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(57) Abstract: A luminance signal of an image and a chrominance signal of a bit depth different from that of the luminance signal is
input, a luminance quantization parameter used to quantize the input luminance signal in block units is generated, a chrominance
quantization parameter used to quantize the input chrominance signal in block units within a range depending on the luminance
quantization parameter is generated, the input luminance signal is quantized by the luminance quantization parameter, the chromin -
ance signal is quantized by the chrominance quantization parameter, and the range is changed depending on the difference between
the bit depth of the luminance signal and the chrominance signal during the generation of the chrominance quantization parameter.
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Title of Invention: IMAGE ENCODING DEVICE, IMAGE
ENCODING METHOD AND PROGRAM, IMAGE DECODING
DEVICE, AND IMAGE DECODING METHOD AND PROGRAM
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Technical Field

The present invention relates to an image encoding device, an image decoding
method and program, an image decoding device, and an image encoding method and

program, and particularly relates to encoding and decoding quantization parameters.

Background Art

In general, H.264/MPEG-4 AVC (hereafter, referred to as H.264) is used as a method
to encode video images to be stored in compressed format. According to H.264 (NPL
1: ITU-T H.264 (06/2011) Advanced video coding for generic audiovisual services),
multiple profiles defining encoding processing restrictions are defined. Among these,
the High 10 profile supports images with bit depths between 8 to 10 bits for both
luminance and chrominance.

The High 10 profile in H.264 not only supports images with bit depths between 8 to
10 bits for both luminance and chrominance, but also supports images with difference
between the bit depths for the luminance and chrominance.

According to H.264, the applicable range regarding quantization parameters corre-
sponding to the image bit depths are decided. For example, when the image luminance
signal has a bit depth of 8 bits, the values for the quantization parameter is between 0
to 51, and when the bit depth is 10 bits, the values for the quantization parameter are
between -12 and 51. Thus, the configuration lowers the minimum value of the quan-
tization parameter when the bit depth is increased. The difference between the quan-
tization parameter corresponding to the luminance signal (hereafter, referred to as
luminance quantization parameter) and the quantization parameter corresponding to
the chrominance signal (hereafter, referred to as chrominance quantization parameter)
is defined by chroma_qp_index_offset code. When the luminance quantization
parameter is 20, and the chroma_qp_index_offset code is five, for example, the
chrominance quantization parameter is 25. However, the range of values possible for
the chroma_qp_index_offset code is between -12 to +12. For this reason, the difference
between the luminance quantization parameter and the chrominance quantization
parameter may not be particularly significant with this specification.

When the luminance signal is 10 bits and the chrominance signal is 8 bits, the
minimum value of the luminance quantization parameter is -12 and the minimum value

of the chrominance quantization parameter is zero. For this reason, when the
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[0006]

[0007]

[0008]

luminance quantization parameter is -12, the value for the chrominance quantization
parameter is restricted to zero as the maximum value of the chroma_qp_index_offset
code is 12. That is to say, when the bit depths of the luminance signal and the
chrominance signal are different, the range of the usable chrominance quantization
parameter value becomes drastically reduced depending on the value of the luminance

quantization parameter.
It has been found desirable to increase the usable value of the chrominance quan-

tization parameter when the bit depths between the luminance signal and the
chrominance signal are different, to enable image encoding and decoding with higher

levels of image quality control of chrominance signals.
Summary of Invention

Technical Problem

In order to resolve the previously described problem, the image encoding device
according to the present invention has the following configuration. Included are an
input unit configured to input a luminance signal of an image and a chrominance signal
of a bit depth different from that of the luminance signal, a luminance quantization
parameter generating unit configured to generate a luminance quantization parameter
used to quantize the input luminance signal in block units, a chrominance quantization
parameter generating unit configured to generate a chrominance quantization
parameter used to quantize the input chrominance signal in block units within a range
depending on the luminance quantization parameter, and a quantizing unit configured
to quantize the input luminance signal by the luminance quantization parameter, and to
quantize the chrominance signal by the chrominance quantization parameter, wherein
the chrominance quantization parameter generating unit changes the range depending
on the difference between the bit depth of the luminance signal and the chrominance
signal.

An image decoding device according to the present invention has the following con-
figuration. That is to say, a demultiplexing unit configured to input a bit stream in
which a luminance signal of an image and a chrominance signal of a bit depth different
from that of the luminance signal are encoded, to decode a header including the bit
depth of the luminance signal and the bit depth of the chrominance signal, and to de-
multiplex the necessary codes, a coefficient decoding unit configured to decode quan-
tization coefficients, a quantization parameter decoding unit configured to decode
quantization parameter difference information necessary to reconstruct a luminance
quantization parameter used to perform inverse quantization of luminance components
of the quantization coefficients and to reconstruct a chrominance quantization

parameter used to perform inverse quantization of chrominance components of the
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[0009]

[0010]

[0011]

quantization coefficients, a chrominance quantization parameter reconstructing unit
configured to reconstruct the chrominance quantization parameter on the basis of the
luminance quantization parameter and the quantization parameter difference in-
formation within a range determined depending on the luminance quantization
parameter and the bit depth of the chrominance signal, and an inverse quantization unit
configured to perform inverse quantization of the quantization coefficients using the
luminance quantization parameter and the chrominance quantization parameter,
wherein the chrominance quantization parameter reconstructing unit changes the range
depending on the difference between the bit depth of the luminance signal and the

chrominance signal.
Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments with reference to the attached drawings.

Advantageous Effects of Invention

According to the present invention, the applicable values of the chrominance quan-
tization parameter are increased when the bit depth between the luminance signal and
the chrominance signal are different, which enables image encoding and decoding
having a high image quality control of the chrominance signal.
Brief Description of Drawings
[fig.1]Fig. 1 is a block diagram illustrating a configuration of an image encoding
device according to a first Embodiment and a third Embodiment.
[fig.2]Fig. 2 is a block diagram illustrating a configuration of the image decoding
device according to a second Embodiment.
[fig.3]Fig. 3 is a flowchart illustrating a process to encode images regarding the image
encoding device according to the first Embodiment and the third Embodiment.
[fig.4]Fig. 4 is a flowchart illustrating a process to decode images regarding the image
decoding device according to the second Embodiment and a fourth Embodiment.
[fig.5]Fig. 5 is a table used to correct the chrominance quantization parameter used in
H.264.
[fig.6]Fig. 6 is a diagram illustrating one example configuration of a bit stream
generated according to either the first Embodiment or the third Embodiment and
decoded according to either the second Embodiment or the fourth Embodiment.
[fig.7]Fig. 7 is a block diagram illustrating a configuration of the image decoding
device according to the fourth Embodiment.
[fig.8]Fig. 8 is a block diagram illustrating an example hardware configuration of a
computer capable of applying the image encoding device and decoding device

according to the present invention.

Description of Embodiments
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Hereafter, the preferable embodiments of the present invention will be described in
detail with reference to the attached drawings. The configurations represented by the
following embodiments are merely examples, nor is the present invention is not limited
to the configurations illustrated in the drawings.

First Embodiment

Hereafter, the embodiments of the present invention will be described with reference
to the drawings. Fig. 1 is a block diagram illustrating an image encoding device
according to an embodiment. A terminal 101 and 102 in Fig. 1 input image data.
According to the present embodiment, luminance signal are input from the terminal
101, and chrominance signals are input from the terminal 102.

An input unit 103 divides the input image data into square-shaped block units. A
prediction unit 104 performs intra prediction, which is the intra-frame prediction at
each block unit, and inter prediction, which is the inter-frame prediction. A transform
unit 105 performs orthogonal transformation on the prediction error generated by the
prediction unit 104 at each block unit, and calculates the transform coefficient. A quan-
tization unit 106 quantizes the transform coefficient calculated by the transform unit
105 using respective quantization parameters for luminance and chrominance, and
generates a quantization coefficient. A coefficient encoding unit 107 encodes the quan-
tization coefficient generated by the quantization unit 106, and generates quantization
coefficient code.

A luminance quantization parameter generating unit 108 generates a luminance quan-
tization parameter, which is used to quantize the luminance portion of the transform
coefficient by the quantization unit 106, on the basis of the bit depth of the input
luminance signal. A chrominance quantization parameter generating unit 109 generates
a chrominance quantization parameter, which is used to quantize the transform co-
efficient of the chrominance portion by the quantization unit 106, on the basis of the bit
depth of the input luminance signal, the luminance quantization parameter, and bit
depth of the chrominance signal. A quantization parameter encoding unit 110 encodes
the information related to the quantization parameters, and generates quantization
parameter information code.

An integration encoding unit 111 encodes information necessary for decoding the bit
stream generated upstream into a header, and so forms and outputs the bit stream from
the quantization coefficient code and the quantization parameter information code. A
terminal 112 externally outputs the bit stream generated by the integration encoding
unit 111.

The operation to encode the image in the previously described image encoding
device will be described below. According to the present embodiment, the con-

figuration inputs the moving image data in units of frames, but the configuration may
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[0019]

[0020]

[0021]

[0022]

also input still image data in units of frames.

One frame of the luminance signal input from the terminal 101 and one frame of the
chrominance signal input from the terminal 102 are input into the input unit 103.
According to the present embodiment, the input luminance signal has a bit depth of 10
bits and the input chrominance signal has a bit depth of 8 bits, but the bit depths of the
luminance signal and the chrominance signal are not limited thusly. The bit depth of
the input luminance signal is output as the luminance bit depth information to the
downstream luminance quantization parameter generating unit 108, the chrominance
quantization parameter generating unit 109, and the integration encoding unit 111. The
bit depth of the input chrominance signal is output as the chrominance bit depth in-
formation to the chrominance quantization parameter generating unit 109 and the in-
tegration encoding unit 111 downstream. The image data is divided into square-shaped
blocks at the input unit 103 for both luminance and chrominance, and the divided
blocks of the input image are output to the downstream prediction unit 104.

The luminance quantization parameter used to quantize the luminance component is
decided at the luminance quantization parameter generating unit 108 on the basis of the
luminance bit depth information output from the input unit 103. The method to decide
the luminance quantization parameter is not limited thusly, it could adaptively be de-
termined depending on the input image, or it could be determined by user or other
external input. The luminance quantization parameter may also be decided by
performing a control based on the amount of data regarding the bit stream output from
the terminal 112. According to the present embodiment, however, the applicable range
of the luminance quantization parameter is restricted on the basis of the luminance bit
depth information, in which the applicable range as the luminance quantization
parameter QPy is determined from a luminance signal bit depth BDy regarding the

following Expression (1).

[Math.1]
6x(8—BDy)<QOPy<51 - (1)
According to the present embodiment, the luminance signal has a bit depth of 10 bits,

and so the minimum value of according to the previously described Expression (1) is -
12, and so the range of values for the luminance quantization parameter is from -12 to
51. If the generated luminance quantization parameter is outside of this range, either a
clip processing or a remainder processing is performed to correct the value to be within
this range. The decided luminance quantization parameter is output to the quantization
unit 106, the chrominance quantization parameter generating unit 109, and the quan-
tization parameter encoding unit 110.

The chrominance quantization parameter used to quantize the chrominance
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component is decided at the by the chrominance quantization parameter generating
unit 109 from the luminance bit depth information input from the input unit 103, the
chrominance bit depth information, and the luminance quantization parameter input
from the luminance quantization parameter generating unit 108. The method to decided
the chrominance quantization parameter is not limited thusly, it could adaptively be de-
termined depending on the input image, or it could be determined by user or other
external input. According to the present embodiment, however, the applicable range of
the chrominance quantization parameter itself is restricted on the basis of the
chrominance bit depth information, in which the applicable range as the chrominance
quantization parameter QPc itself is determined from a chrominance signal bit depth
BDc regarding the following Expression (2).

[Math.2]

6x(8—BDc)<QPc<51 - (2)

According to the present embodiment, the applicable range of a quantization
parameter difference information QPdiff, which represents the difference between the
luminance quantization parameter and the chrominance quantization parameter, is de-
termined by the following Expressions (3) and (4) on the basis of the luminance bit
depth information BDy and the chrominance bit depth information BDc.

When BDc is less than BDy,

[Math.3]

—12<OPdiff <12+6x(BDy—BD¢) - (3)

For all other cases,
[Math.4]

—12—6x(BDc—BDy)Y< QPdiff <12 - (4)

The applicable range of values of the chroma_qp_offset code corresponding to the
previously described QPdiff in H.264 has been restricted to a range of minus 12 to plus
12. In comparison with the present embodiment, the applicable range of values of the
quantization parameter difference information QPdiff is variable depending on the
difference between the bit depth BDy of the luminance signal and the bit depth BDc of
the chrominance signal. The applicable range values of is expanded in the case of the
present embodiment. The chrominance quantization parameter QPc is expressed by the
following Expression (5) using the luminance quantization parameter QPy and the
quantization parameter difference information QPdiff.

QPc = QPy + QPdiff ... (5)

Thus, substituting either the previously described Expression (3) or (4) with Ex-

pression (5), the applicable range of the chrominance parameter QPc is expressed as
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t

determined by either the following Expressions (2)' or (4)".
When BDc is less than BDy,
[Math.5]

6x(8—BDc)<QPc<51 - (2)
[Math.6]
OPy —12<QPc < QPy +12+6x(BDy—BDc) - (3)

For all other cases,
[Math.7]

6x(8—BDc)<QPc<51 - (2)
[Math.8]
OPy—12-6x(BDc—BDy) <QPc <QPy+12 -+ (4

As aresult, when the luminance quantization parameter has a minimum value of -12
in the case of the present embodiment, the chrominance quantization parameter may
have a value within a range of O to 12 instead of being limited only to zero. If the
generated chrominance quantization parameter is outside of this range, then either a
clip processing or remainder processing is performed to correct the value to be within
this range. The decided chrominance quantization parameter is output to the quan-
tization unit 106, the difference between the luminance quantization parameter and the
chrominance quantization parameter is calculated, and the resulting quantization
parameter difference information is output to the quantization parameter encoding unit
110.

The luminance quantization parameter input from the luminance quantization
parameter generating unit 108 and the quantization parameter difference information
input from the chrominance quantization parameter generating unit 109 are encoded at
the quantization parameter encoding unit 110. The encoding method is not particularly
limited, and some examples that may be used include Golomb coding, arithmetic
coding, and Huffman coding. The encoded result is output to the integration encoding
unit 111 as the quantization parameter information code.

Conversely, the image data in separate block units for luminance and chrominance is
input into the prediction unit 104, where block-unit prediction is performed. The
prediction error is generated as the difference between the predicted image and the
input image in block units and input to the transform unit 105.

Orthogonal transformation is performed at the transform unit 105 on the prediction
error for both the luminance and chrominance input from the prediction unit 104 so as

to generate a transform coefficient. The generated transform coefficient for both
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luminance and chrominance are output to the quantization unit 106.

Quantization is performed at the quantization unit 106 by applying the transform co-
efficient input from the transform unit 105 and using the luminance quantization
parameter input from the luminance quantization parameter generating unit 108 and
the chrominance quantization parameter input from the chrominance quantization
parameter generating unit 109. The luminance quantization parameter is used in the
transform coefficient corresponding to the luminance signal and the chrominance
quantization parameter is used in the transform coefficient corresponding to the
chrominance signal. The quantization result is output to the coefficient encoding unit
107 as the quantization coefficient.

Entropy coding is performed at the coefficient encoding unit 107 on the quantization
coefficient for both the luminance and chrominance generated by the quantization unit
106 to generate the quantization coefficient code. The entropy encoding method is not
particularly specified, and some example that may be used include Golomb coding,
arithmetic coding, and Huffman coding. The generated quantization coefficient code is
output to the integration encoding unit 111.

Information generated first as a precursor to the encoding process, which is the
luminance bit depth information and the chrominance bit depth information input from
the input unit 103, is encoded at the integration encoding unit 111 to generate various
codes. These codes, the quantization coefficient code generated by the coefficient
encoding unit 107, the quantization parameter code information generated by the quan-
tization parameter encoding unit 110, and so forth are multiplexed to generate the bit
stream. The bit stream generated as the end result is output externally from the
terminal 112.

Fig. 6 illustrates an example of a bit stream which includes the encoded luminance
bit depth information and chrominance bit depth information, the quantization
parameter information code, and the quantization coefficient code. The luminance bit
depth information and the chrominance bit depth information is included in headers of
any type of frame such as sequence or picture frames. The method to encode the
luminance bit depth information and the chrominance bit depth information is not
limited. The actual bit depth values may be encoded, of the difference between the bit
depth and a specified fixed value (8 bits, for example) may be encoded as in H.264.
The quantization parameter information code is necessary to calculate the luminance
quantization parameter and the chrominance quantization parameter, and corresponds
to the pic_init_qp_minus26 code and the chroma_qp_index_offset code and so forth in
H.264. As previously described, the applicable range of the chroma_qp_index_offset
code in H.264 had been fixed between -12 to +12, but this range is expanded to a range

between -12 to +24 according to the present embodiment, depending on the difference
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between the luminance and the chrominance bit depth. The quantization coefficient
code is multiplexed in the picture data portion in block units.

Fig. 3 is a flowchart illustrating an encoding processing in the image encoding device
according to the first Embodiment.

First, the bit depths of the luminance signal and the chrominance signal input from
the input unit 103 are analyzed at step S301, and the luminance bit depth information
and the chrominance bit depth information are generated. This information is encoded
by the integration encoding unit 111.

At step S302, the luminance quantization parameter generating unit 108 decides the
luminance quantization parameter on the basis of the luminance bit depth information
generated at step S301. The method to decide the luminance quantization parameter is
not limited, and may be adaptively determined depending on the input image or by
user or other external input. According to the present embodiment and as described
using Expression (1), however, the applicable range of the luminance quantization
parameter based on the luminance bit depth information is restricted.

At step S303, the chrominance quantization parameter generating unit 109 decides
the chrominance quantization parameter on the basis of the luminance bit depth in-
formation generated at step S301, chrominance bit depth information, and the
luminance quantization parameter generated at step S302. According to the present
embodiment and as described using either Expression (2)' or (4), however, the ap-
plicable range of the chrominance quantization parameter is restricted to an expanded
range depending on the difference between the luminance bit depth information and
the chrominance bit depth information. The difference of the luminance quantization
parameter generated at step S302 and the chrominance quantization parameter
generated at this step is calculated as the quantization parameter difference in-
formation.

At step S304, the quantization parameter encoding unit 110 encodes the luminance
quantization parameter generated at step S302 and the quantization parameter
difference information generated at step S303 to generate the quantization parameter
information code.

At step S305, the integration encoding unit 111 first encodes the luminance bit depth
information and chrominance bit depth information generated at step S301 to generate
various codes. Then the integration encoding unit 111 generates and outputs a header
for the bit stream from these codes and the encoded quantization parameter in-
formation generated at step S304.

At step S306, the input unit 103 separates the input image data for both luminance
and chrominance into square-shaped blocks. At step S307, the prediction unit 104
performs block-unit prediction on the image data divided into blocks at step S306. The
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prediction error is generated as the difference between the input image in block units
and the predicted image. At step S308, the transform unit 105 performs orthogonal
transformation on the prediction error generated at step S307 to generate the transform
coefficient. At step S309, the quantization unit 106 applies the transform coefficient
generated at step S308 using the luminance quantization parameter decided at step
5302 and the chrominance quantization parameter decided at step S303 to perform the
quantization and generate the quantization coefficient. The luminance quantization
parameter is used in the transform coefficient corresponding to the luminance signal,
and the chrominance quantization parameter is used in the transform coefficient corre-
sponding to the chrominance signal at this step.

At step S310, the coefficient encoding unit 107 performs entropy coding on the quan-
tization coefficient generated at step S309 to generate the encoded quantization co-
efficient. The integration encoding unit 111 generates the bit stream that also includes
other encoded data. At step S311, the image encoding device determines whether or
not the encoding of all blocks in the frame is finished, in which the encoding process
ends if finished, and the process returns to step S306 for the next frame if not finished.

The previously described configuration and operation, particularly at step S303,
enables an encoding processing having high chrominance image quality control by
expanding the applicable range of the chrominance quantization parameter depending
on the difference between the luminance bit depth information and chrominance bit
depth information.

According to the present embodiment, only one shared chrominance quantization
parameter is defined for the chrominance components for U and V, but separate
chrominance quantization parameters may be defined for U and V. In this case, the
configuration may include multiple units of the chrominance quantization parameter
generating unit 109, or the chrominance quantization parameter generating unit 109
may generate multiple chrominance quantization parameters and quantization
parameter difference information.

According to the present embodiment, the quantization unit 106 is configured to
quantize the transform coefficients for both the luminance and the chrominance, but
the configuration may include a luminance quantization unit and a chrominance quan-
tization unit to quantize the luminance transform coefficient and the chrominance
transform coefficient, respectively.

According to the present embodiment, the configuration uses the chrominance quan-
tization parameter as it is calculated from the luminance quantization parameter, but a
value corrected according to a predetermined table or other may be used as the
chrominance quantization parameter. For example, the correction table illustrated in

Fig. 5 which is also used in H.264 may be used.
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According to the present embodiment, the same luminance quantization parameter
and chrominance quantization parameter is used for the blocks in the frame, but the
quantization parameter may be adjusted for every block in order to improve image
quality. The configuration may enable both the luminance quantization parameter and
the quantization parameter difference information to be adjusted for every block, or the
configuration may only enable the luminance quantization parameter to be adjusted for
every block, such that the quantization parameter difference information is only ad-
justable in units of frames.

While description has been made using fixed values in the Expressions, the Ex-
pressions are not limited to these values. The maximum and minimum values for the
luminance quantization parameter regarding Expression (1), the applicable range of
values of code being a range of minus 12 to plus 12, and so forth, may be set to other
values.

Second Embodiment

Fig. 2 is a block diagram illustrating a configuration of the image decoding device
according to a second Embodiment of the present invention. An example of the present
embodiment will be described as a decoding of the bit stream generated according to
the first Embodiment.

A terminal 201 inputs the encoded bit stream. A demultiplexing unit 202 demul-
tiplexes the information related to the decoding processing and code data related to co-
efficients from the bit stream, and decodes the code data present in the header of the bit
stream. The demultiplexing unit 202 performs the reverse operation as that of the in-
tegration encoding unit 111 in Fig. 1. A quantization parameter decoding unit 203
decodes information related to the quantization parameters. The quantization parameter
decoding unit 203 performs the reverse operation as that of the quantization parameter
encoding unit 110 in Fig. 1. A chrominance quantization parameter reconstructing unit
204 reconstructs the chrominance quantization parameter from information related to
the quantization parameters, the luminance bit depth information, and the chrominance
bit depth information.

A coefficient decoding unit 205 decodes the quantization coefficient code to re-
generate the quantization coefficient. An inverse quantization unit 206 perform inverse
quantization of the quantization coefficient using the luminance quantization parameter
and the chrominance quantization parameter, and regenerates the transform coefficient.
An inverse transform unit 207 conducts an inverse orthogonal transformation on the
transform coefficient, and regenerates the prediction error. A predictive reconstructing
unit 208 arbitrarily references a decoded pixel to generate the predicted image data,
and generates and outputs regenerated image data from this predicted image data and

the prediction error. Terminals 209 and 210 externally output the luminance signal and
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the chrominance signal regarding each image data.

Hereafter, the image decoding operation regarding the previously described image
decoding device will be described. According to the present embodiment, the bit
stream generated according to the first Embodiment will be decoded.

The bit stream input from the terminal 201 in Fig. 2 is input into the demultiplexing
unit 202.

The information related to the decoding processing and the code data related to coef-
ficients is demultiplexed from the bit stream at the demultiplexing unit 202, and code
data present in the header of the bit stream and encoded data necessary to decode the
quantization parameters and the bit depth information is decoded. Specifically, the
quantization parameter information code, the luminance bit depth information, the
chrominance bit depth information, and the quantization coefficient code are extracted.
According to the present embodiment, first the luminance bit depth information and
the chrominance bit depth information are extracted and decoded from the header of
the bit stream illustrated in Fig. 6, and then the quantization parameter information
code is extracted. The decoded luminance bit depth information is output to the quan-
tization parameter decoding unit 203, and the decoded chrominance bit depth in-
formation is output to the chrominance quantization parameter reconstructing unit 204.
Conversely, the extracted quantization parameter information code is output to the
quantization parameter decoding unit 203, and the remaining code data including the
quantization coefficient code is output to the coefficient decoding unit 205.

The quantization parameter code information input from the demultiplexing unit 202
is decoded at the quantization parameter decoding unit 203, and the luminance quan-
tization parameter and the quantization parameter difference information is re-
generated. According to the present embodiment, the applicable range of the
luminance quantization parameter during the regeneration of the luminance quan-
tization parameter is the range as expressed by Expression (1) using the luminance bit
depth information according to the first Embodiment. For this reason, when the re-
generated luminance quantization parameter is outside the range expressed by Ex-
pression (1), a clip processing or remainder processing is performed to correct the
value to be within this range. The correction processing here is not particularly limited
as long as it the same as the correction processing regarding the luminance quan-
tization parameter generating unit 108 according to the first Embodiment. The re-
generated quantization parameter difference information is output to the chrominance
quantization parameter reconstructing unit 204, and the luminance quantization
parameter is output to the chrominance quantization parameter reconstructing unit 204
and the inverse quantization unit 206.

The chrominance quantization parameter is regenerated at the chrominance quan-
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tization parameter reconstructing unit 204 from the luminance quantization parameter
and quantization parameter difference information input from the quantization
parameter decoding unit 203. According to the present embodiment, the applicable
range of the chrominance quantization parameter during the regeneration of the
chrominance quantization parameter is the range as expressed by Expression (2) using
the chrominance bit depth information according to the first Embodiment. For this
reason, when the regenerated chrominance quantization parameter is outside the range
expressed by Expression (2), a clip processing or remainder processing is performed to
correct the value to be within this range. The correction processing here is not par-
ticularly limited as long as it the same as the correction processing regarding the
chrominance quantization parameter generating unit 109 according to the first Em-
bodiment. The regenerated chrominance quantization parameter is output to the inverse
quantization unit 206.

Conversely, the quantization coefficient code input from the demultiplexing unit 202
is decoded at the coefficient decoding unit 205 to regenerate the quantization co-
efficient. The regenerated quantization coefficients for both the luminance and
chrominance are output to the inverse quantization unit 206.

Inverse quantization is performed on the quantization coefficients input from the co-
efficient decoding unit 205 at the inverse quantization unit 206. The luminance quan-
tization parameter input from the quantization parameter decoding unit 203 is used for
the quantization coefficient corresponding to the luminance signal. The chrominance
quantization parameter input from the chrominance quantization parameter recon-
structing unit 204 is used for the quantization coefficient corresponding to the
chrominance signal. The inverse quantization result is generated as the transform co-
efficient and output to the inverse transform unit 207.

Inverse orthogonal transformation is performed at the inverse transform unit 207 on
the transform coefficient for both luminance and chrominance input from the inverse
quantization unit 206, the prediction error is regenerated and output to the predictive
reconstructing unit 208.

Decoded pixels are arbitrarily reference to generate the predicted image at the
predictive reconstructing unit 208, and the image data is regenerated {rom this
predicted image and the prediction error for both the luminance and chrominance input
from the inverse transform unit 207. The luminance signal and the chrominance signal
for the regenerated image data is output externally from the terminal 209 and the
terminal 210, respectively.

Fig. 4 is a flowchart illustrating a process to decode the image regarding the image
decoding device according to the second Embodiment.

First, at step S401, the demultiplexing unit 202 demultiplexes the information related
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to decoding and the code data related to the coefficients from the bit stream, and
decodes the code data present in the header of the bit stream. Specifically, the
luminance bit depth information and the chrominance bit depth information are re-
generated, and the quantization parameter information code and the quantization co-
efficient code are demultiplexed.

At step S402, the quantization parameter decoding unit 203 decodes the quantization
parameter information code demultiplexed at step S401, and the luminance quan-
tization parameter and the quantization parameter difference information are re-
generated. According to the present embodiment, as the applicable range of the
luminance quantization parameter is determined during the regeneration of the
luminance quantization parameter depending on the luminance bit depth information
regenerated at step S401, the luminance quantization parameter is corrected as
necessary. According to the present embodiment, for example, the luminance bit depth
is 10 bits, and so the value of the luminance quantization parameter may be within a
range between -12 to 51. If the regenerated luminance quantization parameter here is -
13, then this value is corrected to be within this range, which results in -12 if clip
processing is performed, or 51 if remainder processing is performed.

At step S403, the chrominance quantization parameter reconstructing unit 204 re-
generates the chrominance quantization parameter from the luminance quantization
parameter regenerated at step S402 and the quantization parameter difference in-
formation. According to the present embodiment, as the applicable range of the
chrominance quantization parameter is determined during the regeneration of the
chrominance quantization parameter depending on the chrominance bit depth in-
formation regenerated at step S401, the chrominance quantization parameter is
corrected as necessary. According to the present embodiment, for example, the
chrominance bit depth is 8 bits, and so the value of the chrominance quantization
parameter may be within a range between O to 51. If the regenerated chrominance
quantization parameter here is -2, then this value is corrected to be within this range,
which results in O if clip processing is performed, or 50 if remainder processing is
performed.

At step S404, the coefficient decoding unit 205 decodes the quantization coefficient
code demultiplexed at step S401, and regenerates the quantization coefficients.

At step S405, the inverse quantization unit 206 performs inverse quantization of the
quantization coefficients regenerated at step S404 using the luminance quantization
parameter regenerated at step S402 and the chrominance quantization parameter re-
generated at step S403. The luminance quantization parameter is used for the quan-
tization coefficient corresponding to the luminance signal, and the chrominance quan-

tization parameter is used for the quantization coefficient corresponding to the
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chrominance signal. The inverse quantization result is generated as the transform co-
efficient.

At step S406, the inverse transform unit 207 performs inverse orthogonal trans-
formation on the transform coefficient generated at step S405, and regenerates the
prediction error.

At step S407, the predictive reconstructing unit 208 arbitrarily references decoded
pixels to generate the predicted image, and regenerates the image data from this
predicted image and the prediction error generated at step S406.

At step S408, the image decoding device determines whether or not the decoding of
all blocks in the picture is finished, in which the decoding process is terminated if
finished, or the process returns to step S404 for the next block if not finished.

The previously described configuration and operation enables a decoding of a bit
stream generated according to the first Embodiment which has high chrominance
image quality control by expanding the applicable range of the chrominance quan-
tization parameter depending on the difference between the luminance bit depth in-
formation and chrominance bit depth information.

According to the present embodiment, only one shared chrominance quantization
parameter is defined for the chrominance components for U and V, but separate
chrominance parameters may be defined for U and V. In this case, the configuration
may include multiple units of the chrominance quantization parameter reconstructing
unit 204, or the chrominance quantization parameter reconstructing unit 204 may input
multiple chrominance quantization parameters and generate quantization parameter
difference information.

According to the present embodiment, the inverse quantization unit 206 is configured
to quantize the transform coefficients for both the luminance and the chrominance, but
the configuration may include a luminance quantization unit and a chrominance quan-
tization unit to quantize the luminance transform coefficient and the chrominance
transform coefficient, respectively.

According to the present embodiment, the bit stream is decoded using the same
luminance quantization parameter and chrominance quantization parameter for the
blocks in the picture, but the quantization parameter may be adjusted for every block in
order to improve image quality. The configuration may decode the bit stream in which
both the luminance quantization parameter and the quantization parameter difference
information are encoded for every block. Conversely, the configuration may only
enable the luminance quantization parameter to be decoded in units of blocks, and the
quantization parameter difference information to be decoded only in units of pictures.

Third Embodiment

The image encoding device according to the present embodiment has the same con-
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figuration as that of the first Embodiment and illustrated in Fig. 1. The operation of the
chrominance quantization parameter generating unit 109, however, is different.
Therefore, except for that regarding the chrominance quantization parameter
generating unit 109, the encoding operation is the same as that of the first Em-
bodiment, and so such description is omitted.

The chrominance quantization parameter used to quantize the chrominance
components is decided at the chrominance quantization parameter generating unit 109
from the luminance bit depth information and chrominance bit depth information input
from the input unit 103, and the luminance quantization parameter input from the
luminance quantization parameter generating unit 108. The difference with the
chrominance quantization parameter generating unit 109 according to the first Em-
bodiment is the applicable range of the chrominance quantization parameter and the
method to calculate this parameter. According to the present embodiment, the ap-
plicable range of the chrominance quantization parameter itself is also restricted by the
chrominance bit depth information. The applicable range of the chrominance quan-
tization parameter QPc itself is first determined by the previously described Expression
(2) from the chrominance signal bit depth BDc.

The description thus far is the same as that regarding the first Embodiment, but one
difference with the first Embodiment is that the applicable range of the quantization
parameter difference information QPdiff, which represents the difference between the
luminance quantization parameter and the chrominance quantization parameter, is de-
termined by the following Expression (6).

[Math.9]

—12<OPdiff <12 - (6)

The applicable range of values of the chroma_qp_offset code in H.264 and corre-
sponding to the previously described QPdiff is normally restricted to a range of minus
12 to plus 12, and so the applicable range of values of the quantization parameter
difference information QPdiff is the same as that regarding H.264. According to the
present embodiment, however, the meaning of the quantization parameter difference
information QPdiff is slightly different from that of H.264 and the first Embodiment.
Specifically, according to the present embodiment, the chrominance quantization
parameter QPc is expressed using the following Expression (5)', which includes the
luminance bit depth information BDy and the chrominance bit depth information BDc
in addition to the luminance quantization parameter QPy and the quantization
parameter difference information QPdiff.

QPc = QPy + QPdiff + 6 x (BDy - BDc) ... (§)’

The applicable range of the chrominance quantization parameter QPc according to
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the present embodiment may be expressed as defined by either the previously
described Expression (2)' or by Expression (6)' in which Expression (5)' is substituted
into Expression (6).

[Math.10]

6x(8—BDc)<QPc <51 - (2)
[Math.11]
OPy—12—6x(BDy—BDc) < OPc < OPy+12+6 x(BDy— BDc) -+ (6

As aresult and similar to the first Embodiment, when the luminance quantization
parameter has a minimum value of -12 in the case of the present embodiment, the
chrominance quantization parameter may have a value within a range of 0 to 12 instead
of being limited only to zero. According to the first Embodiment, the applicable range
of the chrominance quantization parameter is expanded depending on the difference
between the bit depths for the luminance and chrominance, but according to the present
embodiment, a similar effect is attained by shifting the applicable range of the
chrominance quantization parameter depending on the difference between the bit
depths for luminance and chrominance.

The flowchart illustrating the process to encode images according to the present em-
bodiment is similar to that regarding the first Embodiment and illustrated in Fig. 3.
However, the operation of step S303 is different. Therefore, except for step S303, the
encoding operation is the same as that regarding the first Embodiment, and such de-
scription is omitted.

At step S303, the chrominance quantization parameter generating unit 109 decides
the chrominance quantization parameter on the basis of the luminance bit depth in-
formation and chrominance bit depth information generated at step S301, and the
luminance quantization parameter generated at step S302. According to the present
embodiment, however, the applicable range of the chrominance quantization parameter
is restricted to a shifted range depending on the difference between the bit depth in-
formation for luminance and chrominance as described using Expression (2)' and Ex-
pression (6)'. The quantization parameter difference information is also calculated as
the difference between the luminance quantization parameter generated at step S302
and the chrominance quantization parameter generated at this step.

The previously described configuration and operation, particularly at step S303,
enables an encoding processing having high chrominance image quality control similar
to that of the first Embodiment by shifting the applicable range of the chrominance
quantization parameter depending on the difference between the luminance bit depth

information and chrominance bit depth information. The applicable range of the



18

WO 2014/087641 PCT/JP2013/007089

[0098]

[0099]

[0100]

[0101]

[0102]

chrominance quantization parameter has no dependent relationship with the bit depth
and is determined by the distance between the luminance quantization parameter and
its minimum value, and so the difference between the chrominance quantization
parameter and its minimum value is narrower than the difference between the
luminance quantization parameter and its minimum value. As a result, this also has an
advantage of equalizing the size of distortions caused by quantizing the luminance and
chrominance when the luminance bit depth and the chrominance bit depth are
different.

According to the present embodiment, only one shared chrominance quantization
parameter is defined for the chrominance components for U and V, but separate
chrominance quantization parameters may be defined for U and V. In this case, the
configuration may include multiple units of the chrominance quantization parameter
generating unit 109, or the chrominance quantization parameter generating unit 109
may generate multiple chrominance quantization parameters and quantization
parameter difference information.

According to the present embodiment, the quantization unit 106 is configured to
quantize the transform coefficients for both the luminance and the chrominance, but
the configuration may include a luminance quantization unit and a chrominance quan-
tization unit to quantize the luminance transform coefficient and the chrominance
transform coefficient, respectively.

According to the present embodiment, the configuration uses the chrominance quan-
tization parameter as it is calculated from the luminance quantization parameter, but a
value corrected according to a predetermined table or other may be used as the
chrominance quantization parameter. For example, the correction table illustrated in
Fig. 5 which is also used in H.264 may be used.

According to the present embodiment, the same luminance quantization parameter
and chrominance quantization parameter is used for the blocks in the frame, but the
quantization parameter may be adjusted for every block in order to improve image
quality. The configuration may enable both the luminance quantization parameter and
the quantization parameter difference information to be adjusted in units of blocks, or
the configuration may only enable the luminance quantization parameter to be adjusted
in units of blocks, and the quantization parameter difference information to be ad-
justable only in units of frames.

Fourth Embodiment

Fig. 7 is a block diagram illustrating a configuration of the image decoding device
according to the present embodiment. The components in Fig. 7 that provide the same
functions as those in Fig. 2 regarding the second Embodiment have the same reference

numerals, and such description is omitted.
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Similar to the demultiplexing unit 202 in Fig. 2, a demultiplexing unit 702 demul-
tiplexes the information related to the decoding process and the code data related to the
coefficients from the bit stream, and decodes the code data present in the header of the
bit stream. The demultiplexing unit 702 is different from the demultiplexing unit 202
in Fig. 2 in that it outputs the decoded luminance bit depth information to not only the
quantization parameter decoding unit 203, but also a chrominance quantization
parameter reconstructing unit 724.

The chrominance quantization parameter reconstructing unit 724 reconstructs the
chrominance quantization parameter from the information related to the quantization
parameter, the luminance bit depth information, and the chrominance bit depth in-
formation. This is different to the chrominance quantization parameter reconstructing
unit 204 in Fig. 2 in that the luminance bit depth information is also input.

Hereafter, the operation to decode images in the previously described image
decoding device will be described. The information related to the decoding process and
the code data related to the coefficients are demultiplexed from the bit stream at the de-
multiplexing unit 702, and the code data present in the header of the bit stream, the
quantization parameter, and the code data necessary to decode the bit depth in-
formation are extracted. Specifically, the quantization parameter information code, the
luminance bit depth information, the chrominance bit depth information, and the quan-
tization coefficient code are extracted. According to the present embodiment, the
luminance bit depth information and the chrominance bit depth information are first
extracted and decoded from the header in the bit stream illustrated in Fig. 6, and then
the quantization parameter information code is extracted. The decoded luminance bit
depth information is output to the quantization parameter decoding unit 203 and the
chrominance quantization parameter reconstructing unit 724, and the chrominance bit
depth information is output to the chrominance quantization parameter reconstructing
unit 724. Conversely, the extracted quantization parameter information code is output
to the quantization parameter decoding unit 203, and the remaining code data including
the quantization coefficient code is output to the coefficient decoding unit 205.

The chrominance quantization parameter is regenerated at the chrominance quan-
tization parameter reconstructing unit 724 from the luminance quantization parameter
and quantization parameter difference information input from the quantization
parameter decoding unit 203, and the luminance bit depth information input from the
demultiplexing unit 702. According to the present embodiment, the chrominance quan-
tization parameter, similar to the third Embodiment, is regenerated as expressed by the
previously described Expression (5)' depending on the luminance bit depth information
and the chrominance bit depth information in addition to the luminance quantization

parameter and the quantization parameter difference information. According to the
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present embodiment, the applicable range of the chrominance quantization parameter
during the regeneration of the chrominance quantization parameter is the range as
expressed by Expression (2)' using the chrominance bit depth information according to
the third Embodiment. For this reason, when the regenerated chrominance quantization
parameter is outside the range of the color expressed by Expression (2)', a clip
processing or remainder processing is performed to correct the value to be within this
range. The correction processing here is not particularly limited as long as it the same
as the correction processing regarding the chrominance quantization parameter
generating unit 109 according to the third Embodiment. The regenerated chrominance
quantization parameter is output to the inverse quantization unit 206.

The flowchart illustrating the process to decode images according to the present em-
bodiment is similar to that regarding the second Embodiment in Fig. 4. However, the
operation of step S403 is different. Therefore, except for step S403, the decoding
operation is the same as that regarding the second Embodiment and such description is
omitted.

At step S403, the chrominance quantization parameter reconstructing unit 724 re-
generates the chrominance quantization parameter from the luminance bit depth in-
formation and the chrominance bit depth information regenerated at step S401, and the
luminance quantization parameter and quantization parameter difference information
regenerated at step S402. Specifically, the chrominance quantization parameter is re-
generated on the basis of the previously described Expression (5)'. According to the
present embodiment, as the applicable range of values of the chrominance quantization
parameter is determined during the regeneration of the chrominance quantization
parameter depending on the chrominance bit depth information regenerated at step
5401, the chrominance quantization parameter is corrected as necessary. Specifically
and as described regarding the second Embodiment, when the regenerated
chrominance quantization parameter is outside of the range, a clip processing or
remainder processing is performed to correct the chrominance quantization parameter
to be within the range.

The previously described configuration and operation, particularly step S403, enables
decoding of a bit stream generated according to the third Embodiment which has high
chrominance image quality control, by shifting the applicable range of the
chrominance quantization parameter.

According to the present embodiment, only one shared chrominance quantization
parameter is defined for the chrominance components for U and V, but separate
chrominance quantization parameters may be defined for U and V. In this case, the
configuration may include multiple units of the chrominance quantization parameter

reconstructing unit 724, or the chrominance quantization parameter reconstructing unit
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724 may input multiple chrominance quantization parameters and generate quan-
tization parameter difference information.

According to the present embodiment, description has been made regarding an ar-
rangement where the inverse quantization unit 206 is configured to quantize the
transform coefficients for both the luminance and the chrominance, but the con-
figuration may include a luminance quantization unit and a chrominance quantization
unit to quantize the luminance transform coefficient and the chrominance transform
coefficient, respectively.

According to the present embodiment, description has been made regarding an ar-
rangement where the bit stream is decoded using the same luminance quantization
parameter and chrominance quantization parameter for the blocks in the picture, but
the bitstream of which the quantization parameter is adjusted in units of blocks, in
order to improve image quality. The configuration may decode the bit stream in which
both the luminance quantization parameter and the quantization parameter difference
information are encoded in units of blocks. Conversely, the configuration may only
enable the luminance quantization parameter to be decoded in units of blocks, and the
quantization parameter difference information to be decoded in units of pictures.

Fifth Embodiment

The previously described embodiments were described with each processing unit il-
lustrated in Fig. 1, 2, and 7 configures as hardware. However, the processing
performed by each processing unit illustrated in these figures may also be configured
as a computer program.

Fig. 8 is a block diagram illustrating an example hardware configuration of a
computer capable of applying the image display device according to the previously
described embodiments.

A CPU 801 performs overall control of the computer using computer programs and
data stored in a RAM 802 and ROM 803 as well as executes each of the processing
performed by the image processing device according to the previously described em-
bodiments. That is to say, the CPU 801 functions as each processing unit illustrated in
Fig. 1,2, and 7.

The RAM 802 includes an area for temporarily storing a computer program loaded
from an external storage device 806, data obtained externally via an I/F (interface) 807,
and other data. The RAM 802 also includes a work area used when the CPU 801
executes each processing. That is to say, the RAM 802 is allocated as frame memory,
for example, and other various areas may be arbitrarily supplied.

The ROM 803 stores settings data for the computer, the boot program, and the like.
An operation unit 804 is configured from a keyboard, mouse, or the like, and inputs

various instructions to the CPU 801 by user operation of the computer. An output unit
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805 displays the processing results from the CPU 801. The output unit 805 is
configured by a liquid crystal display, for example.

The external storage device 806 is a large capacity storage device such as a hard disk
drive device. The external storage device 806 stores the OS (operating system) and the
computer program for executing the functions of the units illustrated in Fig. 1, 2, and 7
via the CPU 801. The external storage device 806 may also store the image data to be
processed.

The computer program and data stored in the external storage device 806 is ar-
bitrarily loaded into the RAM 802 in accordance with control by the CPU 801 to be
processed by the CPU 801. The I/F 807 may connect networks such as a LAN or the
Internet, and other devices such as a projection device or display device, and the
computer may obtain and send various information via the I/F 807. A bus 808 connects
the previously described components.

The operation capable from the previously described configuration corresponds to
the control operations described regarding the previously described flowcharts
performed primarily by the CPU 801.

Other Embodiments

The aim of the present invention is achieved by supplying to a system a recording
medium to which the code of a computer program configured to execute the previously
described functions is recorded, and this system reads and executes the code of this
computer program. In this case, the code for the computer program read from the
recording medium enables the functions regarding the previously described em-
bodiments, and the recording medium to which the code of this computer program is
recorded configures the present invention. This also includes the case in which the
operating system (OS) or similar running on the computer performs a portion or all of
the actual processing on the basis of the code instructions of this computer program,
and the previously described functions are enabled by this processing.

The following form may also be implemented. That is to say, the computer program
code read from the recording medium may be written to a function-enhanced card
inserted into the computer or a memory provisioned to a function-enhanced unit
connected to the computer. This also includes the case in which a CPU or other pro-
visioned in this function-enhanced card or function-enhanced unit performs a portion
or all of the actual processing on the basis of the code instructions of this program, and
the previously described functions are enabled by this processing.

When applying the present invention to the previously described recording medium,
the code for the computer program corresponding to the previously described
flowcharts is stored in this recording medium.

While the present invention has been described with reference to exemplary em-
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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.

[0125]  This application claims the benefit of Japanese Patent Application No. 2012-268299,
filed December 7, 2012, which is hereby incorporated by reference herein in its

entirety.
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Claims
An image encoding device comprising:
an input unit configured to input a luminance signal of an image and a
chrominance signal of a bit depth different from that of the luminance
signal;
a luminance quantization parameter generating unit configured to
generate a luminance quantization parameter used to quantize the input
luminance signal in block units;
a chrominance quantization parameter generating unit configured to
generate a chrominance quantization parameter used to quantize the
input chrominance signal in block units within a range depending on
the luminance quantization parameter; and
a quantizing unit configured to quantize the input luminance signal by
the luminance quantization parameter, and to quantize the chrominance
signal by the chrominance quantization parameter;
wherein the chrominance quantization parameter generating unit
changes the range depending on the difference between the bit depth of
the luminance signal and the chrominance signal.
The image encoding device according to Claim 1, wherein the
chrominance quantization parameter generating unit expands the range
depending on the difference between the bit depth of the luminance
signal and the chrominance signal.
The image encoding device according to Claim 1, wherein the
chrominance quantization parameter generating unit shifts the range
depending on the difference between the bit depth of the luminance
signal and the chrominance signal.
An image decoding device comprising:
a demultiplexing unit configured to input a bit stream in which a
luminance signal of an image and a chrominance signal of a bit depth
different from that of the luminance signal are encoded, to decode a
header including the bit depth of the luminance signal and the bit depth
of the chrominance signal, and to demultiplex the necessary codes;
a coefficient decoding unit configured to decode quantization coef-
ficients;
a quantization parameter decoding unit configured to decode quan-
tization parameter difference information necessary to reconstruct a

luminance quantization parameter used to perform inverse quantization
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of luminance components of the quantization coefficient and to re-
construct a chrominance quantization parameter used to perform
inverse quantization of chrominance components of the quantization
coefficient;

a chrominance quantization parameter reconstructing unit configured to
reconstruct the chrominance quantization parameter on the basis of the
luminance quantization parameter and the quantization parameter
difference information within a range determined depending on the
luminance quantization parameter and the bit depth of the chrominance
signal; and

an inverse quantization unit configured to perform inverse quantization
of the quantization coefficients using the luminance quantization
parameter and the chrominance quantization parameter;

wherein the chrominance quantization parameter reconstructing unit
changes the range depending on the difference between the bit depth of
the luminance signal and the chrominance signal.

The image decoding device according to Claim 4, wherein the
chrominance quantization parameter reconstructing unit expands the
range depending on the difference between the bit depth of the
luminance signal and the chrominance signal.

The image decoding device according to Claim 4, wherein the
chrominance quantization parameter reconstructing unit shifts the range
depending on the difference between the bit depth of the luminance
signal and the chrominance signal.

An image encoding method comprising:

an input process in which a luminance signal of an image and a
chrominance signal of a bit depth different from that of the luminance
signal are input;

a luminance quantization parameter generating process in which a
luminance quantization parameter used to quantize the input luminance
signal in block units is generated;

a chrominance quantization parameter generating process in which a
chrominance quantization parameter used to quantize the input
chrominance signal in block units within a range depending on the
luminance quantization parameter is generated; and

a quantizing process in which the input luminance signal is quantized
by the luminance quantization parameter, and the chrominance signal is

quantized by the chrominance quantization parameter;
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wherein the range is changed depending on the difference between the
bit depth of the luminance signal and the chrominance signal during the
chrominance quantization parameter generating process.

An image decoding method comprising:

a demultiplexing process in which a bit stream in which a luminance
signal of an image and a chrominance signal of a bit depth different
from that of the luminance signal are encoded is input, a header
including the bit depth of the luminance signal and the bit depth of the
chrominance signal is decoded, and the necessary codes are demul-
tiplexed;

a coefficient decoding process in which quantization coefficients are
decoded;

a quantization parameter decoding process in which quantization
parameter difference information are decoded which are necessary to
reconstruct a luminance quantization parameter used to perform inverse
quantization of luminance components of the quantization coefficient
and to reconstruct a chrominance quantization parameter used to
perform inverse quantization of chrominance components of the quan-
tization coefficient;

a chrominance quantization parameter reconstructing process in which
the chrominance quantization parameter is reconstructed on the basis of
the luminance quantization parameter and the quantization parameter
difference information within a range determined depending on the
luminance quantization parameter and the bit depth of the chrominance
signal; and

an inverse quantization process in which the quantization coefficients
are subjected to inverse quantization of using the luminance quan-
tization parameter and the chrominance quantization parameter;
wherein the range is changed depending on the difference between the
bit depth of the luminance signal and the chrominance signal during the
chrominance quantization parameter reconstructing process.

A program read and executed by a computer, causing the computer to
function as the image encoding device according to Claim 1.

A program read and executed by a computer, causing the computer to

function as the image decoding device according to Claim 4.
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[Fig. 4]
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[Fig. 6]
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