
Printed by Jouve, 75001 PARIS (FR)

(19)

E
P

1
 8

1
1

 7
8
6

A
1

��&������������
(11) EP 1 811 786 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158�(3) EPC

(43) Date of publication: 

25.07.2007 Bulletin 2007/30

(21) Application number: 06797552.4

(22) Date of filing: 06.09.2006

(51) Int Cl.: �
H04N 7/32 (2006.01)

(86) International application number: 

PCT/JP2006/317657

(87) International publication number: 

WO 2007/032239 (22.03.2007 Gazette 2007/12) �

(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 

HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 

SK TR

Designated Extension States: 

AL BA HR MK YU

(30) Priority: 15.09.2005 JP 2005268898

(71) Applicant: SONY CORPORATION

Minato-�ku

Tokyo (JP) �

(72) Inventors: 

• WANG, Liming

Shinagawa-�ku, Toky, 141-0001 (JP) �

• SUZUKI, Teruhiko

Shinagawa-�ku, Tokyo, 141-0001 (JP) �

• YAGASAKI, Yoichi

Shinagawa-�ku, Tokyo, 141-0001 (JP) �

(74) Representative: Robinson, Nigel Alexander Julian 

et al

D Young & Co 

120 Holborn

London EC1N 2DY (GB)�

(54) ENCODING APPARATUS, ENCODING METHOD AND PROGRAM THEREOF, AND DECODING 

APPARATUS, DECODING METHOD AND PROGRAM THEREOF

(57) An encoding apparatus for encoding progres-

sive image data and interlace image data corresponding

to this progressive image data, having a first encoding

unit configured to encode picture data composing the

interlace image data to generate first encoded data and

decoding and recomposing the first encoded data to gen-

erate recomposed image data, an up sample processing

unit configured to up sample the generated recomposed

image data to generate image data having the same res-

olution as that of the progressive image data, and a sec-

ond encoding unit configured to encode the picture data

composing the progressive image data to generate sec-

ond encoded data using the generated image data as

predictive image data.
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Description

TECHNICAL FIELD

�[0001] The present invention relates to an encoding apparatus for encoding image data, an encoding method, and a

program of the same and a decoding apparatus for decoding the image data, a decoding method, and a program of the

same.

BACKGROUND ART

�[0002] In recent years, for the purpose of digitally handling image data and transmitting and storing information with

a high efficiency at that time, after the MPEG (Moving Picture Experts Group) system utilizing the redundancy peculiar

to image data and compressing it by a discrete cosine transform (DCT) or other orthogonal transform and a motion

compensation, encoding apparatuses and decoding apparatuses based on the H.�264/AVC (Advanced Video Coding)

and other encoding systems (method) having a higher compression ratios have been spreading in both distribution of

information by broadcast stations etc. and reception of information in general homes.

�[0003] At present, efforts are being made for standardization by adding a function of scalability to this H.�264/AVC,

that is, SVC (Scalable Video Coding). The present specifications of SVC are put together in the JSM (Joint Scalable

Video Model).�

In an SVC encoding device, an input image is separated into for example two layers of an upper layer and a lower layer

by an image layering circuit. Thereafter, the upper layer is encoded by an upper layer encoding circuit, and the lower

layer is encoded by a lower layer encoding circuit. Then, the encoded upper layer and lower layer are multiplexed and

transmitted.�

The lower layer is also called a "base layer" and is a layer of a low quality. When decoding only the bit stream of the

lower layer, an image having a relatively low quality is decoded. The lower layer includes more important information

as the quality.�

The upper layer is also called an "enhancement layer" and is a layer for enhancing the quality and decoding a high

quality image. When decoding the bit stream of the upper layer in addition to the bit stream of the lower layer, it is possible

to decode a higher quality image.�

In the encoding apparatus explained above, when the upper layer encoding circuit performs intra- �coding, it is possible

to use the decoded image obtained by encoding, then decoding at the lower layer encoding circuit as a predictive image.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

�[0004] The conventional encoding apparatus performing the layered encoding explained above is predicated on en-

coding progressive image data at both of the upper layer and the lower layer. �

However, there are demands for encoding the progressive image data in the upper layer and encoding interlace image

data in the lower layer.

�[0005] From the above, it is desired to provide an encoding device, an encoding method, and a program enabling

encoding of progressive image data in the upper layer and encoding of interlace image data in the lower layer when

performing layered encoding.�

Further, it is desired to provide a decoding device, a decoding method, and a program enabling decoding of progressive

image data encoded in the upper layer and interlace image data encoded in the lower layer.

MEANS FOR SOLVING THE PROBLEM

�[0006] An encoding apparatus of a first embodiment of the present invention is an encoding apparatus for encoding

progressive image data and interlace image data corresponding to the progressive image data, having a first encoding

unit configured to encode picture data composing the interlace image data to generate first encoded data and decode

and recompose the first encoded data to generate recomposed image data, an up sample processing unit configured

to up sample the recomposed image data generated by the first encoding unit to generate image data having the same

resolution as that of the progressive image data, and a second encoding unit configured to encode the picture data

composing the progressive image data using the image data generated by the up sample processing unit as predictive

image data to generate second encoded data.�

Further, an encoding apparatus of the present invention is an encoding apparatus for encoding progressive image data

and interlace image data corresponding to the progressive image data, having a first encoding means for encoding
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picture data composing the interlace image data to generate first encoded data and decoding and recomposing the first

encoded data to generate recomposed image data, an up sample processing means for up sampling the recomposed

image data generated by the first encoding means to generate image data having the same resolution as that of the

progressive image data, and a second encoding means for encoding picture data composing the progressive image

data using the image data generated by the up sample processing means as predictive image data to generate second

encoded data.

�[0007] An encoding method of a second embodiment of the present invention is an encoding method for encoding

progressive image data and interlace image data corresponding to the progressive image data, having a first step of

encoding picture data composing the interlace image data to generate first encoded data and decoding and recomposing

the first encoded data to generate recomposed image data, a second step of up sampling the recomposed image data

generated at the first step to generate image data having the same resolution as that of the progressive image data,

and a third step of encoding the picture data composing the progressive image data using the image data generated at

the second step as predictive image data to generate second encoded data.

�[0008] A program of a third embodiment of the present invention is a program executed by a computer for encoding

progressive image data and interlace image data corresponding to the progressive image data, which makes the computer

execute a first routine of encoding the picture data composing the interlace image data to generate first encoded data

and decoding and recomposing the first encoded data to generate recomposed image data,� a second routine of up

sampling the recomposed image data generated at the first routine to generate image data having the same resolution

as that of the progressive image data, and a third routine of encoding the picture data composing the progressive image

data using the image data generated in the second routine as predictive image data to generate second encoded data.

�[0009] A decoding apparatus of a fourth embodiment of the present invention is a decoding apparatus for decoding

first encoded data obtained by encoding progressive image data and second encoded data obtained by encoding interlace

image data corresponding to the progressive image data, having a first decoding unit configured to decode the second

encoded data, an up sample processing unit configured to interpolate first predictive image data generated by the

decoding in the first decoding unit to generate second predictive image data, and a second decoding unit configured to

decode the first encoded data based on the second predictive image data generated at the up sample processing unit.�

Further, according to the present invention, there is provided a decoding apparatus for decoding first encoded data

obtained by encoding progressive image data and second encoded data obtained by encoding interlace image data

corresponding to the progressive image data,� having a first decoding means for decoding the second encoded data, an

up sample processing means for interpolating first predictive image data generated by the decoding in the first decoding

means to generate second predictive image data, and a second decoding means for decoding the first encoded data

based on the second predictive image data generated at the up sample processing means.

�[0010] A decoding method of a fifth embodiment of the present invention is a decoding method for decoding first

encoded data obtained by encoding progressive image data and second encoded data obtained by encoding interlace

image data corresponding to the progressive image data, having a first step of decoding the second encoded data, a

second step of interpolating the first predictive image data generated by the decoding at the first step to generate second

predictive image data, and a third step of decoding the first encoded data based on the second predictive image data

generated at the second step.

�[0011] A program of a sixth embodiment of the present invention is a program executed by a computer for decoding

first encoded data obtained by encoding progressive image data and second encoded data obtained by encoding interlace

image data corresponding to the progressive image data, which makes the computer execute a first routine of decoding

the second encoded data, a second routine of interpolating the first predictive image data generated by the decoding at

the first routine to generate second predictive image data, and a third routine of decoding the first encoded data based

on the second predictive image data generated at the second routine.

EFFECT OF THE INVENTION

�[0012] According to the present invention, it is possible to provide an encoding device, an encoding method, and a

program enabling encoding of progressive image data in the upper layer and encoding of interlace image data in the

lower layer when performing layered encoding. �

Further, according to the present invention, it is possible to provide a decoding device, a decoding method, and a program

able to decode the progressive image data encoded in the upper layer and the interlace image data encoded in the

lower layer.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0013]
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[FIG. 1] FIG. 1 is a diagram showing an example of the configuration of an encoding and/or decoding system of an

embodiment of the present invention.

[FIG. 2] FIG. 2 is a block diagram of an encoding apparatus in the encoding and/or decoding system shown in FIG. 1.

[FIG. 3] FIG. 3 is a diagram for explaining progressive image data and interlace image data shown in FIG. 2. [FIG.

4] FIG. 4 is a diagram for explaining an example of the configuration of a lower layer encoding circuit shown in FIG. 2.

[FIG. 5] FIG. 5 is a diagram for explaining an example of the configuration of a transform circuit shown in FIG. 2.

[FIGS. 6] FIGS. 6A and 6B are diagrams for explaining an example of processing of an intra- �field predictive image

generation circuit shown in FIG. 5.

[FIG. 7] FIG. 7 is a flow chart for explaining an example of the processing of an intra-�frame predictive image generation

circuit shown in FIG. 5.

[FIGS. 8] FIGS. 8A and 8B are diagrams for explaining an example of the processing of the intra- �field predictive

image generation circuit shown in FIG. 5.

[FIGS. 9] FIGS. 9A and 9B are diagrams for explaining an example of the processing of the intra-�frame predictive

image generation circuit shown in FIG. 5.

[FIG. 10] FIG. 10 is a flow chart for explaining an example of the processing of the intra-�frame predictive image

generation circuit shown in FIG. 5.

[FIG. 11] FIG. 11 is a flow chart for explaining an example of the processing of the intra-�frame predictive image

generation circuit shown in FIG. 5.

[FIG. 12] FIG. 12 is a flow chart for explaining an example of the processing of the intra-�frame predictive image

generation circuit shown in FIG. 5.

[FIG. 13] FIG. 13 is a diagram showing an example of the configuration of an upper layer encoding circuit shown in

FIG. 2.

[FIG. 14] FIG. 14 is a diagram showing an example of the configuration of a lower layer prediction circuit shown in

FIG. 13.

[FIG. 15] FIG. 15 is a diagram showing an example of the configuration of a decoding apparatus in the encoding

and/or decoding system shown in FIG. 1.

[FIG. 16] FIG. 16 is a diagram showing an example of the configuration of a lower layer decoding circuit shown in

FIG. 15.

[FIG. 17] FIG. 17 is a diagram showing an example of the configuration of a transform circuit shown in FIG. 15. [FIG.

18] FIG. 18 is a diagram showing an example of the configuration of an upper layer decoding circuit shown in FIG. 15.

[FIG. 19] FIG. 19 is a diagram for explaining a modification of the embodiment of the present invention.

DESCRIPTION of notations

�[0014] 1 ... encoding and/or decoding system, 2 ... � encoding device, 3 ··· decoding device, 10 ... layering circuit, 11

··· delay circuit, 12 ... lower layer encoding circuit, 13 ... transform circuit, 14 ··· upper layer encoding circuit, 15 ... multiplex

circuit, 21 ... intra-�field predictive image generation circuit, 22 ... intra-�frame predictive image generation circuit, 23,

123 ... screen rearrangement circuits, 31, 131 ... processing circuits, 32, 132 ... orthogonal transform circuits, 33, 133

··· quantization circuits, 34, 134 ... rate control circuits, 35, 135 ... reversible encoding circuits, 36, 136 ... buffer memories,

37 , 137 ... inverse quantization circuits, 38, 138 ... inverse orthogonal transform circuits, 39, 139 ... adder circuits, 40,

140 ... deblock filters, 41, 141 ... frame memories, 42, 142 ... intra-�prediction circuits, 43, 143 ... motion prediction and/or

compensation circuits, 51 ... demultiplex circuit, 52 ... delay circuit, 53 ... lower layer decoding circuit, 54 ... transform

circuit, 55 ... upper layer decoding circuit, 56 ··· recomposing circuit, 60, 160 ... storage buffers, 61, 161 ... reversible

decoding circuits, 62, 162 ... inverse quantization circuits, 63, 163 ... inverse orthogonal transform circuits, 64, 164 ...

adder circuits, 65, 165 ... deblock filters, 66, 166 ... frame memories, 67, 167 ... screen rearrangement buffers, 69, 169 ...

intra- �prediction circuits, 70, 170 ... motion prediction and/or compensation circuits, and 145 ... lower layer prediction

circuit.

BEST MODE FOR CARRYING OUT THE INVENTION

�[0015] FIG. 1 is a conceptual diagram of an encoding and/or decoding system of the present embodiment. �

An encoding and/or decoding system 1 has an encoding apparatus 2 provided on a transmission side and a decoding

apparatus 3 provided on a reception side.

�[0016] In the encoding and/or decoding system 1, the encoding apparatus 2 on the transmission side compresses

(encodes) image data by a Discrete Cosine Transform (DCT), Karunen Loewe transform, or other orthogonal transform

and motion compensation to generate frame encoded image data (bit stream), modulates the frame encoded image

data, then transmits the same via a satellite broadcast wave, cable TV network, telephone line network, mobile phone

line network, or other a transmission medium 5.
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On the reception side, the decoding apparatus 3 receives the encoded image signal, demodulates it, then expands it

by an inverse transform to the orthogonal transform at the time of the above modulation and motion compensation to

generate frame image data for use.�

The transmission medium 5 is not limited to the communication networks explained above and may be an optical disc,

magnetic disc, semiconductor memory, or other storage medium.

�[0017] In the present embodiment, for example, as shown in FIG. 2, a layering circuit 10 is configured to generate

progressive image data (progressive image signal) S10_1 and interlace image data S10_2 based on image data S9 to

be encoded.�

A lower layer encoding circuit 12 is configured to encode the interlace image data S10_2 to generate lower layer encoded

data S12.

A transform circuit 13 is configured to interpolate (up sample) a lower layer predictive image data L_ �PRE generated by

the lower layer encoding circuit 12 to generate lower layer predictive image data L_ �PREb having the same resolution

(number of scanning lines) as that of the progressive image data S10_1 and output this to an upper layer encoding

circuit 14.

The upper layer encoding circuit 14 is configured to encode the progressive image data Sl0_l based on the lower layer

predictive image data L_�PREb to generate upper layer encoded data S14.

<Encoding Device>

�[0018] Referring to FIG. 1, the encoding apparatus 2 will be explained.�

FIG. 2 is a diagram showing an example of the overall configuration of the encoding apparatus 2.

The encoding apparatus 2 has for example a layering circuit 10, delay circuit 11, lower layer encoding circuit 12, transform

circuit 13, upper layer encoding circuit 14, and multiplex circuit 15.

[Layering Circuit]

�[0019] The layering circuit 10 is, for example as shown in FIG. 2, configured to generate the progressive image data

progressive image signal) S10_1 and the interlace image data S10_2 based on the image data S9 to be encoded.

Further, the layering circuit 10 is configured to write the picture data FR1 to FR6 composing the above generated

progressive image data S10_1 into the delay circuit 11.

The progressive image data S10_1 is for example 60 frames/sec (60p).�

Further, the layering circuit 10 is configured to output the picture data FI1 to FI6 composing the above generated index

image data S10_2 to the lower layer encoding circuit 12.

The interlace image data S10_2 is for example 60 fields/sec (60i).

[Delay Circuit]

�[0020] The delay circuit 11 is configured to delay the picture data composing the progressive image data (progressive

signal) S10_1 input from the layering circuit 10 by for example exactly the processing time in the lower layer encoding

circuit 12 and transform circuit 13 and output the result to the upper layer encoding circuit 14.

[Lower Layer Encoding Circuit]

�[0021] The lower layer encoding circuit 12 is configured to encode the interlace image data S10_2 input from the

layering circuit 10 to generate the lower layer encoded data S12 and output this to the multiplex circuit 15. Further, the

lower layer encoding circuit 12 is configured to generate the lower predictive image data L PRE in the above encoding

and output this to the transform circuit 13.

�[0022] FIG. 4 is a diagram showing an example of the configuration of the lower layer encoding circuit 12.

The lower layer encoding circuit 12 has for example a screen rearrangement circuit 23, processing circuit 31, orthogonal

transform circuit 32, quantization circuit 33, rate control circuit 34, reversible encoding circuit 35, buffer memory 36,

inverse quantization circuit 37, inverse orthogonal transform circuit 38, adder circuit 39, deblock filter 40, frame memory

41, intra- �prediction circuit 42, and motion prediction and/or compensation circuit 43.

�[0023] The screen rearrangement circuit 23 is for example configured to rearrange the progressive image data S10_2

input from the layering circuit 10 shown in FIG. 2 to a sequence of encoding in accordance with a GOP (Group Of

Pictures) structure comprised by picture types I, P, and B and output the same to the processing circuit 31, intra-�prediction

circuit 42, and motion prediction and/or compensation circuit 43.

The processing circuit 31 is configured to generate image data indicating a difference between the picture data to be

encoded input from the screen rearrangement circuit 23 and the predictive image data PI input from the intra- �prediction
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circuit 42 or motion prediction and/or compensation circuit 43 and output this to the orthogonal transform circuit 32.

The orthogonal transform circuit 32 is configured to apply a Discrete Cosine Transform (DCT), Karunen Loewe transform,

or other orthogonal transform to the image data input from the processing circuit 31 to generate image data indicating

the transform coefficient (for example DCT coefficient) and output this to the quantization circuit 33.

�[0024] The quantization circuit 33 is configured to quantize the image data (transform coefficient before quantization)

input from the orthogonal transform circuit 32 based on a quantization scale QS input from the rate control circuit 34 to

generate image data indicating the transform coefficient after the quantization and output this to the reversible encoding

circuit 35 and the inverse quantization circuit 37.

The rate control circuit 34 is for example configured to generate the quantization scale QS based on the image data

read out from the buffer memory 36 and output this to the quantization circuit 33.

The reversible encoding circuit 35 is configured to store the image data obtained by variable length encoding of the

image data input from the quantization circuit 33 in the buffer memory 36. Further, the reversible encoding circuit 35 is

configured to store a motion vector MV input from the motion prediction and/or compensation circuit 43 or a differential

motion vector thereof, discrimination data of reference image data, and an intra-�prediction mode input from the intra-

prediction circuit 42 in header data etc.

�[0025] The image data stored in the buffer memory 36 is read out as the lower encoded data S12 to the multiplex

circuit 15 shown in FIG. 2.

The inverse quantization circuit 37 is configured to apply the inverse quantization processing corresponding to the

quantization of the quantization circuit 33 to the image data from the quantization circuit 33, generate the data obtained

by that, and output this to the inverse orthogonal transform circuit 38.

The inverse orthogonal transform circuit 38 is configured to apply the inverse transform to the orthogonal transform in

the orthogonal transform circuit 32 to the data input from the inverse quantization circuit 37 and output the thus generated

image data to the adder circuit 39.

The adder circuit 39 is configured to add the image data input (decoded) from the inverse orthogonal transform circuit

38 and the predictive image data PI input from the intra-�prediction circuit 42 or the motion prediction and/or compensation

circuit 43 and output this to the deblock filter 40.

�[0026] The deblock filter 40 is configured to eliminate block distortion of the reference picture data input from the adder

circuit 39 and write the result into the frame memory 41.

The reference picture data written in the frame memory 41 is read out from the frame memory 41 as the lower predictive

image data L_ �PRE and output to for example the transform circuit 13 shown in FIG. 2.

The intra- �prediction circuit 42 is configured to determine the intra-�prediction mode and block size of the prediction block

so that a residue becomes the minimum in a macro block to be intra-�coded.�

The intra-�prediction circuit 42 uses 4x4 and 16x16 pixels as the block size.�

The intra- �prediction circuit 42 is configured to output predictive image data PI according to intra-�prediction to the process-

ing circuit 31 and the adder circuit 39 when intra-�prediction is selected.

�[0027] The motion prediction and/or compensation circuit 43 is configured to perform the motion prediction based on

the reference picture data REF which has already been encoded, then locally decoded and stored in the frame memory

41 and determine the motion vector and the block size of the motion compensation for minimizing the residue. �

The motion prediction and/or compensation circuit 43 uses, as the block size, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and

4x4 pixels. �

The motion prediction and/or compensation circuit 43 is configured to output predictive image data PI according to inter-

prediction to the processing circuit 31 and the adder circuit 39 when inter-�prediction is selected.

[Transform Circuit]

�[0028] Referring to FIG. 2, the transform circuit 13 will be explained.�

The transform circuit 13 is configured to interpolate the lower predictive image data L_�PRE input from the lower layer

encoding circuit 12, generate the lower predictive image data L_ �PREb having the same resolution (number of scanning

lines) as that of the progressive image data S10_1 input from the delay circuit 11 by the upper layer encoding circuit 14,

and output this to the upper layer encoding circuit 14.

�[0029] FIG. 5 is a diagram showing an example of the configuration of the transform circuit 13.

The transform circuit 13 has for example an intra-�field predictive image generation circuit 21 and intra-�frame predictive

image generation circuit 22.

Before the explanation of the processing content of the transform circuit 13, the terms used in the present embodiment

will be defined as follows.�

For example, field picture data Y of the interlace image data S10_2 having the same time stamp as that of a frame

picture data X of the progressive image data S10_1 will be called the "base picture data of the picture data X". In the

example of FIG. 3, the field picture data FI1 is the base picture data of the frame picture data FR1.
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�[0030] One base block MBY corresponding to the macro block MBX of the frame picture data X of the progressive

image data S10_1 is present in the base picture data of the frame picture data X, that is, the field picture data Y. �

The base block MBY has a width of the same length and a height of half that of the macro block MBX.�

Here, where the pixel is located at a spatial position (xP, yP) of the top left pixel position of the base block MBX relative

to the top left pixel position of the frame picture data X, the top left pixel position of the base block MBY is located at a

spatial position (xP, yP/�2).

�[0031] Top field data and bottom field data continuing after that will be called a "complementary field pair". �

In one complementary field pair, the top field data is the complementary field data of the bottom field data in the same

pair, and the bottom field data is the complementary field data of the top field data in the same pair. For example, in

FIG. 3, the complementary field pair is comprised of the field data FI1 and FI2, the field data FI2 is the complementary

field data of the field data FI1, and the field data FI1 is the complementary field data of the field data FI2.

�[0032] The field data A and B composing a complementary field pair will be considered next.�

In a case where the top left pixel position of a block MBA has a spatial position (xP_ �A, yP_�A) relative to the top left pixel

position of the field data A, and the top left pixel position of a block MBB has a spatial position (xP_�B, yP_ �B) relative to

the top left pixel position of the field data B, where the blocks MBA and MBB have the same size, and the spatial position

(xP_�A, yP_ �A) and the spatial position (xP_ �B, yP_�B) are the same, the block MBA is the complementary block of the

block MBB, and the block MBB is the complementary block of the block MBA.

�[0033] When the lower predictive image data L_�PRE input from the lower layer encoding circuit 12 is the top field

data, the intra- �field predictive image generation circuit 21 performs the up sample processing for the base block data in

the lower predictive image data L_�PRE corresponding to the macro block MB to be encoded (current) using only the

top field data thereof as shown in FIG. 6A to generate the lower predictive image data L_ �PREb �(FI) having the same

resolution as that of the progressive image data S10_1.

When the lower predictive image data L_ �PRE input from the lower layer encoding circuit 12 is the bottom field data, the

intra- �field predictive image generation_ circuit 21 performs the up sample processing of the base block data in the lower

predictive image data L_�PRE corresponding to the macro block MB to be encoded using only the bottom field data

thereof as shown in FIG. 6B to generate the lower predictive image data L_�PREb�(FI) having the same resolution as that

of the progressive image data S10_1.

�[0034] FIG. 7 is a flow chart for explaining an example of the processing of the intra- �field predictive image generation

circuit 21 shown in FIG. 5. The intra-�field predictive image generation circuit 21 is configured to perform the following

processing. �

In the following explanation, the number of lines of the base block data in the lower predictive image data L PRE is

defined as N. Further, the i-�th line data of the base block data is defined as Base�[i]. Here, i is an integer of "0" to "N-�1".

�[0035] Steps ST12 to ST15 shown in FIG. 7 indicate the up sample processing of the top field shown in FIG. 6A and

FIG. 8A, and steps ST16 to ST19 shown in FIG. 7 indicate the up sample processing of the bottom field shown in FIG.

6B and FIG. 8B.

Step ST11:

�[0036] The intra- �field predictive image generation circuit 21 proceeds to step ST12 when the lower predictive image

data L_ �PRE input from the lower layer encoding circuit 12 is the top field data and proceeds to step ST16 when the data

is not the top field data.

Step ST12:

�[0037] The intra-�field predictive image generation circuit 21 copies the i- �th line data Base �[i] of the base block data to

the 2i-�th line data PRED [2i] of the corresponding prediction block data in the lower predictive image data L_ �PREb.�

Namely, the intra- �field predictive image generation circuit 21 generates line data PRED [0] , [2], ..., [2N-�2] by the above

copy.

Step ST13:

�[0038] The intra- �field predictive image generation circuit 21 defines the line data lower than the lowermost line of the

above base block data by one as the line data Base�[N].

Step ST14:

�[0039] The intra-�field predictive image generation circuit 21 stores the line data Base�[N] obtained at step ST13 in the

line data PRED�[2N].
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Step ST15:

�[0040] The intra-�field predictive image generation circuit 21 adds the line data PRED�[2i] multiplied with a weighting

w1 and the line data PRED�[2i+2] multiplied with a weighting w2 according to the following Equation (1) to generate the

2i+1-�th line data PRED�[2i+1] of the corresponding prediction block data in the lower predictive image data L_�PREb.

�[0041]

Step ST16:

�[0042] The intra-�field predictive image generation circuit 21 copies the i- �th line data Base �[i] of the base block data to

the 2i+1-�th line data PRED�[2i+1] of the corresponding prediction block data in the lower predictive image data L_�PREb.�

Namely, the intra-�field predictive image generation circuit 21 generates line data PRED�[1], [3], ..., [2N-�1] by the above

copy.

Step ST17:

�[0043] The intra-�field predictive image generation circuit 21 defines the line data one higher than the uppermost line

of the above base block data as the line data Base�[- �1] .

Step ST18:

�[0044] The intra-�field predictive image generation circuit 21 stores the line data Base�[-�1] obtained at step ST17 in the

line data PRED�[-�1].

Step ST19:

�[0045] The intra- �field predictive image generation circuit 21 adds the line data PRED �[2i- �1] multiplied with the weighting

w1 and the line data PRED�[2i+1] multiplied with the weighting w2 according to the following Equation (2)� to generate

the 2i-�th line data PRED�[2i] of the corresponding prediction block data in the lower predictive image data L_�PREb.

�[0046]

Step ST20:

�[0047] The intra-�field predictive image generation circuit 21 outputs the line data PRED �[i] generated at step ST15 and

step ST19 as the lower predictive image data L_ �PREb �(FI) to the upper layer encoding circuit 14.

�[0048] Referring to FIG. 5, the intra-�frame predictive image generation circuit 22 will be explained.�

When the lower predictive image data L PRE input from the lower layer encoding circuit 12 is the top field data, as shown

in FIG. 9A, the intra-�frame predictive image generation circuit 22 is configured to perform the up sample processing

using the base block data Base in the lower predictive image data L PRE (top field data) corresponding to the macro

block MB to be encoded (current) and complementary block data Comp (bottom field data) of the base block data to

generate lower predictive image data L PREb�(FR) having the same resolution as that of the progressive image data S10_1.

Further, when the lower predictive image data L_ �PRE input from the lower layer encoding circuit 12 is the bottom field

data, as shown in FIG. 9B, the intra- �frame predictive image generation circuit 22 is configured to perform the up sample

processing using the base block data Base in the lower predictive image data L_�PRE (bottom field data) corresponding

to the macro block MB to be encoded (current) and complementary block data Comp (top field data) of the base block

data to generate the lower predictive image data L_�PREb �(FR) having the same resolution as that of the progressive

image data S10_1.

�[0049] FIG. 10 is a flow chart for explaining an example of the processing of the intra-�frame predictive image generation

circuit 22 shown in FIG. 5.

In the following explanation, the number of lines of the base block data in the lower predictive image data L PRE is



EP 1 811 786 A1

9

5

10

15

20

25

30

35

40

45

50

55

defined as N. Further, the i-�th line data of the base block data is defined as Base�[i]. Here, i is an integer of "0" to "N-�1".

�[0050] Steps ST32 to ST36 shown in FIG. 10 indicate the up sample processing of the top field shown in FIG. 9A and

FIG. 11, and steps ST37 to ST41 shown in FIG. 10 indicate the up sample processing of the bottom field shown in FIG.

9B and FIG. 12.

Step ST31:

�[0051] The intra-�frame predictive image generation circuit 22 proceeds to step ST32 when the lower predictive image

data L PRE input from the lower layer encoding circuit 12 is the top field data, and proceeds to step ST37 when the data

is not the top field data.

Step ST32:

�[0052] The intra-�frame predictive image generation circuit 22 copies the i-�th line data Base�[i] of the base block data

to the 2i- �th line data PRED [2i] of the corresponding prediction block data in the lower predictive image data L PREb. �

Namely, the intra-�frame predictive image generation circuit 22 generates line data PRED [0], [2], ..., [2N-�2] by the above

copy.

Step ST33:

�[0053] The intra- �frame predictive image generation circuit 22 enters the i-�th line data Comp �[i] of the complementary

block data corresponding to the base block data into the 2i+1-�th line data PRED�[2i+1].

Step ST34:

�[0054] The intra-�field predictive image generation circuit 21 defines line data one lower than the lowermost line of the

above base block data as the line data Base�[N].

Step ST35:

�[0055] The intra-�field predictive image generation circuit 21 stores the line data Base�[N] obtained at step ST34 in the

line data PRED�[2N].

Step ST36:

�[0056] The intra-�field predictive image generation circuit 21 adds the line data PRED�[2i] multiplied with the weighting

wl, the line data PRED�[2i+2] multiplied with the weighting w2, and the line data PRED�[2i+1] multiplied with the weighting

w3 according to the following Equation (3) to generate the 2i+1-�th line data PRED�[2i+1] of the corresponding prediction

block data in the lower predictive image data L_�PREb.

�[0057]

Step ST37:

�[0058] The intra-�field predictive image generation circuit 21 copies the i- �th line data Base �[i] of the base block data to

the 2i+1-�th line data PRED�[2i+1] of the corresponding prediction block data in the lower predictive image data L_�PREb.�

Namely, the intra-�field predictive image generation circuit 21 generates line data PRED�[1], [3], ..., [2N-�1] by the above

copy.

Step ST38:

�[0059] The intra- �frame predictive image generation circuit 22 substitute the i-�th line data Comp �[i] of the complementary

block data corresponding to the base block data in the 2i-�th line data PRED�[2i].
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Step ST39:

�[0060] The intra- �frame predictive image generation circuit 22 defines line data one higher than the uppermost line of

the above base block data as the line data Base�[-�1].

Step ST40:

�[0061] The intra- �frame predictive image generation circuit 22 stores the line data Base �[-�1] obtained at step ST39 in

the line data PRED�[- �1].

Step ST41:

�[0062] The intra- �frame predictive image generation circuit 22 adds the line data PRED �[2i-�1] multiplied with the weighting

wl, the line data PRED�[2i+1] multiplied with the weighting w2, and the line data PRED�[2i] multiplied with the weighting

w3 according to the following Equation (4) to generate the 2i-�th line data PRED�[2i] of the corresponding prediction block

data in the lower predictive image data L_�PREb.

�[0063]

Step ST42:

�[0064] The intra-�frame predictive image generation circuit 22 outputs the line data PRED �[i] of the prediction block data

generated at step ST36 and step ST41 as the lower predictive image data L_ �PREb �(FR) to the upper layer encoding

circuit 14.

[Upper Layer Encoding Circuit]

�[0065] The upper layer encoding circuit 14 is configured to encode the progressive image data S10_1 using the lower

predictive image data L_�PREb generated in the lower layer encoding circuit 12 input from the transform circuit 13 to

generate the upper encoded data S14.

�[0066] FIG. 13 is a diagram showing an example of the configuration of the upper layer encoding circuit 14.

The upper layer encoding circuit 14 has for example a screen rearrangement circuit 123, processing circuit 131, orthogonal

transform circuit 132, quantization circuit 133, rate control circuit 134, reversible encoding circuit 135, buffer memory

136, inverse quantization circuit 137, inverse orthogonal transform circuit 138, adder circuit 139, deblock filter 140, frame

memory 141, intra-�prediction circuit 142, and motion prediction and/or compensation circuit 143.

�[0067] The screen rearrangement circuit 123 is for example configured to rearrange the picture data of the progressive

image data S10_1 read out from the delay circuit 11 shown in FIG. 2 to the sequence of encoding in accordance with

the GOP structure comprised by picture types I, P, and B, and output the same as the picture data ORG to.be encoded

to the processing circuit 131, the intra-�prediction circuit 142, and the motion prediction and/or compensation circuit 143.

The processing circuit 131 is configured to generate image data indicating the difference between the picture data to

be encoded input from the screen rearrangement circuit 123 and the predictive image data PI input from the motion

prediction and/or compensation circuit 143 or the lower layer prediction circuit 145 and output this to the orthogonal

transform circuit 132.

The orthogonal transform circuit 132 is configured to apply a Discrete Cosine Transform, Karunen Loewe transform, or

other orthogonal transform to the image data input from the processing circuit 131 to generate image data indicating the

transform coefficient (for example DCT coefficient) and output this to the quantization circuit 133.

�[0068] The quantization circuit 133 is configured to quantize the image data (transform coefficient before quantization)

input from the orthogonal transform circuit 132 based on the quantization scale QS input from the rate control circuit

134 to generate the image data indicating the transform coefficient after quantization, and output this to the reversible

encoding circuit 135 and the inverse quantization circuit 137.

The rate control circuit 134 is for example configured to generate the quantization scale QS based on the image data

read out from the buffer memory 136, and output this to the quantization circuit 133.

The reversible encoding circuit 135 is configured to store the image data obtained by variable length encoding of the
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image data input from the quantization circuit 133 in the buffer memory 136. At this time, the reversible encoding circuit

135 stores attribute data EisTop and ETime input from the layering circuit 10 in the header data etc. Further, the reversible

encoding circuit 135 stores the motion vector MV input from the motion prediction and/or compensation circuit 143 or

the differential motion vector thereof, the discrimination data of the reference image data, and the intra-�prediction mode

input from the intra- �prediction circuit 142 in the header data etc.

�[0069] The image data stored in the buffer memory 136 is read out as the upper encoded data S14 to the multiplex

circuit 15 shown in FIG. 2.

The inverse quantization circuit 137 is configured to apply the inverse quantization processing corresponding to the

quantization of the quantization circuit 133 to the image data from the quantization circuit 133, generate the data obtained

by that, and output this to the inverse orthogonal transform circuit 138.

The inverse orthogonal transform circuit 138 is configured to apply the inverse transform to the orthogonal transform in

the orthogonal transform circuit 132 to the data input from the inverse quantization circuit 137 and output the thus

generated image data to the adder circuit 139.

The adder circuit 139 adds the image data input (decoded) from the inverse orthogonal transform circuit 138 and the

predictive image data PI input from the intra-�prediction circuit 142 or the motion prediction and/or compensation circuit

143 to generate the reference (recomposed) picture data and output this to the deblock filter 40.

�[0070] The deblock filter 140 is configured to eliminate the block distortion of the reference picture data input from the

adder circuit 139 and write the same into the frame memory 141.

The intra-�prediction circuit 142 is configured to determine the intra- �prediction mode and the block size of the prediction

block so that the residue becomes the minimum in the macro block to be intra- �coded. The intra-�prediction circuit 142

uses 4x4 and 16x16 pixels as the block size. The intra-�prediction circuit 142 is configured to output the predictive image

data PI by the intra-�prediction to the processing circuit 131 and the adder circuit 139 where the intra- �prediction is selected.

�[0071] The motion prediction and/or compensation circuit 143 is configured to perform the motion prediction based

on the reference picture data PEF already encoded, then locally decoded and stored in the frame memory 131 and

determine the motion vector and the block size of the motion compensation for minimizing the difference of the picture

data ORG to be encoded from the block data to be processed. The motion prediction and/or compensation circuit 143

uses for example any of 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4 pixels as the block size.�

The motion prediction and/or compensation circuit 143 is configured to output the predictive image data PI by inter-

prediction to the processing circuit 131 and the adder circuit 139 when inter-�prediction is selected.

�[0072] The lower layer prediction circuit 145 is configured to specify the predictive image data of the picture data ORG

having a smaller difference from the block data to be processed between the lower predictive image data L_�PREb �(FI)

and L_�PREb�(FR) input from the transform circuit 13 shown in FIG. 2.

�[0073] FIG. 14 is a diagram showing an example of the configuration of the lower layer prediction circuit 145.

The lower layer prediction circuit 145 has a subtractor circuit 81, subtractor circuit 82, and judgment circuit 83.

The subtractor circuit 81 is configured to generate difference data indicating the difference between the corresponding

pixel data, i.e., between the lower predictive image data L_�PREb �(FI) input from the intra-�field predictive image generation

circuit 21 shown in FIG. 5 and the block data to be processed in the picture data ORG to be encoded shown in FIG. 13,

and output this to the judgment circuit 83.

The subtractor circuit 82 is configured to generate difference data indicating the difference between the corresponding

pixel data, i.e., between the lower predictive image data L_�PREb �(FR) input from the intra-�frame predictive image gen-

eration circuit 22 shown in FIG. 5 and the block data to be processed in the picture data ORG to be encoded shown in

FIG. 13, and output this to the judgment circuit 83.

�[0074] The judgment circuit 83 is configured to store the difference data input from the subtractor circuit 81 in units of

block data to generate index data SAD�(FI). Further, the judgment circuit 83 is configured to store the difference data

input from the subtractor circuit 82 in units of block data to generate index data SAD �(FR).� Then, the judgment circuit 83

is configured to specify the smaller index data between the index data SAD�(FI) and the index data SAD �(FR). The

judgment circuit 83 is configured to output the lower predictive image data L_�PREb�(FI) or L_�PREb�(FR) corresponding

to the above specified smaller index data SAD (FI) or SAD (FR) to the processing circuit 131 when the lower layer

prediction circuit 145 is selected.

�[0075] Predictive image data PI where the difference from the picture data ORG to be encoded becomes the smallest

is selected from among the predictive image data PI generated by the intra- �prediction circuit 142, the motion prediction

and/or compensation circuit 143, and the lower layer prediction circuit 145 and output to the processing circuit 131.

The upper layer encoding circuit 14 is configured to store the prediction mode data PM indicating the finally selected

prediction mode in the header data and encode this in the reversible encoding circuit 135. The upper layer encoding

circuit 14 is configured to generate prediction mode data indicating the inter-�layer/ �intra-�field prediction when the lower

predictive image data L_�PREb �(FI) is selected. The upper layer encoding circuit 14 is configured to generate prediction

mode data indicating the inter- �layer/�intra- �frame prediction when the lower predictive image data L_�PREb�(FR) is selected.

�[0076] In the example explained above, the case where the recomposed image data generated in the lower layer
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encoding circuit 12 was used as the predictive image data of the intra-�predictve encoding in the upper layer encoding

circuit 14 was exemplified, but the recomposed image data and motion vector generated in the lower layer encoding

circuit 12 may be utilized as the predictive image data of the inter-�prediction encoding and the motion vector in the upper

layer encoding circuit 14. This mode may also be used as a selection candidate.

[Multiplex Circuit]

�[0077] The multiplex circuit 15 is configured to multiplex the lower encoded data S12 input from the lower layer encoding

circuit 12 and the upper encoded data S14 input from the upper layer encoding circuit 14 to generate the encoded data S2.

[Example of Operation of Encoding Device]

�[0078] An example of the operation of the encoding apparatus 2 shown in FIG. 2 will be explained next.�

The layering circuit 10, as shown in FIG. 2, generates the progressive image data (progressive signal) S10_1 and the

interlace image data S10_2 based on the image data S9 to be encoded. The layering circuit 10 outputs the picture data

FR1 to FR6 ... composing the above generated progressive image data S10_1 to the delay circuit 11. Further, the layering

circuit 10 outputs the above generated interlace image data S10_2 to the lower layer encoding circuit 12.

�[0079] The lower layer encoding circuit 12 encodes the interlace image data S10_2 input from the layering circuit 10

to generate the lower encoded data S12 and outputs this to the multiplex circuit 15. Further, the lower layer encoding

circuit 12 generates the lower predictive image data L PRE in the above encoding and outputs this to the transform

circuit 13.

�[0080] The transform circuit 13 interpolates the lower predictive image data L PRE input from the lower layer encoding

circuit 12, generates the lower predictive image data L_�PREb having the same resolution (number of scanning lines)

as that of the progressive image data S10_l input from the delay circuit 12 by the upper layer encoding circuit 14, and

outputs this to the upper layer encoding circuit 14.

�[0081] The delay circuit 11 delays the picture data composing the progressive image data (progressive signal) S10_1

input from the layering circuit 10 by for example exactly the processing time in the lower layer encoding circuit 12 and

the transform circuit 13 and outputs the result to the upper layer encoding circuit 14.

The upper layer encoding circuit 14 encodes the progressive image data S10-1 using the lower predictive image data

L_�PREb generated in the lower layer encoding circuit 12 input from the transform circuit 13 to generate the upper encoded

data S14.

The multiplex circuit 15 multiplexes the lower encoded data S12 input from the lower layer encoding circuit 12 and the

upper encoded data S14 input from the upper layer encoding circuit 14 to generate the encoded data S2.

<Decoding Device>

�[0082] FIG. 15 is a diagram showing an example of the configuration of the decoding apparatus 3 shown in FIG. 1.

The decoding apparatus 3 has for example a demultiplex circuit 51, delay circuit 52, lower layer decoding circuit 53,

transform circuit 54, and upper layer decoding circuit 55.

[Demultiplex Circuit]

�[0083] The demultiplex circuit 51 is configured to receive as input the encoded data S2 explained above generated

by the encoding apparatus 2, demultiplex this to the lower encoded data S12 and the upper encoded data S14, output

the lower encoded data S12 to the lower layer decoding circuit 53, and write the upper encoded data S14 into the delay

circuit 52.

[Delay Circuit]

�[0084] The delay circuit 52 is configured to delay the upper encoded data S14 input from the demultiplex circuit 51 by

exactly the processing time in the lower layer decoding circuit 53 and the transform circuit 54 and output the result to

the upper layer decoding circuit 55.

[Lower Layer Decoding Circuit]

�[0085] FIG. 16 is a diagram showing an example of the configuration of the lower layer decoding circuit 53.

The lower layer decoding circuit 53 has for example a storage buffer 60, reversible decoding circuit 61, inverse quantization

circuit 62, inverse orthogonal transform circuit 63, adder circuit 64, deblock filter 65, frame memory 66, screen rear-
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rangement buffer 67, intra- �prediction circuit 69, and motion prediction and/or compensation circuit 70.

�[0086] The lower encoded data S12 input from the demultiplex circuit 51 is written into the storage buffer 60.

�[0087] The reversible decoding circuit 61 is, when judging that the macro block MB to be processed in the lower

encoded data S12 is inter-�coded, configured to decode the motion vector written in the header portion thereof and output

the same to the motion prediction and/or compensation circuit 70. The reversible decoding circuit 61 is, when judging

that the macro block MB to be processed in the lower encoded data S12 is intra-�coded, configured to decode the intra-

prediction mode information written in the header portion thereof and output the same to the intra-�prediction circuit 69.

The reversible decoding circuit 61 is configured to decode the lower encoded data S12 and output the result to the

inverse quantization circuit 62. The reversible decoding circuit 61 is configured to decode the prediction mode data PM

included in the header portion and output the decoded result to for example the transform circuit 54 shown in FIG. 15.

�[0088] The inverse quantization circuit 62 is configured to inversely quantize the image data (orthogonal transform

coefficient) decoded in the reversible decoding circuit 61 based on the quantization parameter input from the reversible

decoding circuit 61 and output the result to the inverse orthogonal transform circuit 63.

�[0089] The inverse orthogonal transform circuit 63 is configured to apply the inverse orthogonal transform processing

of 4x4 to the image data orthogonal transform coefficient) input from the inverse quantization circuit 62 to generate the

differential image data and output the result to the adder circuit 64.

�[0090] The adder circuit 64 is configured to add the predictive image data PI from the motion prediction and/or com-

pensation circuit 70 or the intra-�prediction circuit 69 and the differential image data from the inverse orthogonal transform

circuit 63 to generate the image data and output this to the deblock filter 65.

�[0091] The deblock filter 65 is configured to apply deblock filtering to the image data input from the adder circuit 64

and write the decoded image data after processing into the frame memory 66 and the screen rearrangement buffer 67.

�[0092] The decoded image data stored in the frame memory 66 is read out as the lower predictive image data L_

PRE1 to the transform circuit 54 shown in FIG. 15.

�[0093] The intra-�prediction circuit 69 is configured to generate the predictive image data PI based on the intra- �prediction

mode input from the reversible decoding circuit 61 and the decoded image data read out from the frame memory 66

and output this to the adder circuit 64.

�[0094] The motion prediction and/or compensation circuit 70 is configured to generate the predictive image data PI

based on the decoded image data read out from the frame memory 66 and the motion vector input from the reversible

decoding circuit 61 and output this to the adder circuit 64.

�[0095] The screen rearrangement buffer 67 is configured to store the decoded image data written from the deblock

filter 65. The decoded image data stored in the screen rearrangement buffer 67 is output as the lower decoded image

data S53 in the sequence of display.

[Transform Circuit]

�[0096] Referring to FIG. 15, the transform circuit 54 will be explained.�

The transform circuit 54 is configured to interpolate lower predictive image data L_�PRE1 input from the lower layer

decoding circuit 53 based on the prediction mode data PM from the lower layer decoding circuit 53 to generate lower

predictive image data L_�PRE1b having the same resolution (number of scanning lines) as that of the upper encoded

data S14 read out from the delay circuit 52 by the upper layer decoding circuit 55 and output this to the upper layer

decoding circuit 55.

�[0097] FIG. 17 is a diagram showing an example of the configuration of the transform circuit 54.

The transform circuit 54 has for example an intra-�field predictive image generation circuit 221 and intra-�frame predictive

image generation circuit 222.

The intra-�field predictive image generation circuit 221 is configured to apply the interpolation explained with reference

to FIG. 6 to FIG. 8 with respect to the lower predictive image data L_�PRE1 to generate as the progressive image data

the lower predictive image data L_�PRE1b�(FI) having the same resolution as that of the upper encoded data S14 when

the prediction mode data PM indicates the inter-�layer/ �intra-�field prediction. �

The intra-�frame predictive image generation circuit 222 is configured to apply the interpolation explained with reference

to FIG. 9 to FIG. 12 with respect to the lower predictive image data L_ �PRE1 to generate as the progressive image data

the lower predictive image data L_�PRE1b �(FR) having the same resolution as that of the upper encoded data S14 when

the prediction mode data PM indicates the inter-�layer/ �intra-�frame prediction.�

The transform circuit 54 is configured to output the above generated lower predictive image data L_ �PRE1b �(FI) and L_

PRE1b�(FR) to the upper layer decoding circuit 55.

[Upper Layer Decoding Circuit]

�[0098] FIG. 18 is a diagram showing an example of the configuration of the upper layer decoding circuit 55.
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The upper layer decoding circuit 55 has for example a storage buffer 160, reversible decoding circuit 161, inverse

quantization circuit 162, inverse orthogonal transform circuit 163, adder circuit 164, deblock filter 165, frame memory

166, screen rearrangement buffer 167, intra-�prediction circuit 169, motion prediction and/or compensation circuit 170,

and lower layer prediction circuit 171.

�[0099] The storage buffer 160 has the upper encoded data S14 read out from the delay circuit 52 written into it.

�[0100] The reversible decoding circuit 161 is configured to decode the prediction mode data PM included in the header

data. �

The reversible decoding circuit 161 is configured to decode the motion vector written in the header portion of the macro

block MB and output the same to the motion prediction and/or compensation circuit 170 when the prediction mode data

PM indicates that the macro block MB to be processed in the upper encoded data S14 is inter-�coded. �

The reversible decoding circuit 161 is configured to decode the intra- �prediction mode information written in the header

portion of the macro block MB and output the same to the intra-�prediction circuit 169 when the macro block MB to be

processed in the upper encoded data S14 is intra- �coded.�

The reversible decoding circuit 161 is configured to notify the fact that the prediction mode data PM indicates the inter-

layer/�intra- �field prediction or inter- �layer/ �intra-�frame prediction fact to the lower layer prediction circuit 171 when it indicates

the same.�

The reversible decoding circuit 161 is configured to decode the upper encoded data S14 and output the result to the

inverse quantization circuit 162.

The reversible decoding circuit 161 is configured to output the prediction mode data PM to the motion prediction and/or

compensation circuit 170, intra-�prediction circuit 169, and lower layer prediction circuit 171.

�[0101] The inverse quantization circuit 162 is configured to inversely quantize the image data (orthogonal transform

coefficient) decoded in the reversible decoding circuit 161 based on the quantization parameter input from the reversible

decoding circuit 61 and output the result to the inverse orthogonal transform circuit 163.

�[0102] The inverse orthogonal transform circuit 163 is configured to apply the inverse orthogonal transform processing

of 4x4 to the image data (orthogonal transform coefficient) input from the inverse quantization circuit 162 to generate

the differential image data and output that to the adder circuit 164.

�[0103] The adder circuit 164 is configured to add the predictive image data PI from the motion prediction and/or

compensation circuit 170, intra- �prediction circuit 169, or lower layer prediction circuit 171 etc. and the differential image

data from the inverse orthogonal transform circuit 163 to generate the image data and output this to the deblock filter 165.

�[0104] The deblock filter 165 is configured to apply the deblock filtering to the image data input from the adder circuit

164 and write the decoded image data after processing into the frame memory 166 and the screen rearrangement buffer

167.

�[0105] The intra-�prediction circuit 169 is configured to generate the predictive image data PI based on the intra-

prediction mode indicated by the prediction mode data PM input from the reversible decoding circuit 161 and the decoded

image data read out from the frame memory 166 and output this to the adder circuit 164 when normal intra- �prediction

is designated.

�[0106] The motion prediction and/or compensation circuit 170 is configured to generate the predictive image data PI

based on the decoded image data read out from the frame memory 166 and the motion vector input from the reversible

decoding circuit 161 and output this to the adder circuit 164 when the prediction mode data PM indicates the inter-

prediction.

�[0107] The lower layer prediction circuit 171 is configured to output the lower predictive image data L_�PRE1b�(FI) and

L_�PRE1b�(FR) input from the transform circuit 54 or the data obtained by applying predetermined processing with respect

to that as the predictive image data to the adder circuit 164 when the prediction mode data PM indicates inter-�layer/

intra- �field prediction or inter- �layer/�intra-�frame prediction.

�[0108] The screen rearrangement buffer 167 is configured to store the decoded image data written from the deblock

filter 165. It is configured so that the decoded image data stored in the screen rearrangement buffer 167 is output as

the upper decoded image data S55 in the display sequence.

[Example of Operation of Decoding Device]

�[0109] The demultiplex circuit 51 is configured to receive as input the encoded data S2 explained above generated

by the encoding apparatus 2, demultiplex this to the lower encoded data S12 and the upper encoded data S14, output

the lower encoded data S12 to the lower layer decoding circuit 53, and write the upper encoded data S14 into the delay

circuit 52.

The delay circuit 52 is configured to delay the upper encoded data S14 input from the demultiplex circuit 51 by exactly

the processing time in the lower layer decoding circuit 53 and the transform circuit 54 and output the same to the upper

layer decoding circuit 55.

�[0110] The lower layer decoding circuit 53 is configured to decode the lower encoded data S12 to generate the lower
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decoded image data S53 and output this. Further, the lower layer decoding circuit 53 is configured to generate the lower

predictive image data L_�PRE1 �(FI) and L_ �PRE1 �(FR) and output these to the transform circuit 54.

�[0111] In the transform circuit 54, the lower predictive image data L_�PRE1 is transformed to the lower predictive image

data L_ �PRE1b�(FI) and L_ �PRE1b �(FR) having (FI) and (FR) progressive resolutions and output to the upper layer decoding

circuit 55.

The upper layer decoding circuit 55 is configured to decode the upper encoded data S14 based on the lower predictive

image data L_ �PRE1b�(FI) and L_�PRE1b �(FR) to generate the upper decoded image data S55 and output this.

�[0112] As explained above, according to the encoding and/or decoding system 1 of the present embodiment, the

encoding apparatus 2 can encode the progressive image data S10_1 in the upper layer and can encode the interlace

image data S10_2 in the lower layer when performing layered encoding. �

Further, according to the encoding and/or decoding system 1, the decoding apparatus 3 can decode the progressive

image data S10_1 and the interlace image data S10_2 which are layered encoded at the encoding apparatus 2.

�[0113] The present invention is not limited to the above embodiment.�

Namely, those skilled in the art may make various modifications, combinations, sub-�combinations, and alterations to the

elements of the above embodiment insofar as they are within the technical scope of the present invention or within the

scope of its equivalents.�

For example, all or part of the functions of the encoding apparatus 2 or decoding apparatus 3 explained above may be

executed by a processing circuit 353 such as a CPU (Central Processing Unit) according to the script of a program PRG

stored in a memory 352 as shown in FIG. 19.

In this case, the image data to be encoded or decoded is input, and processing results thereof are output via an interface

351.

�[0114] An example of the codes newly defined in the macro block layer in the embodiment explained above is shown

in the following Table 1 and Table 2.

�[0115] �[Table 1] �
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�[0116] �[Table 2] �
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�[0117] "lower#layer#intra#prediction#mode" shown in above Table 1 and Table 2 is the flag data stored in the encoded

data together with the prediction mode. �

The flag data indicates "0" when the up sample technique shown in FIG. 6 to FIG. 8 is used and indicates "1" when the

up sample technique shown in FIG. 9 to FIG. 12 is used.�

When the flag data does not exist, it is judged that "0" is indicated. "ae�(v)" indicates that the designated syntax is a

context-�adaptive entropy code.

�[0118] "base#id#plusl" is the parameter for specifying the base picture data used for predicting the motion vector of

the current picture, the pixel data, and the differential data. "adaptive#prediction#flag" indicates presence/�absence of

the syntax element in the macro block layer in the scalable extension and indicates "0" when there is nothing.

�[0119] When "base#mode#flag" indicates "1", mb#type of the current macro block is indicated, while when the reference

numeral is indicated, the motion vector is indicated in accordance with the corresponding base macro block.�

When "base#mode#flag" indicates "0", "mb#type" is not estimated when "base#mode#refinement#flag" is not "1".�

When "base#mode"flag" does not exist, "base#mode"flag" is estimated as follows.�

When "base#id#plus1" indicates "0", it is estimated that the value of "base#mode"flag" is "0". Where "base#id#plusl" does

not indicate "0", it is estimated that the value of "base#mode"flag" is "1".

�[0120] When "base#id#plus1" is larger than "0", and the base layer has a width of 1/2 and a height of 1/2 of those of

the current layer, HalfSpatResBaseFlag is set at "1", while it is set at "0" in cases other than that. "intra#base#mb

(CurrMbAddr)" is the function for returning "1" when the base macro block of CrarmbAddr is the I macro block and

returning "1" in cases other than that.

�[0121] The case where "base#mode#refinement#flag" indicates "1" indicates that the mb#type of the current macro

block and the reference numeral are estimated based on the corresponding base macro block. When "base#mode#re-

finement#flag" indicates "1", a motion vector obtained by adding 1/4 pixel resolution to the prediction value of the motion

vector obtained by using the motion vector of the base macro block is specified.�

When "base#mode#refinement#flag" indicates "0", mb#type is not estimated.

�[0122] "mb#type" indicates the macro block type. The semantic of "mb#type" depends upon the slice type.�

A case where "intra#base#flag" indicates "1" indicates the macro block type I#BL.�

When "intra#base#flag" does not exist, "intra#base#flag" is estimated as shown below.�

When "base#mode#flag" is "1" and "mb#type" is I_ �NxN, it is estimated that "intra#base#flag" is "1". It is estimated that

"intra#base#flag" is "0" in cases other than that.

�[0123] "I#NxN" indicates that the macro block type is any of intra 6x6, intra 4x4, or I_�BL.�

"I#BL" indicates that the prediction value thereof is not the peripheral pixel data, but the intra-�macro block obtained from

the base picture data.�

"interlace#base#layer" indicates that the source of the base layer is the interlace format.�

"progressive#curr#layer" indicates that the source of the current layer is the progressive format. "frame#struc-

ture#base#block" indicates that the base block is encoded by the frame structure.

�[0124] For reference, an embodiment of an encoding and/or decoding system including the encoding apparatus and

the decoding apparatus of the present invention will be explained.�

The correspondence between the configuration of the encoding and/or decoding system of the present embodiment

and the configuration of the present invention will be explained. �

The encoding apparatus 2 is an example of the encoding apparatus of the present invention. When the processing

content (function) of the encoding apparatus 2 is described by the program PRG exemplified in FIG. 19, this program

PRG is an example of the program of the present invention. Such a program is usually stored in a storage medium or

traded via the communication channel and performs operations when loaded in a computer. Accordingly, the program

of the present invention includes such a transaction format and operation format.�

The lower layer encoding circuit 12 explained with reference to FIG. 2 is an example of the first encoding means and

first encoding unit of the present invention; the transform circuit 13 is an example of the up sample processing means

and up sample processing unit, and the upper layer encoding circuit 14 is an example of the second encoding means

and second encoding unit.

�[0125] The decoding apparatus 3 is an example of the decoding apparatus of the present invention. When the process-

ing content (function) of the decoding apparatus 3 is described by the program PRG exemplified in FIG. 19, this program

PRG is an example of the program of the present invention. Such a program is usually stored in a storage medium or

traded via a communication channel and performs operations when loaded in the computer. Accordingly, the program

of the present invention includes such a transaction format and operation format.�

The lower layer decoding circuit 53 explained with reference to FIG. 15 is an example of the first decoding means and

first decoding unit of the present invention, the transform circuit 54 is an example of the up sample processing means

and up sample processing unit, and the upper layer decoding circuit 55 is an example of the second decoding means

and second encoding unit.



EP 1 811 786 A1

19

5

10

15

20

25

30

35

40

45

50

55

Claims

1. An encoding apparatus for encoding progressive image data and interlace image data corresponding to the pro-

gressive image data, the encoding apparatus comprising:�

a first encoding unit configured to encode picture data composing the interlace image data to generate first

encoded data and decode and recompose the first encoded data to generate recomposed image data,

an up sample processing unit configured to up sample the recomposed image data generated by the first

encoding unit to generate image data having the same resolution as that of the progressive image data, and

a second encoding unit configured to encode the picture data composing the progressive image data using the

image data generated by the up sample processing unit as predictive image data to generate second encoded

data.

2. An encoding apparatus as set forth in claim 1, wherein:�

the second encoding unit generates the second encoded data using as the predictive image data the image

data generated by the up sampling processing unit corresponding to the picture data of the interlace image data

to which the same time stamp as that of the picture data of the progressive image data to be encoded is assigned.

3. An encoding apparatus as set forth in claim 1, wherein:�

the up sample processing unit performs the interpolation to generate the predictive image data using as the

predictive image data only the picture data of the interlace image data to which the same time stamp as that of

the picture data to be encoded by the second encoding unit is assigned.

4. An encoding apparatus as set forth in claim 1, wherein:�

the up sample processing unit performs the interpolation to generate the predictive image data using as the

predictive image data the picture data of the interlace image data to which the same time stamp as that of the

picture data to be encoded by the second encoding unit is assigned and picture data paired with the picture

data of the interlace image data.

5. An encoding apparatus as set forth in claim 1, wherein:�

the up sample processing unit performs the interpolation to generate first predictive image data using only the

picture data of the interlace image data to which the same time stamp as that of the picture data to be encoded

by the second encoding unit is assigned and performs the interpolation to generate second predictive image

data using the picture data of the interlace image data to which the same time stamp as that of the picture data

to be encoded by the second encoding unit is assigned and picture data paired with the picture data of the

interlace image data, and

the second encoding unit performs the encoding by selecting as the predictive image data the predictive image

data having a smaller difference from the picture data to be encoded between the first predictive image data

and the second predictive image data.

6. An encoding apparatus as set forth in claim 1, wherein:�

the first encoding unit and the second encoding unit perform intra-�coding as the encoding.

7. An encoding apparatus as set forth in claim 1, wherein the second encoding unit

selects predictive image data minimizing the difference from the picture data to be encoded from among predictive

image data generated by intra-�prediction using the picture data to be encoded, predictive image data generated by

motion prediction and/or compensation, and predictive image generated by the up sample processing unit and

encodes the difference between the picture data to be encoded and the selected predictive image data.

8. An encoding apparatus as set forth in claim 1, further comprising a multiplex unit configured to multiplex the first

encoded data generated by the first encoding unit and the second encoded data generated by the second encoding

unit.
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9. An encoding apparatus for encoding progressive image data and interlace image data corresponding to the pro-

gressive image data, the encoding apparatus comprising:�

a first encoding means for encoding picture data composing the interlace image data to generate first encoded

data and decoding and recomposing the first encoded data to generate recomposed image data,

an up sample processing means for up sampling the recomposed image data generated by the first encoding

means to generate image data having the same resolution as that of the progressive image data, and

a second encoding means for encoding picture data composing the progressive image data using the image

data generated by the up sample processing means as predictive image data to generate second encoded data.

10. An encoding method for encoding progressive image data and interlace image data corresponding to the progressive

image data, the encoding method including:�

a first step of encoding picture data composing the interlace image data to generate first encoded data and

decoding and recomposing the first encoded data to generate recomposed image data,

a second step of up sampling the recomposed image data generated at the first step to generate image data

having the same resolution as that of the progressive image data, and

a third step of encoding the picture data composing the progressive image data using the image data generated

at the second step as predictive image data to generate second encoded data.

11. A decoding apparatus for decoding first encoded data obtained by encoding progressive image data and second

encoded data obtained by encoding interlace image data corresponding to the progressive image data, the decoding

apparatus comprising: �

a first decoding unit configured to decode the second encoded data,

an up sample processing unit configured to interpolate first predictive image data generated by the decoding

in the first decoding unit to generate second predictive image data, and

a second decoding unit configured to decode the first encoded data based on the second predictive image data

generated at the up sample processing unit.

12. A decoding apparatus for decoding first encoded data obtained by encoding progressive image data and second

encoded data obtained by encoding interlace image data corresponding to the progressive image data, the decoding

apparatus comprising: �

a first decoding means for decoding the second encoded data,

an up sample processing means for interpolating first predictive image data generated by the decoding in the

first decoding means to generate second predictive image data, and

a second decoding means for decoding the first encoded data based on the second predictive image data

generated at the up sample processing means.

13. A decoding method for decoding first encoded data obtained by encoding progressive image data and second

encoded data obtained by encoding interlace image data corresponding to the progressive image data, the decoding

method including: �

a first step of decoding the second encoded data,

a second step of interpolating the first predictive image data generated by the decoding at the first step to

generate second predictive image data, and

a third step of decoding the first encoded data based on the second predictive image data generated at the

second step.

14. A program executed by a computer for encoding progressive image data and interlace image data corresponding

to the progressive image data, which program makes the computer execute the following steps:�

a first routine of encoding the picture data composing the interlace image data to generate first encoded data

and decoding and recomposing the first encoded data to generate recomposed image data,

a second routine of up sampling the recomposed image data generated at the first routine to generate image

data having the same resolution as that of the progressive image data, and

a third routine of encoding the picture data composing the progressive image data using the image data generated
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in the second routine as predictive image data to generate second encoded data.

15. A program executed by a computer for decoding first encoded data obtained by encoding progressive image data

and second encoded data obtained by encoding interlace image data corresponding to the progressive image data,

which program makes the computer execute the following steps :�

a first routine of decoding the second encoded data,

a second routine of interpolating the first predictive image data generated by the decoding at the first routine to

generate second predictive image data, and

a third routine of decoding the first encoded data based on the second predictive image data generated at the

second routine.
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