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Description

Title of Invention: IMAGE ENCODING APPARATUS, IMAGE

ENCODING METHOD AND PROGRAM, IMAGE DECODING

APPARATUS, AND IMAGE DECODING METHOD AND

PROGRAM
Technical Field

[0001] The present invention relates to an image encoding apparatus, an image encoding

method and program, an image decoding apparatus, and an image decoding method

and program, and more particularly to an encoding method and a decoding method for

non-compressed encoded blocks.

Background Art
[0002] H.264/Moving Picture Experts Group (MPEG)-4 Advanced Video Coding (AVC)

(hereinafter referred to as "H.264") is known as an encoding system for compressing

and recording moving images (NPL 1). H.264 can use the technology of including an

input image as it is into a bit stream, without compressing the pixels of the input

image. This technology, which is uncompressed coding, is referred to as intra

macroblock pulse code modulation (I_PCM) coding. For example, in the case where

the bit depth of a pixel of an image to be encoded is 8 bits and 4:2:0, if the image is

subjected to I_PCM coding, 256 luma elements and each 64 chroma elements are

included as a bit stream of a macroblock.

[0003] H.264 sets I_PCM coding in units of macroblocks. Further, when the encoding

amount of a macroblock to be encoded exceeds a predetermined value, H.264 performs

I_PCM coding, which is uncompressed coding, instead of encoding the to-be-encoded

macroblock again.

[0004] Annex G of H.264 discusses extension to scalable coding. Scalable coding encodes

to-be-encoded macroblocks of a base layer and an enhancement layer. The m ac

roblocks encoded in the individual layers are multiplexed to generate a bit stream.

Encoding a to-be-encoded macroblock of the enhancement layer uses predictive coding

that performs prediction based on the to-be-encoded macroblock that has been encoded

in the base layer and then encodes the to-be-encoded macroblock of the enhancement

layer. Since I_PCM coding does not perform prediction, images are inserted into a bit

stream in the order of scanning similarly in the enhancement layer.

[0005] Further, an activity for internationally standardizing a high efficiency coding system

has been started as a successor to H.264 in recent years. International Organization for

Standardization (ISO)/International Electrotechnical Commission (IEC) and Inter-



national Telecommunication Union's Telecommunication Standardization Sector

(ITU-T) have established a Joint Collaborative Team on Video Coding (JCT-VC) to

develop the High Efficiency Video Coding (hereinafter referred to as "HEVC")

standard. NPL 2 describes that I_PCM coding, which is uncompressed coding, can also

be used in HEVC.

[0006] A bit stream generated using I_PCM coding includes header information and picture

data. In HEVC, bit_depth_luma_minus8 code and bit_depth_chroma_minus8 code

included in the header information of a bit stream, which is referred to as a

seq_parameter_set header, represent the bit depth. The bit depth of a pixel of an image

subjected to I_PCM coding (PCM pixel depth information), which is uncompressed

coding, is represented by pcm_bit_depth_luma_minus 1 code and

pcm_bit_depth_chroma_minusl code. The picture data, which includes encoded

images, is subsequent to the header information. The picture data includes a mixture of

I_PCM coded pixel data and predictive-coded pixel data.

[0007] In contrast, like H.264, HEVC is expected to handle an image with a bit depth of 8

bits or above, as described in NPL 3. To handle an image with a bit depth of 8 bits or

above, bit-depth scalable coding may be used in order to be compatible with an image

with a bit depth of 8 bits.

[0008] In H.264, scalable coding sends encoded data of an I_PCM coded macroblock as it is

in any of the layers, as described above. That is, redundancy occurs since the same

encoded data is sent in all the layers.

[0009] Though not realized in H.264, the same applies to bit-depth scalable coding. For

example, out of input images, a layer of an image whose number of bits is less than

pixel depth information serves as a base layer, and a layer of an image whose number

of bits is greater than that serves as an enhancement layer. If the same configuration as

that of H.264 scalable coding is adopted, an image whose number of bits corresponds

to the base layer is sent in each of the layers. Therefore, the number of bits corre

sponding to the base layer is sent with redundancy. If bit-depth scalable coding is

performed in multiple enhancement layers, the same image of a lower layer among the

enhancement layers is sent, which is redundant.
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[001 1] The present invention provides an image encoding apparatus that performs scalable

coding of an image divided in units of blocks by using a plurality of layers including

an n-bit base layer and an m-bit enhancement layer, m being greater than or equal to n.

The image encoding apparatus includes an enhancement layer coding mode de

termining unit configured to determine a coding mode of a to-be-encoded block,

serving as a target of encoding, of the enhancement layer; and an enhancement layer

encoding unit configured to encode the to-be-encoded block of the enhancement layer

on the basis of the coding mode determined by the enhancement layer coding mode de

termining unit. When the coding mode determined by the enhancement layer coding

mode determining unit is an uncompressed coding mode, the enhancement layer

encoding unit generates an image including the least significant m-n bits from the to-

be-encoded block of the enhancement layer, and encodes the generated image in the

uncompressed coding mode.

[0012] Further, the present invention provides an image decoding apparatus that decodes a

bit stream generated by performing scalable coding of an image divided in units of

blocks by using a plurality of layers including an n-bit base layer and an m-bit en

hancement layer, m being greater than or equal to n. The image decoding apparatus

includes an enhancement layer coding mode obtaining unit configured to obtain a

coding mode of a to-be-decoded block, serving as a target of decoding, of the en

hancement layer; and an enhancement layer decoding unit configured to decode the to-

be-decoded block of the enhancement layer on the basis of the coding mode obtained

by the enhancement layer coding mode obtaining unit. When the coding mode

obtained by the enhancement layer coding mode obtaining unit is an uncompressed

coding mode, the enhancement layer decoding unit decodes a bit stream including the

least significant m-n bits from the to-be-decoded block of the enhancement layer, and

does not decode a bit stream including the most significant n bits.

[0013] Further features of the present invention will become apparent from the following de

scription of exemplary embodiments with reference to the attached drawings.

[0014] According to the present invention, even in I_PCM coding, the coding efficiency can

be improved by sending an image corresponding to the number of differential bits with

a lower layer, without performing redundant coding and generating redundant code.

Decoding can be quickly and productively performed because no encoded data is re

dundantly decoded.

Brief Description of Drawings
[0015] [fig.l]Fig. 1 is a block diagram illustrating the configuration of an image encoding

apparatus according to a first embodiment.

[fig.2]Fig. 2 is a block diagram illustrating the details of an enhancement layer image



reconstruction unit according to the first embodiment and a second embodiment.

[fig.3]Fig. 3 is a flowchart illustrating an image encoding process performed by the

image encoding apparatus according to the first embodiment.

[fig.4]Fig. 4 is a block diagram illustrating another configuration of the image

encoding apparatus according to the first embodiment.

[fig.5]Fig. 5 is a block diagram illustrating the configuration of an image decoding

apparatus according to the second embodiment.

[fig.6]Fig. 6 is a flowchart illustrating an image decoding process performed by the

image decoding apparatus according to the second embodiment.

[fig.7]Fig. 7 is a block diagram illustrating another configuration of the image

decoding apparatus according to the second embodiment.

[fig.8A]Fig. 8A is a diagram illustrating an example of the configuration of a bit

stream generated by the image encoding apparatus according to the present invention.

[fig.8B]Fig. 8B is a diagram illustrating an example of the configuration of a bit stream

generated by the image encoding apparatus according to the present invention.

[fig.9]Fig. 9 is a block diagram illustrating the configuration of an image encoding

apparatus according to a third embodiment.

[fig.lO]Fig. 10 is a flowchart illustrating an image encoding process performed by the

image encoding apparatus according to the third embodiment.

[fig. 1l]Fig. 11 is a block diagram illustrating the configuration of an image encoding

apparatus according to a fourth embodiment.

[fig.l2]Fig. 12 is a flowchart illustrating an image encoding process performed by the

image encoding apparatus according to the fourth embodiment.

[fig.l3]Fig. 13 is a block diagram illustrating the configuration of an image decoding

apparatus according to a fifth embodiment.

[fig.l4]Fig. 14 is a flowchart illustrating an image decoding process performed by the

image decoding apparatus according to the fifth embodiment

[fig. 15A]Fig. 15A is a diagram illustrating an example of the configuration of a bit

stream generated by the image encoding apparatus according to the present invention.

[fig.l5B]Fig. 15B is a diagram illustrating an example of the configuration of a bit

stream generated by the image encoding apparatus according to the present invention

[fig. 16]Fig. 16 is a block diagram illustrating an example of the hardware con

figuration of a computer applicable to the image encoding apparatus or the image

decoding apparatus according to the present invention.

Description of Embodiments
Hereinafter, the invention of the present application will be described in detail on the

basis of exemplary embodiments with reference to the attached drawings. The config-



urations discussed in the following exemplary embodiments are only exemplary, and

the present invention is not limited to the illustrated configurations.

First Embodiment
[0017] Hereinafter, a first embodiment of the present invention will be described using Fig.

1. Fig. 1 is a block diagram illustrating the configuration of an image encoding

apparatus according to the first embodiment. The image encoding apparatus according

to the first embodiment encodes an image in units of blocks.

[0018] Referring to Fig. 1, a terminal 100 is an input terminal that inputs an image to the

interior of the image encoding apparatus according to the first embodiment. It is

assumed that the bit depth of a pixel of an image input to the image encoding apparatus

according to the first embodiment is 14 bits. However, the present invention is not

limited to this case. Hereinafter, the bit depth of a pixel of an image is referred to as

"pixel depth information".

[0019] A layer separator 101 divides an image input from the terminal 100 (hereinafter

referred to as an "input image") into blocks. Each of the blocks, obtained by division

performed by the layer separator 101, has the most significant n bits as an image of a

base layer (hereinafter referred to as a "base layer image") and the input image itself

(m bits) as an image of an enhancement layer (hereinafter referred to as an "en

hancement layer image"). That is, pixel depth information of the base layer image is n,

and pixel depth information of the enhancement layer image is m (m is greater than or

equal to n). Since pixel depth information of the input image is 14 bits in the first em

bodiment, pixel depth information of the enhancement layer image is 14 bits (m = 14).

The layer separator 101 outputs the base layer image to a base layer coding mode de

termining unit 102 and the enhancement layer image to an enhancement layer coding

mode determining unit 111 in units of blocks.

[0020] The base layer coding mode determining unit 102 receives, as an input, the base layer

image of a block to be processed (to-be-processed block) and determines the coding

mode of the base layer image. Coding modes determined by the base layer coding

mode determining unit 102 include, for example, intra predictive coding (hereinafter

referred to as "intra coding"), inter predictive coding (hereinafter referred to as "inter

coding"), and I_PCM coding. A method of determining the coding mode is not p ar

ticularly limited. The coding mode may be determined on the basis of, for example, a

feature amount of the to-be-processed block, the result of estimation of the amount of

coding, or the like.

[0021] A selector 103 selects the output destination of the base layer image of the to-

be-processed block, on the basis of the output of the base layer coding mode de

termining unit 102. If the output of the base layer coding mode determining unit 102 is

other than the I_PCM coding mode, which is an uncompressed coding mode, the



selector 103 selects a prediction unit 104 as the output destination of the base layer

image of the to-be-processed block. In contrast, if the output of the base layer coding

mode determining unit 102 is the I_PCM coding mode, the selector 103 selects a base

layer image reconstruction unit 107 and a base layer second encoding unit 109 as the

output destinations of the base layer image of the to-be-processed block.

[0022] The prediction unit 104 performs intra prediction or inter prediction based on the

output of the base layer coding mode determining unit 102, and calculates a prediction

error in units of blocks. If intra coding is selected by the base layer coding mode de

termining unit 102, the prediction unit 104 performs prediction by referring to the pixel

values of surrounding encoded blocks stored in the base layer image reconstruction

unit 107. If inter coding is selected by the base layer coding mode determining unit

102, the prediction unit 104 performs prediction by referring to images of different

frames stored in the base layer image reconstruction unit 107. The prediction unit 104

calculates a prediction error by comparing a predicted value with an image input from

the selector 103.

[0023] A transformation/quantization unit 105 calculates a quantization coefficient by

performing orthogonal transformation and quantization of the prediction error

calculated by the prediction unit 104. At first, the transformation/quantization unit 105

performs orthogonal transformation. After calculating an orthogonal transformation

coefficient, the transformation/quantization unit 105 further performs quantization of

the orthogonal transformation coefficient, and calculates a quantization coefficient.

[0024] A base layer first encoding unit 106 encodes the quantization coefficient calculated

by the transformation/quantization unit 105. A method of encoding the quantization

coefficient is not particularly limited. Coding such as Golomb coding, arithmetic

coding, Huffman coding, or the like may be used.

[0025] A base layer coding mode encoding unit 108 encodes the coding mode determined

by the base layer coding mode determining unit 102. A method of encoding the coding

mode is not particularly limited. Coding such as Golomb coding, arithmetic coding,

Huffman coding, or the like may be used.

[0026] The base layer second encoding unit 109 generates I_PCM code by performing u n

compressed coding of the base layer image input from the layer separator 101 via the

selector 103.

[0027] The base layer image reconstruction unit 107 receives, as inputs, the base layer image

output from the layer separator 101 via the selector 103, the quantization coefficient

calculated by the transformation/quantization unit 105, and the coding mode de

termined by the base layer coding mode determining unit 102. The base layer image

reconstruction unit 107 generates an image which has been locally decoded

(hereinafter referred to as a "locally decoded image") from the input base layer image,



quantization coefficient, and coding mode, and stores the locally decoded image for

reference.

[0028] A base layer integrating encoding unit 110 generates the code of the base layer image

(hereinafter referred to as the "base layer code") by integrating the code output from

the base layer coding mode encoding unit 108, the base layer first encoding unit 106,

and the base layer second encoding unit 109. The base layer integrating encoding unit

110 further generates and encodes, in units of frames, header information representing

that the code is of the base layer image, and adds the header information to the base

layer code.

[0029] The enhancement layer coding mode determining unit 111 receives, as an input, the

enhancement layer image of a to-be-processed block and determines the coding mode

of the enhancement layer image. Coding modes determined by the enhancement layer

coding mode determining unit 111 include, for example, intra coding, inter coding

between enhancement layer images, predictive coding that refers to the base layer

image (hereinafter referred to as "inter-layer coding"), and I_PCM coding. To simplify

the description, the first embodiment describes only the case in which the coding mode

is one of the intra coding mode, the inter-layer coding mode, and the I_PCM coding

mode. A method of determining the coding mode is not particularly limited. The

coding mode may be determined on the basis of, for example, a feature amount of the

to-be-processed block, the result of estimation of the amount of coding, or the like.

[0030] A selector 112 selects the output destination of the enhancement layer image of the

to-be-processed block, on the basis of the output of the enhancement layer coding

mode determining unit 111. If the output of the enhancement layer coding mode de

termining unit 111 is other than the I_PCM coding mode, the selector 112 selects a

prediction unit 113 as the output destination of the enhancement layer image of the to-

be-processed block. In contrast, if the output of the enhancement layer coding mode

determining unit 111 is the I_PCM coding mode, the selector 112 selects an en

hancement layer image reconstruction unit 116 and an enhancement layer dividing unit

118 as the output destinations of the enhancement layer image of the to-be-processed

block.

[003 1] The prediction unit 113 performs intra prediction or inter prediction based on the

output of the enhancement layer coding mode determining unit 111, and calculates a

prediction error in units of blocks. If inter-layer coding is selected by the enhancement

layer coding mode determining unit 111, the prediction unit 113 expands the n-bit base

layer image of the base layer image reconstruction unit 107 to m bits, and obtains a

prediction error based on the m-bit expanded image as a reference image. A method of

calculating a prediction error by the prediction unit 113 is not particularly limited. For

example, a predicted value (image) may be obtained by shifting the pixel data of the



base layer image, stored in the base layer image reconstruction unit 107, (m-n) bits to

the left.

[0032] A transformation/quantization unit 114 calculates a quantization coefficient by

performing orthogonal transformation and quantization of the prediction error

calculated by the prediction unit 113. At first, the transformation/quantization unit 114

performs orthogonal transformation. After calculating an orthogonal transformation

coefficient, the transformation/quantization unit 114 further performs quantization of

the orthogonal transformation coefficient, and calculates a quantization coefficient.

[0033] An enhancement layer first encoding unit 115 encodes the quantization coefficient

calculated by the transformation/quantization unit 114. A method of encoding the

quantization coefficient is not particularly limited. Coding such as Golomb coding,

arithmetic coding, Huffman coding, or the like may be used.

[0034] An enhancement layer coding mode encoding unit 117 encodes the coding mode de

termined by the enhancement layer coding mode determining unit 111. A method of

encoding the coding mode is not particularly limited. Coding such as Golomb coding,

arithmetic coding, Huffman coding, or the like may be used.

[0035] The enhancement layer dividing unit 118 generates an (m-n)-bit image by removing

the n-bit base layer image from the m-bit enhancement layer image.

[0036] An enhancement layer second encoding unit 119 generates I_PCM code by

performing uncompressed coding of the (m-n)-bit image, which is generated by

division performed by the enhancement layer dividing unit 118, as an enhancement

layer image.

[0037] The enhancement layer image reconstruction unit 116 receives, as inputs, the

(m-n)-bit enhancement layer image generated by the enhancement layer dividing unit

118, and the base layer image stored for reference in the base layer image recon

struction unit 107. Also, the enhancement layer image reconstruction unit 116 receives,

as inputs, the quantization coefficient calculated by the transformation/quantization

unit 114 and the coding mode determined by the enhancement layer coding mode de

termining unit 111, and generates a locally decoded image. Further, the enhancement

layer image reconstruction unit 116 stores the generated locally decoded image for

reference. The prediction unit 113 refers to the locally decoded image, which is stored

in the enhancement layer image reconstruction unit 116, when the coding mode de

termined by the enhancement layer coding mode determining unit 111 is intra coding

or inter coding.

[0038] An enhancement layer integrating encoding unit 120 generates the code of the en

hancement layer image (hereinafter referred to as the "enhancement layer code") by in

tegrating the code output from the enhancement layer coding mode encoding unit 117,

the enhancement layer first encoding unit 115, and the enhancement layer second



encoding unit 119. The enhancement layer integrating encoding unit 120 further

generates and encodes, in units of frames, header information representing that the

code is of the enhancement layer image, and adds the header information to the en

hancement layer code.

[0039] A layer integrating unit 121 generates header information of the entire sequence. The

layer integrating unit 121 generates a bit stream by integrating the base layer code of

the base layer integrating encoding unit 110 and the enhancement layer code of the en

hancement layer integrating encoding unit 120. If the enhancement layer code is u n

necessary at the decoding side, the layer integrating unit 121 may output only the base

layer code.

[0040] A terminal 122 outputs the bit stream generated by the layer integrating unit 121 to

the outside of the image encoding apparatus.

[0041] An image encoding method performed by the above-described image encoding

apparatus will be described below. Referring to Fig. 1, the image encoding apparatus

according to the first embodiment outputs an m-bit image, which is input to the

terminal 100, to the layer separator 101. The layer separator 101 divides the most-

significant n bits of the m-bit input image into blocks and inputs the blocks to the base

layer coding mode determining unit 102 and the selector 103. It is assumed that pixel

depth information n of a base layer image is 8 bits. The layer separator 101 also

divides the 14-bit input image, input from the terminal 100, into blocks, and inputs the

blocks to the enhancement layer coding mode determining unit 111 and the selector

112.

[0042] Firstly, encoding the base layer image will be described.

[0043] The base layer coding mode determining unit 102 determines the coding mode of a

to-be-encoded block from the image input from the layer separator 101. To simplify

the description, the first embodiment assumes that the coding mode determined by the

base layer coding mode determining unit 102 is one of the following coding modes.

That is, the coding mode determined by the base layer coding mode determining unit

102 is any of the intra coding mode using intra prediction, the inter coding mode using

inter prediction that performs motion compensation, and the I_PCM coding mode

performing uncompressed coding.

[0044] The base layer coding mode determining unit 102 outputs the determined coding

mode to the selector 103, the prediction unit 104, the transformation/quantization unit

105, the base layer coding mode encoding unit 108, and the base layer image recon

struction unit 107. The base layer coding mode encoding unit 108 generates the code

of the coding mode (hereinafter referred to as the "coding mode code"), input from the

base layer coding mode determining unit 102, by encoding the coding mode, and

outputs the coding mode code to the base layer integrating encoding unit 110.



[0045] Firstly, the case in which the base layer coding mode determining unit 102 selects a

mode other than the I_PCM coding mode will be described.

[0046] Since the output of the base layer coding mode determining unit 102 is a mode other

than the I_PCM mode, the selector 103 outputs the base layer image, which is a target

of encoding, input from the layer separator 101, to the prediction unit 104.

[0047] The prediction unit 104 generates a predicted value by performing prediction based

on the output of the base layer coding mode determining unit 102. If the output of the

base layer coding mode determining unit 102 is the intra coding mode, the prediction

unit 104 generates a predicted value by performing prediction by referring to the pixel

values of surrounding encoded blocks stored in the base layer image reconstruction

unit 107. Alternatively, if the output of the base layer coding mode determining unit

102 is the inter coding mode, the prediction unit 104 generates a predicted value by

performing prediction by referring to images of different frames stored in the base

layer image reconstruction unit 107. The prediction unit 104 calculates a prediction

error by comparing the predicted value with the image input from the selector 103. The

prediction unit 104 outputs the calculated prediction error to the transformation/quan

tization unit 105.

[0048] The transformation/quantization unit 105 calculates a quantization coefficient by

performing orthogonal transformation and quantization of the prediction error input

from the prediction unit 104. The transformation/quantization unit 105 outputs the

calculated quantization coefficient to the base layer first encoding unit 106 and the

base layer image reconstruction unit 107.

[0049] The base layer image reconstruction unit 107 regenerates an orthogonal trans

formation coefficient by dequantizing the quantization coefficient input from the trans

formation/quantization unit 105, and regenerates a prediction error by performing

inverse orthogonal transformation of the orthogonal transformation coefficient. The

base layer image reconstruction unit 107 obtains a predicted value by referring to the

locally decoded image stored in the base layer image reconstruction unit 107 in ac

cordance with the coding mode determined by the base layer coding mode determining

unit 102, and obtains a regenerated image by adding the regenerated prediction error to

the predicted value. The base layer image reconstruction unit 107 stores the obtained

regenerated image in the base layer image reconstruction unit 107 for future reference.

[0050] The base layer first encoding unit 106 generates quantization coefficient code by

encoding the quantization coefficient input form the transformation/quantization unit

105.

[0051] The base layer coding mode encoding unit 108 generates coding mode code by

encoding the coding mode determined by the base layer coding mode determining unit



[0052] The base layer integrating encoding unit 110 generates the code of the to-

be-processed block by integrating the coding mode code generated by the base layer

coding mode encoding unit 108, the quantization coefficient code generated by the

base layer first encoding unit 106, and information relating to the prediction. In

particular, this code will be referred to as "base layer predictive coding pixel in

formation". The base layer predictive coding pixel information is code included in the

base layer code.

[0053] Next, the case in which the base layer coding mode determining unit 102 selects the

I_PCM coding mode will be described.

[0054] Since the output of the base layer coding mode determining unit 102 is the I_PCM

coding mode, the selector 103 outputs the base layer image, which is a target of

encoding, input from the layer separator 101, to the base layer image reconstruction

unit 107 and the base layer second encoding unit 109.

[0055] The base layer image reconstruction unit 107 generates a regenerated image from the

base layer image input from the selector 103. If the I_PCM coding mode is selected by

the base layer coding mode determining unit 102, a regenerated image generated by the

base layer image reconstruction unit 107 is the same image as that input to the base

layer image reconstruction unit 107. Therefore, the base layer image reconstruction

unit 107 stores this regenerated image in the base layer image reconstruction unit 107.

[0056] The base layer second encoding unit 109 generates I_PCM code by collectively

performing uncompressed coding of the base layer image input from the selector 103.

[0057] The base layer coding mode encoding unit 108 generates coding mode code by

encoding the coding mode determined by the base layer coding mode determining unit

102.

[0058] The base layer integrating encoding unit 110 generates the code of the to-

be-processed block by integrating the coding mode code generated by the base layer

coding mode encoding unit 108 and the I_PCM code generated by the base layer

second encoding unit 109. In particular, this code will be referred to as "base layer

I_PCM pixel information". The base layer I_PCM pixel information is code included

in the base layer code.

[0059] Next, encoding the enhancement layer image will be described.

[0060] The enhancement layer coding mode determining unit 111 determines the coding

mode of a to-be-encoded block from the enhancement layer image input from the layer

separator 101. To simplify the description, the first embodiment assumes that the

coding mode determined by the enhancement layer coding mode determining unit 111

is one of the following coding modes. That is, the coding mode determined by the en

hancement layer coding mode determining unit 111 is any of the intra coding mode

using intra prediction, the inter-layer coding mode referring to the base layer image,



and the I_PCM coding mode performing uncompressed coding. The enhancement

layer coding mode determining unit 111 outputs the determined coding mode to the

selector 112, the prediction unit 113, the transformation/quantization unit 114, the en

hancement layer coding mode encoding unit 117, and the enhancement layer image re

construction unit 116.

[0061] The enhancement layer coding mode encoding unit 117 generates coding mode code

by encoding the coding mode input from the enhancement layer coding mode de

termining unit 111, and outputs the coding mode code to the enhancement layer in

tegrating encoding unit 120.

[0062] Firstly, the case in which the enhancement layer coding mode determining unit 111

selects a mode other than the I_PCM coding mode will be described.

[0063] The selector 112 outputs the enhancement layer image, which is a target of encoding,

input from the layer separator 101, to the prediction unit 113.

[0064] The prediction unit 113 performs prediction based on the output of the enhancement

layer coding mode determining unit 111. If the output of the enhancement layer coding

mode determining unit 111 is the intra coding mode, the prediction unit 113 performs

prediction by referring to the pixel values of surrounding blocks stored in the en

hancement layer image reconstruction unit 116. If the output of the enhancement layer

coding mode determining unit 111 is the inter-layer coding mode, the prediction unit

113 performs prediction by referring to a corresponding image stored in the base layer

image reconstruction unit 107. Here, a 14-bit image is generated by shifting the 8-bit

base layer image, stored in the base layer image reconstruction unit 107, 6 bits to the

left, and this 14-bit image serves as a predicted image. However, a method of

generating a predicted image is not limited to this method. The prediction unit 113

calculates a prediction error by comparing the generated predicted image with the en

hancement layer image input from the selector 112. Further, the prediction unit 113

outputs the calculated prediction error to the transformation/quantization unit 114.

[0065] The transformation/quantization unit 114 calculates a quantization coefficient by

performing orthogonal transformation and quantization of the input prediction error.

The transformation/quantization unit 114 outputs the calculated quantization co

efficient to the enhancement layer first encoding unit 115 and the enhancement layer

image reconstruction unit 116.

[0066] Fig. 2 illustrates a detailed configuration of the enhancement layer image recon

struction unit 116. Referring to Fig. 2, a terminal 200 receives, as an input, the n-bit,

that is, 8-bit image, to which reference is made, from the base layer image recon

struction unit 107. A terminal 201 receives, as an input, the quantization coefficient of

the prediction error from the transformation/quantization unit 114. A terminal 202

receives, as an input, the (m-n)-bit, that is, 6-bit image from the enhancement layer



dividing unit 118. A terminal 203 receives, as an input, the coding mode from the en

hancement layer coding mode determining unit 111. A shifting unit 204 shifts the pixel

value of the image, input from the base layer image reconstruction unit 107 via the

terminal 200, 6 bits to the left (in the most significant bit direction). A de-

quantization/inverse transformation unit 205 regenerates an orthogonal transformation

coefficient by dequantizing the quantization coefficient input from the terminal 201,

and regenerates a prediction error by performing inverse orthogonal transformation of

the orthogonal transformation coefficient. A selector 206 and a selector 207 select their

input destinations in accordance with the coding mode input from the terminal 203. An

adder 208 adds (combines) the inputs from the selector 206 and the selector 207 and

outputs the added result to a frame memory 209. The frame memory 209 stores a

locally decoded image for image reference. A terminal 210 outputs, as an image to be

referred to, the locally decoded image, which is stored in the frame memory 209, to the

prediction unit 113.

[0067] In the above-described configuration, the terminal 203 receives, as an input, the

coding mode from the enhancement layer coding mode determining unit 111.

[0068] If the coding mode input to the terminal 203 is the intra coding mode, the selector

206 sets the locally decoded image, stored in the frame memory 209, to be output to

the adder 208. Also in this case, the selector 207 sets the prediction error, regenerated

by the de-quantization/inverse transformation unit 205, to be output to the adder 208.

Then, the de-quantization/inverse transformation unit 205 outputs the quantization co

efficient of the prediction error, obtained by intra prediction, from the transformation/

quantization unit 114 via the terminal 201, and regenerates the input quantization co

efficient as a prediction error. The de-quantization/inverse transformation unit 205

outputs the regenerated prediction error to the adder 208 via the selector 207. The

selector 206 also outputs the locally decoded image, input from the frame memory

209, to the adder 208. The adder 208 regenerates a locally decoded image by adding

the image input from the selector 206 and the prediction error input from the selector

207, and outputs the regenerated locally decoded image to the frame memory 209. The

frame memory 209 stores the locally decoded image, regenerated by the adder 208, in

a certain region.

[0069] If the coding mode input to the terminal 203 is the inter-layer coding mode, the

selector 206 sets the image from the shifting unit 204 to be output to the adder 208.

Also in this case, the selector 207 sets the prediction error, regenerated by the de-

quantization/inverse transformation unit 205, to be output to the adder 208. Then, the

de-quantization/inverse transformation unit 205 outputs the quantization coefficient of

the prediction error, obtained by inter-layer prediction, from the transformation/quan

tization unit 114 via the terminal 201, and regenerates the input quantization co-



efficient as a prediction error. The de-quantization/inverse transformation unit 205

outputs the regenerated prediction error to the adder 208 via the selector 207. Also, the

shifting unit 204 receives, as an input, the 8-bit reference image, stored in the base

layer image reconstruction unit 107, via the terminal 200. The shifting unit 204 shifts

the reference image 6 bits to the left, embeds 0s to the least significant 6 bits, and

generates a 14-bit image. The shifting unit 204 further outputs the generated 14-bit

image to the adder 208 via the selector 206. The adder 208 regenerates a locally

decoded image by adding the image input from the selector 206 and the prediction

error input from the selector 207, and outputs the regenerated locally decoded image to

the frame memory 209. The frame memory 209 stores the locally decoded image, re

generated by the adder 208, in a certain region. The transformation/quantization unit

114 inputs the calculated quantization coefficient to the enhancement layer first

encoding unit 115 and the enhancement layer image reconstruction unit 116.

[0070] Referring to Fig. 1, the enhancement layer first encoding unit 115 generates the code

of the quantization coefficient calculated by the transformation/quantization unit 114

(hereinafter referred to as the "quantization coefficient code") by encoding the quan

tization coefficient. The enhancement layer integrating encoding unit 120 integrates

the coding mode code generated by the enhancement layer coding mode encoding unit

117, the image quantization coefficient code generated by the enhancement layer first

encoding unit 115, information relating to the prediction, and information relating to

reference to the base layer image. The enhancement layer integrating encoding unit

120 regards the integrated code and information as the code of the to-be-processed

block. The code of the to-be-processed block is referred to as "enhancement layer

predictive coding pixel information". The enhancement layer predictive coding pixel

information is code included in the enhancement layer code.

[007 1] Next, the case in which the enhancement layer coding mode determining unit 111

selects the I_PCM coding mode will be described.

[0072] The selector 112 outputs the enhancement layer image, which is a target of encoding,

input from the layer separator 101, to the enhancement layer dividing unit 118.

[0073] The enhancement layer dividing unit 118 deletes the most significant 8 bits from the

input 14-bit image, and generates the least significant 6-bit image. The enhancement

layer dividing unit 118 outputs the generated 6-bit image to the enhancement layer

image reconstruction unit 116 and the enhancement layer second encoding unit 119.

[0074] A detailed process performed by the enhancement layer image reconstruction unit

116 when the I_PCM coding mode is selected will be described using Fig. 2. Referring

to Fig. 2, the terminal 202 receives, as an input, the 6-bit image from the enhancement

layer dividing unit 118. The terminal 203 outputs the I_PCM coding mode from the

enhancement layer coding mode determining unit 111 to the selectors 206 and 207.



The selectors 206 and 207 select their input destinations in accordance with the coding

mode input from the terminal 203. If the I_PCM coding mode is input from the

terminal 203, the selector 206 selects the shifting unit 204 as the input destination, and

the selector 207 selects the terminal 202 as the input destination.

[0075] The shifting unit 204 receives, as an input, the 8-bit reference image, stored in the

base layer image reconstruction unit 107, from the base layer image reconstruction unit

107 via the terminal 200. The shifting unit 204 shifts the input image 6 bits to the left,

embeds 0s to the least significant 6 bits, and generates a 14-bit image. The selector 206

receives, as an input, the 14-bit image generated by the shifting unit 204, and outputs

the 14-bit image to the adder 208. In contrast, the selector 207 receives, as an input, the

6-bit image, generated by the enhancement layer dividing unit 118, via the terminal

202, and outputs the 6-bit image to the adder 208. The adder 208 regenerates a locally

decoded image by adding the inputs from the selector 206 and the selector 207, and

outputs the locally decoded image to the frame memory 209. The frame memory 209

stores the locally decoded image, regenerated by the adder 208, in a certain region.

[0076] Referring to Fig. 1, the enhancement layer second encoding unit 119 generates

I_PCM code by integrating the 6-bit image input from the enhancement layer dividing

unit 118.

[0077] The enhancement layer integrating encoding unit 120 generates the code of the to-

be-processed block by integrating the coding mode code generated by the enhancement

layer coding mode encoding unit 117 and the I_PCM code generated by the en

hancement layer second encoding unit 119. In particular, this code will be referred to

as "enhancement layer I_PCM pixel information". The enhancement layer I_PCM

pixel information is code included in the enhancement layer code.

[0078] At first, the layer integrating unit 121 generates header information of the base layer.

Encoded pixel depth information of the base layer, and encoded pixel depth in

formation of the base layer in the I_PCM coding mode are embedded in the header in

formation. Although encoding of these pieces of information is not particularly limited,

bit_depth_luma_minus8 code and bit_depth_chroma_minus8 code of H.264 may be

used. Further, pcm_bit_depth_luma_minus 1 code and pcm_bit_depth_chroma_minusl

code may be used. Subsequent to the header information, the layer integrating unit 121

integrates, as picture data, the base layer predictive coding pixel information and the

base layer I_PCM pixel information, which is code input from the base layer in

tegrating encoding unit 110.

[0079] Fig. 3 is a flowchart illustrating an image encoding process performed by the image

encoding apparatus according to the first embodiment.

[0080] In step S300, the image encoding apparatus according to the first embodiment

receives, as an input, an image to be encoded, in which m bits are used per pixel, from



the terminal 100 illustrated in Fig. 1.

[0081] In step S301, the image encoding apparatus according to the first embodiment

generates and encodes a header representing the entire sequence. This header includes

information representing whether to perform bit-depth scalable coding

(bitdepth_enhancement_flag). Further, the image encoding apparatus according to the

first embodiment generates and encodes a header representing information of a base

layer and a header representing information of an enhancement layer. These headers

include pixel depth information of their layers.

[0082] In step S302, the layer separator 101 extracts an image of a block to be encoded,

from the image input from the terminal 100.

[0083] In step S303, the layer separator 101 generates a base layer image by further ex

tracting a pixel including the most significant n bits from the input m-bit pixel.

[0084] In step S304, the base layer coding mode determining unit 102 determines the coding

mode of the block of the base layer.

[0085] In step S305, the selector 103 determines whether the coding mode determined in

step S304 is the I_PCM coding mode. If the coding mode is the I_PCM coding mode,

the process proceeds to step S306; otherwise, the process proceeds to step S308.

[0086] In step S306, the base layer coding mode encoding unit 108 encodes the I_PCM

coding mode and outputs the encoded I_PCM coding mode to the base layer in

tegrating encoding unit 110.

[0087] In step S307, the base layer second encoding unit 109 performs uncompressed

coding of the base layer image and outputs the uncompressed encoded base layer

image to the base layer integrating encoding unit 110.

[0088] In step S308, the base layer coding mode encoding unit 108 encodes the coding

mode determined in step S304, and outputs the encoded coding mode to the base layer

integrating encoding unit 110.

[0089] In step S309, the prediction unit 104 calculates a prediction error by performing

prediction, such as intra prediction or inter prediction, of the base layer image. Further,

the transformation/quantization unit 105 generates a quantization coefficient by

performing orthogonal transformation and quantization of the prediction error

calculated by the prediction unit 104.

[0090] In step S3 10, the base layer first encoding unit 106 encodes coding control in

formation, such as the coding mode or the motion vector necessary for prediction, and

encodes and outputs the quantization coefficient, generated in step S309 by the trans

formation/quantization unit 105.

[0091] In step S31 1, the enhancement layer coding mode determining unit 111 determines

the coding mode of a block of the enhancement layer.

[0092] In step S3 12, the selector 112 determines whether the coding mode determined in



step S31 1 by the enhancement layer coding mode determining unit 111 is the I_PCM

coding mode. If the coding mode is the I_PCM coding mode, the process proceeds to

step S3 13. If the coding mode is not the I_PCM coding mode, the process proceeds to

step S3 15.

[0093] In step S3 13, the enhancement layer coding mode encoding unit 117 encodes the

I_PCM coding mode, and outputs the encoded I_PCM coding mode to the en

hancement layer integrating encoding unit 120.

[0094] In step S3 14, the enhancement layer dividing unit 118 extracts the least significant

(m-n) bits from the enhancement layer image. The enhancement layer image recon

struction unit 116 performs uncompressed coding of the (m-n)-bit image, extracted by

the enhancement layer dividing unit 118, and outputs the encoded (m-n)-bit image.

[0095] In step S3 15, the enhancement layer coding mode encoding unit 117 encodes and

outputs the coding mode determined in step S31 1.

[0096] In step S3 16, the prediction unit 113 calculates a prediction error by performing

prediction, such as intra prediction or inter-layer prediction, of the enhancement layer

image. Further, the transformation/quantization unit 114 generates a quantization co

efficient by performing orthogonal transformation and quantization of the prediction

error calculated by the prediction unit 113.

[0097] In step S3 17, the enhancement layer first encoding unit 115 encodes coding control

information, such as the coding mode or the motion vector necessary for prediction,

and encodes and outputs the quantization coefficient, generated in step S3 16 by the

transformation/quantization unit 114.

[0098] In step S3 18, the image encoding apparatus according to the first embodiment de

termines whether the process of encoding all the blocks of the input image input from

the terminal 100 is completed. If the process on all the blocks of the input image is

completed, the encoding process ends. If the process is not completed, the process

returns to step S302, and the encoding process continues on the next block as a to-

be-processed block.

[0099] Figs. 8A and 8B illustrate bit streams generated as described above. Fig. 8A is a

diagram representing a bit stream of a base layer. A bit stream in the first embodiment

includes header information and picture data. The header information of the base layer

includes pixel depth information of the base layer. The picture data of the base layer

includes code of each block. The code includes base layer predictive coding pixel in

formation and base layer I_PCM pixel information. Further, the base layer predictive

coding pixel information includes coding mode code and quantization coefficient code.

The base layer I_PCM pixel information includes coding mode code and I_PCM code.

[0100] Fig. 8B is a diagram representing a bit stream of an enhancement layer. The bit

stream of the enhancement layer in the first embodiment includes header information



and picture data. The header information of the enhancement layer includes an en

hancement layer header representing that the bit stream is in the enhancement layer,

and pixel depth information of the enhancement layer. Further, the header of the en

hancement layer includes an index indicating a reference layer to be referred to, as in

H.264.

[0101] The picture data of the enhancement layer includes code of each block. The code

includes enhancement layer predictive coding pixel information and enhancement

layer I_PCM pixel information. Further, the enhancement layer predictive coding pixel

information includes coding mode code and quantization coefficient code. Also, the

pixel depth information (n) of the base layer can be recognized by looking at the index

representing the reference layer, included in the header of the enhancement layer.

Since the enhancement layer pixel depth information (m) is known, it can be judged

that the enhancement layer I_PCM pixel information includes coding mode code and

I_PCM code in which (m-n) bits are used per pixel.

[0102] With the above configuration and operation, scalable coding in the I_PCM coding

mode can separately encode a base layer image and an enhancement layer image

including the least significant bits excluding bits represented in the base layer. At the

same time, scalable coding becomes possible even in the I_PCM coding mode. In

particular, the number of bits of an image sent in the enhancement layer can be reduced

since an image including the least significant bits excluding bits represented in the base

layer is encoded. As a result, the coding efficiency is improved.

[0103] Although the bit streams are illustrated in Figs. 8A and 8B in the first embodiment,

the configuration of a bit stream is not limited to these bit streams.

[0104] Although the base layer and one enhancement layer are described in the first em

bodiment, the number of layers is not limited to this case. For example, a configuration

illustrated in Fig. 4 may be adopted.

[0105] Fig. 4 illustrates the configuration in which an enhancement layer coding mode de

termining unit 411 to an enhancement layer integrating encoding unit 420 are added to

the image encoding apparatus illustrated in Fig. 1. Referring to Fig. 4, for example, it is

assumed that an input image input to the terminal 100 is a 16-bit image, a base layer

image is an 8-bit image, an enhancement layer image thereafter is a 14-bit image, and

the last enhancement layer image is a 16-bit image. At this time, a layer separator 401

receives, as inputs, images corresponding to these pieces of pixel depth information.

That is, the base layer coding mode determining unit 102 to the base layer integrating

encoding unit 110 encode the most significant 8-bit image. The enhancement layer

coding mode determining unit 111 to the enhancement layer integrating encoding unit

120 encode the most significant 14-bit image. However, the enhancement layer second

encoding unit 119 encodes a 6-bit image including the most significant 9-th bit to the



14-th bit. Further, the enhancement layer coding mode determining unit 4 11 to the in

tegrating encoding unit 420 encode the most significant 16-bit image. However, the en

hancement layer second encoding unit 419 encodes a 2-bit image including the most

significant 15-th bit and the 16-th bit.

[0106] As described above, the number of enhancement layers may be increased as

necessary. To encode more enhancement layers, it is clear that adding units from an

enhancement layer coding mode determining unit to an enhancement layer integrating

encoding unit makes it possible to handle more layers. Pixel depth information in the

first embodiment is not limited to that described above. Also, pixel depth information

may be individually set for the I_PCM coding mode. Accordingly, it is possible to set,

in the I_PCM coding mode, pixel depth information different from that of a block in

other coding modes.

Second Embodiment
[0107] Hereinafter, a second embodiment of the present invention will be described using

Fig. 5. Fig. 5 is a block diagram illustrating the configuration of an image decoding

apparatus according to the second embodiment.

[0108] Referring to Fig. 5, a terminal 500 is an input terminal that inputs an image to the

interior of the image decoding apparatus according to the second embodiment. It is

assumed that a bit stream to be decoded in the second embodiment is generated by the

image encoding apparatus according to the first embodiment.

[0109] A layer code decoder/separator 501 decodes each piece of header information of the

bit stream input from the terminal 500, separates the code of individual layers, and

outputs the code to a subsequent stage. In the second embodiment, the layer code

decoder/separator 501 outputs the code of the individual layers to a base layer

decoding section that decodes base layer code and an enhancement layer decoding

section that decodes enhancement layer code.

[01 10] A base layer integrating decoding unit 502 receives, as an input, a bit stream of a

base layer from the layer code decoder/separator 501, and decodes the header in

formation of the input bit stream of the base layer. The base layer integrating decoding

unit 502 also separates the picture data of the bit stream, in units of blocks, into coding

mode code of the base layer, base layer predictive coding pixel information, and base

layer I_PCM pixel information. The base layer integrating decoding unit 502 further

outputs the separated coding mode code of the base layer to a base layer coding mode

decoding unit 503, and the base layer predictive coding pixel information and the base

layer I_PCM pixel information to a selector 504.

[0111] The base layer coding mode decoding unit (base layer coding mode obtaining unit)

503 generates a coding mode by decoding the coding mode code of the base layer,

which is input from the base layer integrating decoding unit 502. The base layer coding



mode decoding unit 503 outputs the generated coding mode to a subsequent stage.

[0112] The selector 504 selects an output destination of the base layer predictive coding

pixel information, on the basis of the output of the base layer coding mode decoding

unit 503. If the output of the base layer coding mode decoding unit 503 is other than

the I_PCM coding mode, the selector 504 selects a base layer first decoding unit 505 as

the output destination. If the output of the base layer coding mode decoding unit 503 is

the I_PCM coding mode, the selector 504 selects a base layer second encoding unit

506 as the output destination of the base layer I_PCM pixel information.

[0113] The base layer first decoding unit 505 receives, as an input, the base layer predictive

coding pixel information separated by the base layer integrating decoding unit 502, via

the selector 504, and decodes the base layer predictive coding pixel information. The

base layer first decoding unit 505 obtains a quantization coefficient of a prediction

error by decoding quantization coefficient code included in the base layer predictive

coding pixel information. The base layer first decoding unit 505 further outputs the

obtained quantization coefficient to a base layer image reconstruction unit 507.

[01 14] The base layer second encoding unit 506 receives, as an input, the base layer I_PCM

pixel information separated by the base layer integrating decoding unit 502, via the

selector 504, and performs uncompressed decoding of the base layer I_PCM pixel in

formation. The base layer second encoding unit 506 outputs, as a base layer image, an

n-bit image regenerated by decoding the base layer I_PCM pixel information, to a

subsequent stage.

[0115] The base layer image reconstruction unit 507 regenerates a prediction error by

performing dequantization and inverse orthogonal transformation of the quantization

coefficient input from the base layer first decoding unit 505. The base layer image re

construction unit 507 receives, as inputs, the regenerated prediction error, the base

layer image regenerated by the base layer second encoding unit 506, and the coding

mode generated by the base layer coding mode decoding unit 503, and regenerates a

decoded image as a base layer image.

[0116] A terminal 508 outputs the base layer image regenerated by the base layer image re

construction unit 507 to the outside of the image decoding apparatus.

[0117] An enhancement layer integrating decoding unit 510 receives, as an input, a bit

stream of an enhancement layer from the layer code decoder/separator 501. The en

hancement layer integrating decoding unit 510 separates the picture data of the bit

stream, in units of blocks, into coding mode code of the enhancement layer, en

hancement layer predictive coding pixel information, and enhancement layer I_PCM

pixel information, and outputs the coding mode code of the enhancement layer, the en

hancement layer predictive coding pixel information, and the enhancement layer

I_PCM pixel information to a subsequent stage.



[0118] An enhancement layer coding mode decoding unit (enhancement layer coding mode

obtaining unit) 511 generates a coding mode by decoding the coding mode code of the

enhancement layer, which is input from the enhancement layer integrating decoding

unit 510.

[01 19] A selector 512 selects an output destination on the basis of the output of the en

hancement layer coding mode decoding unit 5 11. If the output of the enhancement

layer coding mode decoding unit 511 is other than the I_PCM coding mode, the

selector 512 selects an enhancement layer first decoding unit 513 as the output des

tination of the enhancement layer predictive coding pixel information. If the output of

the enhancement layer coding mode decoding unit 511 is the I_PCM coding mode, the

selector 512 selects an enhancement layer second encoding unit 514 as the output des

tination of the enhancement layer I_PCM pixel information.

[0120] The enhancement layer first decoding unit 513 receives, as an input, the enhancement

layer predictive coding pixel information separated by the enhancement layer in

tegrating decoding unit 510, via the selector 512, and decodes the enhancement layer

predictive coding pixel information. The enhancement layer first decoding unit 513

obtains a quantization coefficient of a prediction error by decoding quantization co

efficient code included in the enhancement layer predictive coding pixel information.

The enhancement layer first decoding unit 513 further outputs the obtained quan

tization coefficient to an enhancement layer image reconstruction unit 515.

[0121] The enhancement layer second encoding unit 514 receives, as an input, the en

hancement layer I_PCM pixel information separated by the enhancement layer in

tegrating decoding unit 510, via the selector 512, and performs uncompressed

decoding of the enhancement layer I_PCM pixel information. The enhancement layer

second encoding unit 514 outputs, as an enhancement layer image, an (m-n)-bit image

regenerated by decoding the enhancement layer I_PCM pixel information, to a

subsequent stage.

[0122] The enhancement layer image reconstruction unit 515 regenerates a prediction error

by performing dequantization and inverse orthogonal transformation of the quan

tization coefficient input from the enhancement layer first decoding unit 513. The en

hancement layer image reconstruction unit 515 receives, as inputs, the regenerated

prediction error, the base layer image regenerated by the base layer image recon

struction unit 507, the enhancement layer image regenerated by the enhancement layer

second encoding unit 514, and the coding mode generated by the enhancement layer

coding mode decoding unit 511. The enhancement layer image reconstruction unit 515

regenerates a decoded image as an enhancement layer image.

[0123] A terminal 516 outputs the enhancement layer image regenerated by the en

hancement layer image reconstruction unit 515 to the outside of the image decoding



apparatus.

[0124] An image decoding method performed by the above-described image decoding

apparatus will be described below. Referring to Fig. 5, the image decoding apparatus

according to the second embodiment outputs a bit stream input to the terminal 500 to

the layer code decoder/separator 501. The layer code decoder/separator 501 decodes

each piece of header information. The header information includes pixel depth in

formation of a base layer and pixel depth information of an enhancement layer. By

decoding these pieces of pixel depth information, the layer code decoder/separator 501

regenerates pixel depth information, which is n bits, of the base layer, and pixel depth

information, which is m bits, of the enhancement layer. The layer code decoder/

separator 501 further outputs a bit stream of the base layer to the base layer integrating

decoding unit 502, and outputs a bit stream of the enhancement layer to the en

hancement layer integrating decoding unit 510.

[0125] Firstly, decoding base layer code will be described.

[0126] The base layer integrating decoding unit 502 decodes the header information of the

bit stream of the base layer, which is input from the layer code decoder/separator 501,

and divides the picture data of the bit stream into code in units of blocks. The base

layer integrating decoding unit 502 further separates coding mode code from the

divided code, and outputs the separated coding mode code to the base layer coding

mode decoding unit 503. The base layer integrating decoding unit 502 also outputs the

remaining quantization coefficient code or I_PCM code to the selector 504.

[0127] The base layer coding mode decoding unit 503 generates a coding mode by decoding

the coding mode code input from the base layer integrating decoding unit 502. The

base layer coding mode decoding unit 503 outputs the generated coding mode to the

selector 504, the base layer first decoding unit 505, and the base layer image recon

struction unit 507. To simplify the description, like the first embodiment, the second

embodiment assumes that the coding mode generated by the base layer coding mode

decoding unit 503 is one of the following decoding modes. That is, the coding mode

generated by the base layer coding mode decoding unit 503 is any of the intra coding

mode using intra prediction, the inter coding mode using inter prediction that performs

motion compensation, and the I_PCM coding mode performing uncompressed coding.

[0128] Firstly, the case in which the base layer coding mode decoding unit 503 generates a

mode other than the I_PCM decoding mode will be described.

[0129] On the basis of the output of the base layer coding mode decoding unit 503, the

selector 504 outputs the base layer predictive coding pixel information, input from the

base layer integrating decoding unit 502, to the base layer first decoding unit 505.

[0130] The base layer first decoding unit 505 receives, as an input, the base layer predictive

coding pixel information separated by the base layer integrating decoding unit 502, via



the selector 504, and decodes the base layer predictive coding pixel information. The

base layer first decoding unit 505 decodes coding control information, such as the

coding mode or the motion vector necessary for prediction, included in the input base

layer predictive coding pixel information. The base layer first decoding unit 505

generates a quantization coefficient of a prediction error by decoding quantization co

efficient code included in the input base layer predictive coding pixel information. The

base layer first decoding unit 505 further outputs the generated quantization coefficient

to the base layer image reconstruction unit 507.

[0131] The base layer image reconstruction unit 507 regenerates a prediction error by

performing dequantization and inverse orthogonal transformation of the quantization

coefficient input from the base layer first decoding unit 505. In accordance with the

coding mode generated by the base layer coding mode decoding unit 503, the base

layer image reconstruction unit 507 further obtains a regenerated image from the re

generated prediction error and the decoded image stored in the base layer image recon

struction unit 507. At this time, the base layer image reconstruction unit 507 can

generate a regenerated image by referring to the decoded image, stored in the base

layer image reconstruction unit 507, as a predicted value, and adding the decoded

image serving as a predicted value to the regenerated prediction error. The base layer

image reconstruction unit 507 further outputs the generated regenerated image to the

outside of the image decoding apparatus via the terminal 508, and stores the re

generated image in the base layer image reconstruction unit 507 for future reference.

[0132] Next, the case in which the base layer coding mode decoding unit 503 generates the

I_PCM coding mode will be described.

[0133] The selector 504 outputs the base layer I_PCM pixel information, which is a target of

decoding, input from the base layer integrating decoding unit 502, to the base layer

second encoding unit 506.

[0134] The base layer second encoding unit 506 regenerates each pixel value from I_PCM

code included in the base layer I_PCM pixel information input from the selector 504,

and outputs each pixel value to the base layer image reconstruction unit 507.

[0135] Since each pixel value input from the base layer second encoding unit 506 is a

decoded image itself, the base layer image reconstruction unit 507 outputs each pixel

value, input from the base layer second encoding unit 506, as a regenerated image to

the outside of the image decoding apparatus via the terminal 508. The base layer image

reconstruction unit 507 further stores the regenerated image in the base layer image re

construction unit 507 for future reference.

[0136] Next, decoding enhancement layer code will be described.

[0137] The enhancement layer integrating decoding unit 510 decodes the header information

of the bit stream of the enhancement layer, which is input from the layer code decoder/



separator 501, and divides the picture data of the bit stream into code in units of

blocks. The enhancement layer integrating decoding unit 510 separates coding mode

code from the divided code, and outputs the separated coding mode code to the en

hancement layer coding mode decoding unit 511. The enhancement layer integrating

decoding unit 510 also outputs the remaining quantization coefficient code or I_PCM

code to the selector 512.

[0138] The enhancement layer coding mode decoding unit 511 generates a coding mode by

decoding the coding mode code input from the enhancement layer integrating decoding

unit 510. The enhancement layer coding mode decoding unit 511 outputs the generated

coding mode to the selector 512, the enhancement layer first decoding unit 513, and

the enhancement layer image reconstruction unit 515. To simplify the description, like

the first embodiment, the second embodiment assumes that the coding mode generated

by the enhancement layer coding mode decoding unit 511 is one of the following

decoding modes. That is, the coding mode generated by the enhancement layer coding

mode decoding unit 511 is any of the intra coding mode using intra prediction, the

inter-layer coding mode referring to the base layer image, and the I_PCM coding mode

performing uncompressed coding.

[0139] Firstly, the case in which the enhancement layer coding mode decoding unit 511

generates a mode other than the I_PCM decoding mode will be described.

[0140] On the basis of the output of the enhancement layer coding mode decoding unit 511,

the selector 512 outputs the enhancement layer predictive coding pixel information,

input from the enhancement layer integrating decoding unit 510, to the enhancement

layer first decoding unit 513.

[0141] The enhancement layer first decoding unit 513 receives, as an input, the enhancement

layer predictive coding pixel information separated by the enhancement layer in

tegrating decoding unit 510, via the selector 512, and decodes the enhancement layer

predictive coding pixel information. The enhancement layer first decoding unit 513

decodes coding control information, such as the coding mode code or information

relating to reference to the base layer image, necessary for prediction, included in the

input enhancement layer predictive coding pixel information. The enhancement layer

first decoding unit 513 generates a quantization coefficient of a prediction error by

decoding quantization coefficient code included in the input enhancement layer

predictive coding pixel information. The enhancement layer first decoding unit 513

further outputs the generated quantization coefficient to the enhancement layer image

reconstruction unit 515.

[0142] The enhancement layer image reconstruction unit 515 regenerates a prediction error

by performing dequantization and inverse orthogonal transformation of the quan

tization coefficient input from the enhancement layer first decoding unit 513. In ac-



cordance with the coding mode input from the enhancement layer coding mode

decoding unit 511, the enhancement layer image reconstruction unit 515 further

calculates a predicted value. The enhancement layer image reconstruction unit 515 also

calculates a predicted value by referring to the decoded image stored in the en

hancement layer image reconstruction unit 515 and the base layer image stored in the

base layer image reconstruction unit 507. The enhancement layer image reconstruction

unit 515 obtains a regenerated image by adding the predicted value calculated as above

and the regenerated prediction error. The enhancement layer image reconstruction unit

515 further outputs the generated regenerated image to the outside of the image

decoding apparatus via the terminal 516, and stores the regenerated image in the en

hancement layer image reconstruction unit 515 for future reference.

[0143] A detailed process performed by the enhancement layer image reconstruction unit

515 when the enhancement layer coding mode decoding unit 511 generates a mode

other than the I_PCM coding mode will be described using Fig. 2. Referring to Fig. 2,

the terminal 200 receives, as an input, an 8-bit image to be referred to, from the base

layer image reconstruction unit 507. The terminal 201 receives, as an input, the quan

tization coefficient of the prediction error from the enhancement layer first decoding

unit 513. The terminal 202 receives, as an input, an (m-n)-bit, that is, 6-bit image from

the enhancement layer image reconstruction unit 515. The terminal 203 receives, as an

input, the coding mode from the enhancement layer coding mode decoding unit 511.

The shifting unit 204 shifts the pixel value of the image, input from the base layer

image reconstruction unit 507 via the terminal 200, 6 bits to the left. The selector 206

and the selector 207 select their input destinations in accordance with the coding mode

input from the enhancement layer coding mode decoding unit 511 via the terminal 203.

The adder 208 adds the inputs from the selector 206 and the selector 207 and outputs

the added result to the frame memory 209. The frame memory 209 stores therein a

locally decoded image in order to refer to the images input from the selector 206 and

the selector 207. The terminal 210 outputs the locally decoded image, stored in the

frame memory 209, to the outside of the image decoding apparatus via the terminal

516.

[0144] In the above-described configuration, the terminal 203 receives, as an input, the

coding mode from the enhancement layer coding mode decoding unit 511.

[0145] If the coding mode input to the terminal 203 is the intra coding mode, the selector

206 sets the locally decoded image, stored in the frame memory 209, to be output as a

predicted image to the adder 208. Also in this case, the selector 207 sets the prediction

error, regenerated by the de-quantization/inverse transformation unit 205, to be output

to the adder 208. Then, the de-quantization/inverse transformation unit 205 receives, as

an input, the quantization coefficient of the prediction error, obtained by intra



prediction, from the enhancement layer first decoding unit 513 via the terminal 201,

and regenerates the input quantization coefficient as a prediction error. The de-

quantization/inverse transformation unit 205 outputs the regenerated prediction error to

the adder 208 via the selector 207. The selector 206 also outputs the locally decoded

image, input from the frame memory 209, to the adder 208. The adder 208 generates a

decoded image by adding the locally decoded image input from the selector 206 and

the prediction error input from the selector 207, and stores the decoded image in a

certain region of the frame memory 209. The frame memory 209 further outputs the

decoded image, generated by the adder 208, to the outside of the image decoding

apparatus via the terminal 210 and further via the terminal 516 illustrated in Fig. 5.

[0146] If the coding mode input to the terminal 203 is the inter-layer coding mode, the

selector 206 receives, as an input, the image from the shifting unit 204 and sets the

image to be output to the adder 208. Also in this case, the selector 207 sets the

prediction error, regenerated by the de-quantization/inverse transformation unit 205, to

be output to the adder 208. Then, the de-quantization/inverse transformation unit 205

receives, as an input, the quantization coefficient of the prediction error, obtained by

inter-layer prediction, from the enhancement layer first decoding unit 513 via the

terminal 201, and regenerates the input quantization coefficient as a prediction error.

The de-quantization/inverse transformation unit 205 outputs the regenerated prediction

error to the adder 208 via the selector 207. Also, the shifting unit 204 receives, as an

input, the 8-bit reference image, stored in the base layer image reconstruction unit 507

illustrated in Fig. 5, via the terminal 200. The shifting unit 204 shifts the input

reference image 6 bits to the left, embeds 0s to the least significant 6 bits, and

generates a 14-bit image. The shifting unit 204 further outputs the generated 14-bit

image to the adder 208 via the selector 206. The adder 208 regenerates a locally

decoded image by adding the image input from the selector 206 and the prediction

error input from the selector 207, and outputs the regenerated locally decoded image to

the frame memory 209. The frame memory 209 stores the locally decoded image, re

generated by the adder 208, in a certain region. The frame memory 209 further outputs

the decoded image, regenerated by the adder 208, to the outside of the image decoding

apparatus via the terminal 210 and further via the terminal 516 illustrated in Fig. 5.

[0147] Next, the case in which the enhancement layer coding mode decoding unit 511

generates the I_PCM coding mode will be described.

[0148] On the basis of the output of the enhancement layer coding mode decoding unit 511,

the selector 512 outputs the enhancement layer I_PCM pixel information, input from

the enhancement layer integrating decoding unit 510, to the enhancement layer second

encoding unit 514.

[0149] The enhancement layer second encoding unit 514 decodes the I_PCM code included



in the enhancement layer I_PCM pixel information input from the selector 512, re

generates the (m-n)-bit image as an enhancement layer image, and outputs the en

hancement layer image to the enhancement layer image reconstruction unit 515.

[0150] The enhancement layer image reconstruction unit 515 regenerates a decoded image

on the basis of the coding mode input from the enhancement layer coding mode

decoding unit 511. The enhancement layer image reconstruction unit 515 also re

generates a decoded image by referring to the 6-bit image input from the enhancement

layer second encoding unit 514 and the 8-bit base layer image stored in the base layer

image reconstruction unit 507. The enhancement layer image reconstruction unit 515

further outputs the regenerated decoded image to the outside of the image decoding

apparatus via the terminal 516, and stores the decoded image in the enhancement layer

image reconstruction unit 515 for future reference.

[0151] A detailed process performed by the enhancement layer image reconstruction unit

515 when the enhancement layer coding mode decoding unit 511 generates the I_PCM

coding mode will be described using Fig. 2. Referring to Fig. 2, the terminal 202

receives, as an input, a 6-bit image from the enhancement layer second encoding unit

514. The terminal 203 receives, as an input, the I_PCM coding mode from the en

hancement layer coding mode decoding unit 5 11. At this time, the selector 206 selects

its input destination as the shifting unit 204, and the selector 207 selects its input des

tination as the terminal 202. The shifting unit 204 receives, as an input, the 8-bit

reference image, stored in the base layer image reconstruction unit 507, via the

terminal 200. The shifting unit 204 shifts the input 8-bit image 6 bits to the left,

embeds 0s to the least significant 6 bits, and generates a 14-bit image. The shifting unit

204 further outputs the generated 14-bit image to the adder 208 via the selector 206. In

contrast, the selector 207 receives, as an input, the 6-bit image, regenerated by the en

hancement layer second encoding unit 514, via the terminal 202, and outputs the image

to the adder 208. The adder 208 regenerates a decoded image by adding the inputs

from the selector 206 and the selector 207, and outputs the decoded image to the frame

memory 209. The frame memory 209 stores the decoded image, input from the adder

208, in a certain region, and outputs the regenerated decoded image to the outside of

the image decoding apparatus via the terminal 210 and the terminal 516.

[0152] Fig. 6 is a flowchart illustrating an image decoding process performed by the image

decoding apparatus according to the second embodiment.

[0153] In step S600, the image decoding apparatus according to the second embodiment

receives, as an input, a bit stream to be decoded, from the terminal 500 illustrated in

Fig. 5.

[0154] In step S601, the image decoding apparatus according to the second embodiment

decodes a header representing the entire sequence, and obtains information indicating



whether the bit stream input from the terminal 500 has been subjected to bit-depth

scalable coding (bitdepth_enhancement_flag). If this information is 1, it is indicated

that an enhancement layer is an enhancement layer of bit-depth layering. If this in

formation is 0, it is indicated that an enhancement layer is an enhancement layer of

other layering. Further, the image decoding apparatus according to the second em

bodiment decodes a header representing information of the base layer and a header

representing information of the enhancement layer, and regenerates pieces of pixel

depth information indicting the bit depth of the individual layers. Here, the regenerated

pixel depth information of the base layer is base_layer_bit_depth, and the regenerated

pixel depth information of the enhancement layer is enhancement_layer_bit_depth.

[0155] In step S602, the layer code decoder/separator 501 extracts code relating to a to-

be-decoded block of the base layer from the bit stream, and outputs the code to the

base layer integrating decoding unit 502.

[0156] In step S603, the base layer integrating decoding unit 502 extracts coding mode code

of the block, from the code relating to the block of the base layer, input from the layer

code decoder/separator 501. The base layer integrating decoding unit 502 generates a

coding mode by decoding the extracted coding mode code.

[0157] In step S604, the selector 504 determines whether the coding mode of the block of

the base layer, generated in step S603, is the I_PCM coding mode. If the coding mode

of the block is the I_PCM coding mode, the process proceeds to step S605; otherwise,

the process proceeds to step S606.

[0158] In step S605, the base layer second encoding unit 506 extracts the I_PCM code

subsequent to the coding mode code, from the code relating to the block of the base

layer, input from the base layer integrating decoding unit 502 via the selector 504, and

regenerates the value of each n-bit pixel.

[0159] In step S606, the base layer first decoding unit 505 decodes coding control in

formation, such as the coding mode or the motion vector necessary for prediction,

decodes the subsequent quantization coefficient code, and regenerates a quantization

coefficient of a prediction error.

[0160] In step S607, the base layer image reconstruction unit 507 regenerates a prediction

error by performing dequantization and inverse orthogonal transformation of the quan

tization coefficient regenerated in step S606.

[0161] In step S608, the base layer image reconstruction unit 507 obtains the pixel value re

generated in step S605 as a regenerated image. Alternatively, the base layer image re

construction unit 507 regenerates a pixel value by adding the prediction error re

generated in step S607 to a predicted value generated using the coding information re

generated in step S606, and obtains this pixel value as a regenerated image. The base

layer image reconstruction unit 507 stores the regenerated pixel value as a regenerated



image.

[0162] In step S609, the layer code decoder/separator 501 extracts code relating to a to-

be-decoded block of the enhancement layer from the bit stream, and outputs the code

to the enhancement layer integrating decoding unit 510.

[0163] In step S610, the enhancement layer integrating decoding unit 510 extracts coding

mode code of the block of the enhancement layer, from the code relating to the block,

input from the layer code decoder/separator 501. The enhancement layer integrating

decoding unit 510 generates a coding mode by decoding the extracted coding mode

code.

[0164] In step S61 1, the selector 512 determines whether the coding mode of the block of

the enhancement layer, generated in step S610, is the I_PCM coding mode. If the

coding mode of the block is the I_PCM coding mode, the process proceeds to step

S612; otherwise, the process proceeds to step S613.

[0165] In step S612, the enhancement layer second encoding unit 514 extracts the I_PCM

code subsequent to the coding mode code, from the code relating to the block of the

enhancement layer, input from the enhancement layer integrating decoding unit 510

via the selector 512, and regenerates the value of each (m-n)-bit pixel.

[0166] In step S613, the enhancement layer first decoding unit 513 decodes coding control

information, such as the coding mode or the motion vector necessary for prediction,

decodes the subsequent quantization coefficient code, and regenerates a quantization

coefficient of a prediction error.

[0167] In step S614, the enhancement layer image reconstruction unit 515 regenerates a

prediction error by performing dequantization and inverse orthogonal transformation

of the quantization coefficient regenerated in step S613.

[0168] In step S615, the enhancement layer image reconstruction unit 515 regenerates a

pixel value by adding a pixel value obtained by shifting the n-bit pixel value of the

base layer, which is at the same pixel position as the (m-n)-bit pixel value regenerated

in step S612, (m-n) bits to the left. Alternatively, the enhancement layer image recon

struction unit 515 regenerates a pixel value by adding the prediction error regenerated

in step S614 to a predicted value generated using the coding information regenerated in

step S613. The enhancement layer image reconstruction unit 515 stores the regenerated

pixel value as a regenerated image.

[0169] In step S616, the image decoding apparatus according to the second embodiment de

termines whether the process of decoding all the blocks of the bit stream input from the

terminal 500 is completed. If the process on all the blocks of the input bit stream is

completed, the decoding process ends. If the process is not completed, the process

returns to step S602, and the decoding process continues on the next block as a to-

be-processed block.



[0170] Table 1 describes the operation of the image decoding apparatus according to the

above-described second embodiment in accordance with the format of the H.264

standard.

[0171] [Table 1]

Table 1

In Table 1, macroblock_layer_in_scalable_extension( ) represents decoding of a

block of the enhancement layer image. InCropWindow( CurrMbAddr ) indicates that ;

to-be-decoded block indicated by the address CurrMbAddr is inside a decoded image.

adaptive_base_mode_flag is a flag described in "G.7.4.3.4 Slice header in scalable

extension semantics" of NPL 1. base_mode_flag is described in "G.7.4.6 Macroblock

layer in scalable extension semantics" of NPL 1. This flag is a flag that represents



whether a block of the enhancement layer image and a block of the base layer image

have the same coding mode or the like. With pcm_alignment_zero_bit, a bit that equals

0 is filled up to the byte boundary.

[0173] If bitdepth_enhancmenet_flag is 0, the 10th to 13th lines of

macroblock_layer_in_scalable_extension( ) represent decoding of an m-bit I_PCM

coded image represented by the enhancement layer. That is, pcm_sample_luma[ i ]

does not represent I_PCM code of the number of differential bits, but represents

I_PCM code of the m-bit luma. From this I_PCM code, the pixel value of luma of the

m-bit base layer image, corresponding to the block, is regenerated. Similarly,

pcm_sample_chroma[ i ] represents I_PCM code of chroma. From this I_PCM code,

the m-bit pixel value of chroma, corresponding to the block, is regenerated.

[0174] If bitdepth_enhancmenet_flag is 1, the 15th to 22nd lines of

macroblock_layer_in_scalable_extension( ) represent decoding of a differential-

number-of-bit I_PCM coded image of the enhancement layer.

pcm_sample_luma_value represents I_PCM code of luma of the enhancement layer

image. From this I_PCM code, the (m-n)-bit pixel value of luma, corresponding to the

block, is regenerated. Similarly, pcm_sample_chroma_value represents I_PCM code of

chroma. From this I_PCM code, the (m-n)-bit pixel value of chroma, corresponding to

the block, is regenerated. This (m-n) is represented as number_of_bit_depth. A c

cordingly, regarding the regenerated pixel value of the enhancement layer image, the

luma is calculated by the following equation.

[0175] pcm_sample_luma[ i ] = (pcm_sample_luma[ i ] « number_of_bit_depth) +

pcm_sample_luma_value ...(1)

where « represents an arithmetic operation that shifts bits the number of bits

indicated by the value thereafter to the left and fills 0s. Similarly, the chroma is

calculated by the following equation.

[0176] pcm_sample_chroma[ i ] = (pcm_sample_chroma[ i ] « number_of_bit_depth) +

pcm_sample_chroma_value ...(2)

In this manner, the image decoding apparatus according to the second embodiment

regenerates a decoded image of the enhancement layer.

[0177] Although Table 1 uses bitdepth_enhamcnent_flag, this may be omitted. Table 2

indicates that case. Table 2 is different from Table 1 in the 9th line. That is, in Table 2,

determination is performed by comparing base_layer_bit_depth and en-

hancement_layer_bit_depth included in header information. In Table 2, if en-

hancement_layer_bit_depth is greater than base_layer_bit_depth, the enhancement

layer image is code of the number of differential bits.

[0178]



[Table 2]

Table 2

With the above configuration and operation, decoding code that has been subjected

to scalable coding (hereinafter referred to as "scalable code") in the I_PCM coding

mode makes it possible to decode code in which the code is separated into the base

layer image and an image including the least significant bits excluding bits represented

in the base layer and these images are individually encoded. Further, layered decoding

of the scalable code becomes possible also in the I_PCM coding mode which performs

uncompressed coding. Also, even in a bit stream in which the number of bits of an

image is reduced by encoding an image including bits lower in the order than the base

layer, the same image quality as that in the case where the number of bits is not



reduced can be achieved.

[0180] Although the base layer and one enhancement layer are described in the second em

bodiment, the number of layers is not limited to this case. For example, a configuration

illustrated in Fig. 7 may be adopted. An image decoding apparatus illustrated in Fig. 7

is a configuration obtained by adding an enhancement layer integrating decoding unit

710 to a terminal 716 to the image decoding apparatus illustrated in Fig. 5.

[0181] For example, it is assumed that a bit stream input to the image decoding apparatus

uses 16 bits per pixel value at maximum, a base layer uses 8 bits, an enhancement layer

thereafter uses 14 bits, and the last enhancement layer uses 16 bits. At this time, the

layer code decoder/separator 501 inputs the bit stream with these layers to respective

layers. The base layer integrating decoding unit 502 and onward decode the most sig

nificant 8 bit-image. The enhancement layer integrating decoding unit 510 and onward

decode the most significant 14-bit image. At this time, the enhancement layer second

encoding unit 514 decodes a 6-bit image including the most significant 9-th bit to the

14-th bit. At last, the enhancement layer integrating decoding unit 710 and onward

decode the most significant 16-bit image. At this time, the enhancement layer second

encoding unit 714 decodes a 2-bit image including the most significant 15-th bit and

the 16-th bit.

[0182] As described above, it is clear that adding units from an enhancement layer in

tegrating decoding unit to an enhancement layer image reconstruction unit makes it

possible to handle more layers. Also, the bit depths in the second embodiment are not

limited to those described above. Also, the second embodiment is not limited to the

encoding and decoding formats described in Tables 1 and 2.

[0183] Although pixel depth information in the I_PCM coding mode is pixel depth in

formation in which the luma is the same as the chroma, the luma and the chroma may

take different values, as described above.

[0184] Although it has been described that processing from the 10th to 13th lines is

performed when base_layer_bit_depth is equal to enhancement_layer_bit_depth in the

9th line of Table 2, the second embodiment is not limited to this case. For example,

when base_layer_bit_depth is equal to enhancement_layer_bit_depth, the I_PCM code

may be omitted, and the value of the base layer image may be used as it is.

Third Embodiment
[0185] Hereinafter, a third embodiment of the present invention will be described using Fig.

9. Fig. 9 is a block diagram illustrating the configuration of an image encoding

apparatus according to the third embodiment.

[0186] In Fig. 9, blocks that serve the same functions as those illustrated in Fig. 1 according

to the first embodiment are given the same numerals, and descriptions thereof are

omitted.



[0187] An enhancement layer coding mode determining unit 9 11 is different from the en

hancement layer coding mode determining unit 111 illustrated in Fig. 1 in the point

that the enhancement layer encoding mode determining unit 911 receives, as an input,

the result of the base layer coding mode determining unit 102.

[0188] An image encoding operation performed by the image encoding apparatus will be

described below. As in the first embodiment, the base layer coding mode determining

unit 102 determines the coding mode of a to-be-encoded block. Also in the third em

bodiment, the coding mode determined by the base layer coding mode determining

unit 102 is any of the intra coding mode, the inter coding mode, and the I_PCM coding

mode. However, the present invention is not limited to this case. The coding mode de

termined by the base layer coding mode determining unit 102 is input to the en

hancement layer coding mode determining unit 911, besides the output destinations in

the first embodiment. Thereafter, a base layer image is encoded, as in the first em

bodiment.

[0189] Next, encoding of an enhancement layer image will be described. The enhancement

layer coding mode determining unit 911 determines the coding mode of a to-

be-encoded block of an enhancement layer, on the basis of the coding mode of the base

layer of an input image input to the image encoding apparatus according to the third

embodiment. To simplify the description, as in the first embodiment, the third em

bodiment assumes that the coding mode is any of the intra coding mode, the inter

coding mode, the inter-layer coding mode, and the I_PCM coding mode. If the output

from the base layer coding mode determining unit 102 is the I_PCM coding mode, the

enhancement layer coding mode determining unit 911 determines the I_PCM coding

mode as the coding mode of the to-be-encoded block of the enhancement layer image.

If the output from the base layer coding mode determining unit 102 is a mode other

than the I_PCM coding mode, the enhancement layer coding mode determining unit

911 determines the coding mode of the enhancement layer on the basis of, for example,

a feature amount of the block of the enhancement layer image, the result of estimation

of the amount of coding, or the like.

[0190] Further, as in the enhancement layer coding mode determining unit 111 of the first

embodiment, the enhancement layer coding mode determining unit 911 outputs the de

termined coding mode to a subsequent stage. That is, the enhancement layer coding

mode determining unit 911 outputs the determined coding mode to the selector 112,

the prediction unit 113, the transformation/quantization unit 114, the enhancement

layer coding mode encoding unit 117, and the enhancement layer image reconstruction

unit 116.

[0191] The enhancement layer coding mode encoding unit 117 generates coding mode code

by encoding the coding mode input from the enhancement layer coding mode de-



termining unit 911, and outputs the coding mode code to the enhancement layer in

tegrating encoding unit 120. Thereafter, as in the first embodiment, the enhancement

layer image is encoded in accordance with the coding mode determined by the en

hancement layer coding mode determining unit 911.

[0192] Fig. 10 is an image encoding process performed by the image encoding apparatus

according to the third embodiment. In Fig. 10, steps that serve the same functions as

those illustrated in Fig. 3 according to the first embodiment are given the same

numerals, and descriptions thereof are omitted.

[0193] In steps S300 and S301, an image is input to the image encoding apparatus according

to the third embodiment, and header information of the input image is encoded. Next,

in steps S302 to S3 10, a block of a base layer image is encoded.

[0194] In step SI001, the enhancement layer coding mode determining unit 911 determines

whether the coding mode of block of the base layer image, determined in step S304, is

the I_PCM coding mode. If the coding mode of the block of the base layer image is the

I_PCM coding mode, the process proceeds to step S3 13; otherwise, the process

proceeds to step S3 11.

[0195] Thereafter, in steps S31 1 to S3 17, a block of an enhancement layer image is encoded.

[0196] In particular, the third embodiment is characteristic in the point that, if the coding

mode determined by the base layer coding mode determining unit 102 is referred to

and the coding mode is the I_PCM coding mode in step SI001, the I_PCM coding

mode is similarly regarded as the coding mode of the enhancement layer.

[0197] The configuration of a bit stream generated by the image encoding apparatus

according to the third embodiment is the same as that illustrated in Figs. 8A and 8B.

However, the contents of the coding mode code in the enhancement layer I_PCM pixel

information are different. Therefore, a bit stream generated by the image encoding

apparatus according to the third embodiment can be decoded by the image decoding

apparatus described in the second embodiment. In this case, referring to Fig. 6, step

S61 1 proceeds to step S612 if the coding mode of the block of the base layer image is

the I_PCM coding mode in step S604.

[0198] With the above configuration and operation, scalable coding can facilitate the deter

mination of the coding mode of the enhancement layer by determining the coding

mode of the enhancement layer as the I_PCM coding mode in the case where the

coding mode of the base layer is the I_PCM coding mode. As a result, the speed of

processing can be increased. In general, the I_PCM coding mode is used in an image in

which improvement of the coding efficiency is unrealizable in predictive coding. For

example, a white noise image is conceivable. That is, the I_PCM coding mode is

selected in the base layer because normal encoding is impossible, and it is highly likely

that the same applies to the enhancement layer including the least significant bits of the



base layer. The third embodiment is based on this idea.

Fourth Embodiment
[0199] Hereinafter, a fourth embodiment of the present invention will be described using

Fig. 11. Fig. 11 is a block diagram illustrating the configuration of an image encoding

apparatus according to the fourth embodiment.

[0200] In Fig. 11, blocks that serve the same functions as those illustrated in Fig. 9

according to the third embodiment are given the same numerals, and descriptions

thereof are omitted.

[0201] An enhancement layer coding mode encoding unit 1117 encodes the coding mode

determined by the enhancement layer coding mode determining unit 911. The en

hancement layer coding mode encoding unit 1117 is different from the enhancement

layer coding mode encoding unit 117 illustrated in Fig. 9 in the point that the en

hancement layer coding mode encoding unit 1117 receives, as an input, the result of

the base layer coding mode determining unit 102.

[0202] An image encoding operation performed by the image encoding apparatus will be

described below. As in the first and third embodiments, the base layer coding mode de

termining unit 102 illustrated in Fig. 11 determines the coding mode of a to-

be-encoded block. Also in the fourth embodiment, the coding mode determined by the

base layer coding mode determining unit 102 is one of the intra coding mode, the inter

coding mode, and the I_PCM coding mode. However, the fourth embodiment is not

limited to this case. Also, the coding mode determined by the base layer coding mode

determining unit 102 is input to the enhancement layer coding mode determining unit

911 and the enhancement layer coding mode encoding unit 1117, besides the output

destinations in the first embodiment. Thereafter, as in the first and third embodiments,

a base layer image is encoded. Next, encoding of an enhancement layer image will be

described.

[0203] The enhancement layer coding mode determining unit 911 determines the coding

mode of a to-be-encoded block of an enhancement layer, on the basis of the coding

mode of the base layer of an input image input to the image encoding apparatus

according to the fourth embodiment, as in the third embodiment. To simplify the de

scription, as in the first embodiment, the fourth embodiment assumes that the coding

mode is any of the intra coding mode, the inter-layer coding mode, and the I_PCM

coding mode. If the output from the base layer coding mode determining unit 102 is

the I_PCM coding mode, the enhancement layer coding mode determining unit 911 de

termines the I_PCM coding mode as the coding mode of the to-be-encoded block of

the enhancement layer image. If the output from the base layer coding mode de

termining unit 102 is a mode other than the I_PCM coding mode, the enhancement

layer coding mode determining unit 911 determines the coding mode of the en-



hancement layer on the basis of, for example, a feature amount of the block of the en

hancement layer image, the result of estimation of the amount of coding, or the like.

[0204] The enhancement layer coding mode encoding unit 1117 receives, as inputs, the

coding mode of the enhancement layer, determined by the enhancement layer coding

mode determining unit 911, and the coding mode of the base layer, determined by the

base layer coding mode determining unit 102. If the input coding mode of the base

layer is a mode other than the I_PCM coding mode, the enhancement layer coding

mode encoding unit 1117 generates coding mode code by encoding these coding

modes, as in the first and third embodiments. The enhancement layer coding mode

encoding unit 1117 outputs the generated coding mode code to the enhancement layer

integrating encoding unit 120. If the input coding mode of the base layer is the I_PCM

coding mode, the enhancement layer coding mode encoding unit 1117 regards that the

coding mode of the enhancement layer is the I_PCM coding mode, and does not

encode the coding mode. Also, the enhancement layer coding mode encoding unit

1117 does not encode base_mode_flag described in Tables 1 and 2. Thereafter, the en

hancement layer image is encoded in accordance with the coding mode, as in the third

embodiment.

[0205] Fig. 12 is a flowchart illustrating an image encoding process performed by the image

encoding apparatus according to the fourth embodiment. In Fig. 12, steps that serve the

same functions as those illustrated in Fig. 3 according to the first embodiment are

given the same numerals, and descriptions thereof are omitted.

[0206] In steps S300 and S301, the image encoding apparatus according to the fourth em

bodiment receives, as an input, an image and encodes header information of the input

image. Next, in steps S302 to S3 10, the image encoding apparatus according to the

fourth embodiment encodes a block of a base layer image.

[0207] In step SI201, the enhancement layer coding mode determining unit 911 determines

whether the coding mode of the block of the base layer image, determined in step

S304, is the I_PCM coding mode. If the coding mode of the block of the base layer

image is the I_PCM coding mode, the process proceeds to step S3 14; otherwise, the

process proceeds to step S3 11.

[0208] Thereafter, in steps S31 1 to S3 17, a block of an enhancement layer image is encoded.

[0209] In particular, the fourth embodiment is characteristic in the point that, if the coding

mode determined by the base layer coding mode determining unit 102 is referred to

and the coding mode is the I_PCM coding mode in step SI201, the I_PCM coding

mode is similarly regarded as the coding mode of the enhancement layer. Further, in

this case, encoding of the coding mode of the enhancement layer in step S3 13 is not

performed.

[0210] Figs. 15A and 15B illustrate bit streams generated as above. Fig. 15A is a diagram il-



lustrating a bit stream of the base layer. The bit stream of the base layer illustrated in

Fig. 15A is the same as the bit stream illustrated in Fig. 8A according to the first em

bodiment. Fig. 15B is a diagram illustrating a bit stream of the enhancement layer. Fig.

15B illustrates three pieces of enhancement layer I_PCM pixel information. Referring

to Fig. 15B, the enhancement layer I_PCM pixel information on the left includes the

coding mode code, as in Fig. 8B, since the coding mode of the base layer is not the

I_PCM coding mode. However, the enhancement layer I_PCM pixel information on

the right in Fig. 15B includes no coding mode code since the coding mode of the base

layer is the I_PCM coding mode.

[021 1] With the above configuration and operation, scalable coding can facilitate the deter

mination of the coding mode of the enhancement layer by determining the coding

mode of the enhancement layer as the I_PCM coding mode in the case where the

coding mode of the base layer is the I_PCM coding mode. As a result, the speed of

encoding processing can be increased. Further, when the coding mode of the base layer

is the I_PCM coding mode, omitting the coding mode code of the enhancement layer

improves the coding efficiency by not sending redundant code. As in the third em

bodiment, the I_PCM coding mode is selected in the base layer because normal

encoding is impossible, and it is highly likely that the same applies to the enhancement

layer including the least significant bits of the base layer. The fourth embodiment is

based on this idea.

Fifth Embodiment
[0212] Hereinafter, a fifth embodiment of the present invention will be described using Fig.

13. Fig. 13 is a block diagram illustrating the configuration of an image decoding

apparatus according to the fifth embodiment.

[0213] In Fig. 13, blocks that serve the same functions as those illustrated in Fig. 5

according to the second embodiment are given the same numerals, and descriptions

thereof are omitted. Also in the fifth embodiment, it is assumed that a bit stream to be

decoded is generated in the fourth embodiment.

[0214] An enhancement layer integrating decoding unit 1310 receives, as inputs, a bit stream

of the enhancement layer, separated by the layer code decoder/separator 501, and the

coding mode of the base layer, decoded by the base layer coding mode decoding unit

503. On the basis of these inputs, the enhancement layer integrating decoding unit

1310 separates the bit stream, in units of blocks, into coding mode code, enhancement

layer predictive coding pixel information, and enhancement layer I_PCM pixel in

formation, and outputs the coding mode code, the enhancement layer predictive coding

pixel information, and the enhancement layer I_PCM pixel information to a subsequent

stage. The enhancement layer integrating decoding unit 1310 is different from the en

hancement layer integrating decoding unit 510 illustrated in Fig. 5 in the point that the



enhancement layer integrating decoding unit 1310 receives, as an input, the coding

mode decoded by the base layer coding mode decoding unit 503. An enhancement

layer coding mode decoding unit 1311 receives, as an input, the coding mode code of

the enhancement layer, and decodes the coding mode. The enhancement layer coding

mode decoding unit 1311 is different from the enhancement layer coding mode

decoding unit 511 illustrated in Fig. 5 in the point that the enhancement layer coding

mode decoding unit 1311 receives, as an input, the coding mode decoded by the base

layer coding mode decoding unit 503.

[0215] An image decoding operation performed by the image decoding apparatus will be

described below.

[0216] Firstly, decoding base layer code will be described.

[0217] As in the second embodiment, the base layer coding mode decoding unit 503

generates a coding mode by decoding the coding mode code included in the bit stream

of the base layer, input from the base layer integrating decoding unit 502. The base

layer coding mode decoding unit 503 outputs the generated coding mode to the en

hancement layer coding mode decoding unit 1311, besides the output destinations in

the second embodiment.

[0218] Thereafter, the base layer code is decoded, as in the second embodiment.

[0219] Next, decoding enhancement layer code will be described.

[0220] The enhancement layer integrating decoding unit 1310 decodes the header in

formation of a bit stream of the enhancement layer, input from the layer code decoder/

separator 501, and divides the picture data of the bit stream into code in units of

blocks.

[0221] If the coding mode of the base layer, decoded by the base layer coding mode

decoding unit 503, is a mode other than the I_PCM coding mode, the enhancement

layer integrating decoding unit 1310 separates coding mode code from the divided

code, as in the second embodiment. Further, the enhancement layer integrating

decoding unit 1310 outputs the separated coding mode code to the enhancement layer

coding mode decoding unit 1311.

[0222] If the coding mode of the base layer, decoded by the base layer coding mode

decoding unit 503, is the I_PCM coding mode, the enhancement layer integrating

decoding unit 1310 determines that the coding mode of the enhancement layer is the

I_PCM coding mode. Therefore, the bit stream of the enhancement layer includes no

coding mode code. That is, the enhancement layer integrating decoding unit 1310

outputs nothing to the enhancement layer coding mode decoding unit 1311.

[0223] Also, if the coding mode of the base layer is the I_PCM coding mode, the en

hancement layer coding mode decoding unit 1311 inputs the fact that the coding mode

is the I_PCM coding mode, regardless of code, to the selector 512, the enhancement



layer first decoding unit 513, and the enhancement layer image reconstruction unit 515.

[0224] Thereafter, the enhancement layer code is decoded on the basis of the coding mode,

as in the second embodiment.

[0225] Fig. 14 is a flowchart illustrating an image decoding process performed by the image

decoding apparatus according to the fifth embodiment. In Fig. 14, steps that serve the

same functions as those illustrated in Fig. 6 according to the second embodiment are

given the same numerals, and descriptions thereof are omitted.

[0226] In steps S600 and S601, the image decoding apparatus according to the fifth em

bodiment receives, as an input, a bit stream and decodes the header information of the

input bit stream. Next, in steps S602 to S608, the image decoding apparatus according

to the fifth embodiment decodes base layer code. Further, in step S609, the layer code

decoder/separator 501 extracts code relating to a to-be-decoded block of the en

hancement layer from the bit stream input to the image decoding apparatus according

to the fifth embodiment.

[0227] In step S1401, the base layer coding mode decoding unit 503 determines whether the

coding mode of the block of the base layer image, decoded in step S603, is the I_PCM

coding mode. If the coding mode of the block of the base layer image is the I_PCM

coding mode, the process proceeds to step S612; otherwise, the process proceeds to

step S610.

[0228] Thereafter, in steps S610 to S615, the block of the enhancement layer image is

decoded.

[0229] In particular, the fifth embodiment is characteristic in the point that, if the coding

mode generated by the base layer coding mode decoding unit 503 is referred to and the

coding mode is the I_PCM coding mode in step SI401, the I_PCM coding mode is

similarly regarded as the coding mode of the enhancement layer. Further, in this case,

decoding of the coding mode code of the enhancement layer in step S610 is not

performed.

[0230] Table 3 describes the above operation in accordance with the format of the H.264

standard.

[0231]



[Table 3]

Table 3

[0232] In comparison with Table 1, a portion of Table 3 that is different from Table 1 will

be described.

[0233] base_is_ipcm[CurrMbAddr] is a sequence that represents whether the coding mode

of a to-be-decoded block of the base layer, indicated by the address CurrMbAddr, is

the I_PCM coding mode. In decoding the coding mode of the to-be-decoded block of

the base layer, the image decoding apparatus according to the fifth embodiment stores



whether the coding mode is the I_PCM coding mode. Only if

base_is_ipcm[CurrMbAddr] on the 2nd line is false, that is, only if the coding mode of

the base layer is not the I_PCM coding mode, base_mode_flag and mbjype are

decoded. Conversely, if the coding mode of the base layer is the I_PCM coding mode,

the code such as base_mode_flag and mbjype is omitted. Since portions thereafter are

the same as Table 1, descriptions thereof are omitted.

[0234] Tables 4 and 5 describe the operation of the image decoding apparatus according to

the fifth embodiment in accordance with the format of the draft standard of HEVC

(NPL 2). Table 4 represents decoding of coding_unit, which is the unit of coding in

HEVC blocks.

[0235]



[Table 4]

Table 4

In Table 4, the image decoding apparatus according to the fifth embodiment refers to

base_is_ipcm[CurrMbAddr], as in H.264. Only if the coding mode of the base layer is

not the I_PCM coding mode, the image decoding apparatus according to the fifth em

bodiment performs decoding based on base_mode_flag and prediction. If the coding

mode of the base layer is the I_PCM coding mode, the image decoding apparatus



decodes the I_PCM code of the enhancement layer based on scalable_pcm_sample( xO,

yO, log2CbSize ).

[0237] Table 5 describes a process of scalable_pcm_sample( xO, yO, log2CbSize ).

[0238] [Table 5]

Table 5

[0239] In Table 5, the image decoding apparatus according to the fifth embodiment obtains

number_of_bit_depth from the pixel depth information n of the base layer and the

pixel depth information m of the enhancement layer, as in H.264. Further, the image

decoding apparatus decodes pcm_sample_luma_value, and calculates the luma of the

enhancement layer based on equation (1) using pcm_sample_luma[i], which is the

decoded pixel value of the base layer, and number_of_bit_depth. The same applies to

chroma. That is, the image decoding apparatus decodes pcm_sample_chroma_value,

and calculates the chroma of the enhancement layer based on equation (2) using

pcm_sample_chroma[i], which is the decoded pixel value of the base layer, and

number_of_bit_depth.

[0240] In this manner, the image decoding apparatus according to the fifth embodiment re

generates a decoded image of the enhancement layer.

[0241] With the above configuration and operation, when the I_PCM coding mode is used in

decoding the scalable code, the scalable code is separated into a base layer image and

an image including the least significant bits excluding bits represented by the base

layer image, and code generated by encoding these images can be decoded. Also,

decoding the scalable code becomes possible even in the I_PCM coding mode. Further,

when the coding mode of the block of the base layer is referred to and the coding mode

is the I_PCM coding mode, even if coding mode code is omitted in the enhancement

layer, the image can be correctly decoded. Accordingly, decoding can be performed

even more efficiently.



[0242] Although the fifth embodiment is described using H.264 and HEVC, the fifth em

bodiment is not limited to these standards.

Sixth Embodiment
[0243] The first to fifth embodiments describe that the processors illustrated in Figs. 1, 2, 4,

5, 7, 9, 11, and 13 are configured using hardware. However, processes performed by

these processors illustrated in these drawings may be configured with computer

programs.

[0244] Fig. 16 is a block diagram illustrating an example of the hardware configuration of a

computer applicable to the image encoding apparatuses and the image decoding ap

paratuses (hereinafter collectively referred to as an "image processing apparatus")

according to the first to fifth embodiments.

[0245] A central processing unit (CPU) 1601 controls the entire computer using computer

programs and data stored in a random- access memory (RAM) 1602 and a read-only

memory (ROM) 1603, and executes the above-described processes described as being

performed by the image processing apparatus according to the first to fifth em

bodiments. That is, the CPU 1601 functions as the processors illustrated in Figs. 1, 2,

4, 5, 7, 9, 11, and 13.

[0246] The RAM 1602 has an area for temporarily storing computer programs and data

loaded from an external storage device 1606 and data obtained from the outside via an

interface (I/F) 1607. The RAM 1602 further has a work area used when the CPU 1601

executes various processes. That is, the RAM 1602 can be assigned as, for example, a

frame memory, or can appropriately provide other various areas.

[0247] The ROM 1603 stores the setting data, boot program, or the like of the computer.

[0248] An operation unit 1604 includes a keyboard, a mouse, or the like, and, in response to

an operation performed by the user of the computer, the operation unit 1604 can input

various instructions to the CPU 1601.

[0249] An output unit 1605 outputs the result of processing performed by the CPU 1601.

The output unit 1605 includes, for example, a liquid crystal display.

[0250] The external storage device 1606 is a large-capacity information storage device rep

resented by a hard disk drive. The external storage device 1606 saves am operating

system (OS) and a computer program for causing the CPU 1601 to realize the

functions of the units illustrated in Figs. 1 and 2. The external storage device 1606 may

further save images to be processed.

[0251] The computer program and data saved in the external storage device 1606 are appro

priately loaded to the RAM 1602 under control of the CPU 1601 and are to be

processed by the CPU 1601.

[0252] The I/F 1607 can connect a network, such as a local area network (LAN) or the

Internet, or another device, such as a projector or a display, to the computer. The



computer can obtain and send various pieces of information via the I/F 1607.

[0253] A bus 1608 connects the above-described units.

[0254] The operation performed by the above-described configuration is the operation

described using the above-described flowcharts, which is principally controlled by the

CPU 1601.

Other Embodiments
[0255] An object of the present invention can be achieved when a storage medium recording

the code of a computer program realizing the above-described functions is supplied to

a system, and then the system reads and executes the code of the computer program. In

this case, the code itself of the computer program read from the storage medium

realizes the functions of the above-described embodiments, and the storage medium

storing the code of the computer program constitutes the present invention. The

invention also includes the case in which the above-described functions are realized by

an operating system (OS) or the like, running on a computer, which performs part or

entirety of the actual processing based on instructions of the code of the program.

[0256] Furthermore, the present invention may be realized in the following form. That is, the

computer program code read from the storage medium is written to a memory included

in a feature expansion card inserted into the computer or a feature expansion unit

connected to the computer. A CPU or the like, included in the feature expansion card

or the feature expansion unit, performs part or entirety of the actual processing based

on instructions of the code of the program and realizes the above-described functions.

[0257] When the present invention is applied to the above-described storage medium, the

storage medium stores the code of a computer program corresponding to the

previously-described flowcharts.

[0258] 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.

[0259] Embodiments of the present invention can also be realized by a computer of a system

or apparatus that reads out and executes computer executable instructions recorded on

a storage medium (e.g., non-transitory computer-readable storage medium) to perform

the functions of one or more of the above-described embodiments of the present

invention, and by a method performed by the computer of the system or apparatus by,

for example, reading out and executing the computer executable instructions from the

storage medium to perform the functions of one or more of the above-described em

bodiments. The computer may comprise one or more of a central processing unit

(CPU), micro processing unit (MPU), or other circuitry, and may include a network of



separate computers or separate computer processors. The computer executable in

structions may be provided to the computer, for example, from a network or the

storage medium. The storage medium may include, for example, one or more of a hard

disk, a random-access memory (RAM), a read only memory (ROM), a storage of dis

tributed computing systems, an optical disk (such as a compact disc (CD), digital

versatile disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a memory card,

and the like.

This application claims the benefit of Japanese Patent Application No. 2012-147151,

filed June 29, 2012, which is hereby incorporated by reference herein in its entirety.
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Claims
An image encoding apparatus that performs scalable coding of an

image divided in units of blocks by using a plurality of layers including

an n-bit base layer and an m-bit enhancement layer, m being greater

than or equal to n, comprising:

an enhancement layer coding mode determining unit configured to

determine a coding mode of a to-be-encoded block, serving as a target

of encoding, of the enhancement layer; and

an enhancement layer encoding unit configured to encode the to-

be-encoded block of the enhancement layer on the basis of the coding

mode determined by the enhancement layer coding mode determining

unit,

wherein, when the coding mode determined by the enhancement layer

coding mode determining unit is an uncompressed coding mode, the

enhancement layer encoding unit generates an image including the least

significant m-n( bits from the to-be-encoded block of the enhancement

layer, and encodes the generated image in the uncompressed coding

mode.

The image encoding apparatus according to Claim 1, further

comprising a base layer coding mode determining unit configured to

determine a coding mode of a to-be-encoded block, serving as a target

of encoding, of the base layer,

wherein, when the coding mode determined by the base layer coding

mode determining unit is the uncompressed coding mode, the en

hancement layer encoding unit performs uncompressed coding of the

to-be-encoded block of the enhancement layer.

The image encoding apparatus according to Claim 2, wherein, when the

coding mode determined by the base layer coding mode determining

unit is the uncompressed coding mode,

the enhancement layer coding mode determining unit determines the

coding mode of the to-be-encoded block of the enhancement layer as

the uncompressed coding mode, and

the enhancement layer encoding unit performs uncompressed coding of

the to-be-encoded block of the enhancement layer without encoding the

coding mode determined by the enhancement layer coding mode de

termining unit.

The image encoding apparatus according to Claim 2, wherein the en-
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hancement layer encoding unit refers to the to-be-encoded block of the

base layer and encodes the to-be-encoded block of the enhancement

layer.

[Claim 5] The image encoding apparatus according to Claim 1, wherein the u n

compressed coding mode is a mode in which the to-be-encoded block is

encoded without being compressed, and inserted into a bit stream

generated by encoding the image divided in units of blocks.

[Claim 6] An image decoding apparatus that decodes a bit stream generated by

performing scalable coding of an image divided in units of blocks by

using a plurality of layers including an n-bit base layer and an m-bit en

hancement layer, m being greater than or equal to n, comprising:

an enhancement layer coding mode obtaining unit configured to obtain

a coding mode of a to-be-decoded block, serving as a target of

decoding, of the enhancement layer; and

an enhancement layer decoding unit configured to decode the to-

be-decoded block of the enhancement layer on the basis of the coding

mode obtained by the enhancement layer coding mode obtaining unit,

wherein, when the coding mode obtained by the enhancement layer

coding mode obtaining unit is an uncompressed coding mode, the en

hancement layer decoding unit decodes a bit stream including the least

significant m-n bits from the to-be-decoded block of the enhancement

layer, and does not decode a bit stream including the most significant n

bits.

[Claim 7] The image decoding apparatus according to Claim 6, further

comprising a base layer coding mode obtaining unit configured to

obtain a coding mode of a to-be-decoded block, serving as a target of

decoding, of the base layer,

wherein, when the coding mode obtained by the base layer coding

mode obtaining unit is the uncompressed coding mode, the en

hancement layer decoding unit decodes a block including the u n

compressed-encoded least significant m-n bits of the to-be-decoded

block of the enhancement layer.

[Claim 8] The image decoding apparatus according to Claim 7, wherein, when the

coding mode obtained by the base layer coding mode obtaining unit is

the uncompressed coding mode,

the enhancement layer coding mode obtaining unit regards the coding

mode of the to-be-decoded block of the enhancement layer as the u n

compressed coding mode, and
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the enhancement layer decoding unit decodes a block including the u n

compressed-encoded least significant m-n bits of the to-be-decoded

block of the enhancement layer.

[Claim 9] The image decoding apparatus according to Claim 7, further

comprising:

a base layer decoding unit configured to decode the to-be-decoded

block of the base layer on the basis of the coding mode obtained by the

base layer coding mode obtaining unit; and

a regenerating unit configured to regenerate a decoded image by

combining the to-be-decoded block decoded by the base layer decoding

unit and the to-be-decoded block decoded by the enhancement layer

decoding unit,

wherein, when the coding mode obtained by the enhancement layer

coding mode obtaining unit is the uncompressed coding mode, the re

generating unit shifts the to-be-decoded block, decoded by the base

layer decoding unit, m-n bits in the most significant bit direction, and

combines the shifted to-be-decoded block and the to-be-decoded block

decoded by the enhancement layer decoding unit.

[Claim 10] The image decoding apparatus according to Claim 7, wherein the en

hancement layer decoding unit refers to the to-be-decoded block of the

base layer, and decodes the to-be-decoded block of the enhancement

layer.

[Claim 11] An image encoding method of performing scalable coding of an image

divided in units of blocks by using a plurality of layers including an n-

bit base layer and an m-bit enhancement layer, m being greater than or

equal to n, comprising:

an enhancement layer coding mode determining step of determining a

coding mode of a to-be-encoded block, serving as a target of encoding,

of the enhancement layer; and

an enhancement layer encoding step of encoding the to-be-encoded

block of the enhancement layer on the basis of the coding mode de

termined in the enhancement layer coding mode determining step,

wherein, when the coding mode determined in the enhancement layer

coding mode determining step is an uncompressed coding mode, the

enhancement layer encoding step generates an image including the least

significant m-n bits from the to-be-encoded block of the enhancement

layer, and encodes the generated image in the uncompressed coding

mode.
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[Claim 12] The image encoding method according to Claim 11, further comprising

a base layer coding mode determining step of determining a coding

mode of a to-be-encoded block, serving as a target of encoding, of the

base layer,

wherein, when the coding mode determined in the base layer coding

mode determining step is the uncompressed coding mode, the en

hancement layer encoding step performs uncompressed coding of the

to-be-encoded block of the enhancement layer.

[Claim 13] An image decoding method of decoding a bit stream generated by

performing scalable coding of an image divided in units of blocks by

using a plurality of layers including an n-bit base layer and an m-bit en

hancement layer, m being greater than or equal to n, comprising:

an enhancement layer coding mode obtaining step of obtaining a

coding mode of a to-be-decoded block, serving as a target of decoding,

of the enhancement layer; and

an enhancement layer decoding step of decoding the to-be-decoded

block of the enhancement layer on the basis of the coding mode

obtained in the enhancement layer coding mode obtaining step,

wherein, when the coding mode obtained in the enhancement layer

coding mode obtaining step is an uncompressed coding mode, the en

hancement layer decoding step decodes a bit stream including the least

significant m-n bits from the to-be-decoded block of the enhancement

layer, and does not decode a bit stream including the most significant n

bits.

[Claim 14] The image decoding method according to Claim 13, further comprising

a base layer coding mode obtaining step of obtaining a coding mode of

a to-be-decoded block, serving as a target of decoding, of the base

layer,

wherein, when the coding mode obtained in the base layer coding mode

obtaining step is the uncompressed coding mode, the enhancement

layer decoding step decodes a block including the uncompressed-

encoded least significant m-n bits of the to-be-decoded block of the en

hancement layer.

[Claim 15] A non-transitory computer-readable storage medium storing a program

for causing a computer to execute image encoding, the program

comprising:

computer-executable instructions that perform scalable coding of an

image divided in units of blocks by using a plurality of layers including
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an n-bit base layer and an m-bit enhancement layer, m being greater

than or equal to n;

computer-executable instructions that determine a coding mode of a to-

be-encoded block, serving as a target of encoding, of the enhancement

layer;

computer-executable instructions that encode the to-be-encoded block

of the enhancement layer on the basis of the determined coding mode;

and

computer-executable instructions that, when the determined coding

mode is an uncompressed coding mode, generates an image including

the least significant m-n bits from the to-be-encoded block of the en

hancement layer, and encodes the generated image in the uncompressed

coding mode.

[Claim 16] A non-transitory computer-readable storage medium storing a program

for causing a computer to execute image decoding, the program

comprising:

computer-executable instructions that decode a bit stream generated by

performing scalable coding of an image divided in units of blocks by

using a plurality of layers including an n-bit base layer and an m-bit en

hancement layer, m being greater than or equal to n;

computer-executable instructions that obtain a coding mode of a to-

be-decoded block, serving as a target of decoding, of the enhancement

layer;

computer-executable instructions that decode the to-be-decoded block

of the enhancement layer on the basis of the obtained coding mode; and

computer-executable instructions that, when the obtained coding mode

is an uncompressed coding mode, decodes a bit stream including the

least significant m-n bits from the to-be-decoded block of the en

hancement layer, and does not decode a bit stream including the most

significant n bits.
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