inverse orthogonal transform unit configured to apply inverse or-
thogonal transform to the transformed coefficient generated by the
inverse quantization unit on the basis of the shape of a processing block
for inverse orthogonal transform determined by the determination unit
and generate a prediction error.

An image encoding method for use in an image encoding apparatus,
comprising:

dividing an input image into a plurality of blocks;

performing prediction on each of the divided blocks using already
encoded blocks and generating a prediction error;

determining a shape of a processing block to be used from a plurality of
square or rectangular shapes of processing blocks for orthogonal
transform, applying orthogonal transform of the determined shape to
the generated prediction error, and generating a transformed co-
efficient;

selecting a quantization matrix on the basis of the determined shape of
a processing block for orthogonal transform;

quantizing the transformed coefficient using the selected quantization
matrix and generating a quantized coefficient; and

encoding the generated quantized coefficient.

An image decoding method for use in an image decoding apparatus,
comprising:

separating necessary code from an input bit stream;

determining a shape of a processing block for inverse orthogonal

transform from decoded information;
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decoding a quantized coefficient from decoded information;

decoding a quantization matrix used for inverse quantizing the decoded
quantized coefficient;

selecting a quantization matrix on the basis of the determined shape of
a processing block for inverse orthogonal transform;

inverse quantizing the decoded quantized coefficient using the selected
quantization matrix and generating a transformed coefficient; and
applying inverse orthogonal transform to the generated transformed co-
efficient on the basis of the determined shape of a processing block for
inverse orthogonal transform and generating a prediction error.

A computer-readable program comprising:

program code for causing a computer to function as the image encoding
apparatus according to Claim 1.

A computer-readable program comprising:

program code for causing a computer to function as the image decoding

apparatus according to Claim 3.
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[Fig. 6]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]
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