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VIDEO ENCODING AND DECODING 
APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a division of Ser. No. 09/334,769, 
?led Jun. 16, 1999, noW U.S. Pat. No. 6,256,346, Which is 
a division of Ser. No. 09/111,751, ?led Jul. 8, 1998, noW 
U.S. Pat. No. 6,028,634, Which is a division of Ser. No. 
08/738,934, ?led Oct. 24, 1996, now US Pat. No. 5,818, 
531. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to video encoding and 
decoding apparatuses for encoding a picture signal at a high 
ef?ciency and transmitting or storing the encoded signal and, 
more particularly, to video encoding and decoding appara 
tuses With a scalable function capable of scalable coding by 
Which the resolution and the image quality can be changed 
into multiple layers. 

2. Description of the Related Art 
Generally, a picture signal is compression-encoded before 

being transmitted or stored because the signal has an enor 
mous amount of information. To encode a picture signal at 
a high efficiency, pictures Whose unit is a frame are divided 
into a plurality of blocks in units of a predetermined number 
of pixels. Orthogonal transform is performed for each block 
to separate the spacial frequency of a picture into frequency 
components. Each frequency component is obtained as a 
transform coefficient and encoded. 

As one function of video encoding, a scalability function 
is demanded by Which the image quality (SNR: Signal to 
Noise Ratio), the spacial resolution, and the time resolution 
can be changed step by step by partially decoding a bit 
stream. 

The scalability function is incorporated into Video Part 
(IS13818-2) of MPEG2 Which is standardized in ISO/IEC. 

This scalability is realized by hierarchical encoding meth 
ods. The scalability includes an encoder and a decoder of 
SNR scalability and also includes an encoder and a decoder 
of spacial scalability. 

In the encoder, layers are divided into a base layer (loWer 
layer) Whose image quality is loW and an enhancement layer 
(upper layer) Whose image quality is high. 

In the base layer, data is encoded by MPEG1 or MPEC2. 
In the enhancement layer, the data encoded by the base layer 
is reconstructed and the reconstructed base layer data is 
subtracted from the enhancement layer data. Only the result 
ing error is quantized by a quantization step size smaller than 
the quantization step size in the base layer and encoded. That 
is, the data is more ?nely quantized and encoded. The 
resolution can be increased by adding the enhancement layer 
information to the base layer information, and this makes the 
transmission and storage of high-quality pictures feasible. 
As described above, pictures are divided into the base 

layer and the enhancement layer, data encoded by the base 
layer is reconstructed, the reconstructed data is subtracted 
from the original data, and only the resulting error is 
quantized by a quantization step size smaller than the 
quantization step size in the base layer and encoded. 
Consequently, pictures can be encoded and decoded at a 
high resolution. This technique is called SNR scalability. 
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2 
In the encoder, an input picture is supplied to the base 

layer and the enhancement layer. In the base layer, the input 
picture is so processed as to obtain an error from a motion 
compensation prediction value obtained from a picture of 
the previous frame, and the error is subjected to orthogonal 
transform (DCT). The transform coe?icient is quantized and 
variable-length-decoded to obtain a base layer output. The 
quantized output is dequantized, subjected to inverse DCT, 
and added With the motion compensation prediction value of 
the previous frame, thereby obtaining a frame picture. 
Motion compensation prediction is performed on the basis 
of this frame picture to obtain the motion compensation 
prediction value of the previous frame. 

In the enhancement layer, on the other hand, the input 
picture is delayed until the prediction value is obtained from 
the base layer, and processing is performed to obtain an error 
from a motion compensation prediction value in the 
enhancement layer obtained from the picture of the previous 
frame. The error is then subjected to orthogonal transform 
(DCT), and the transform coefficient is; corrected by using 
the dequantized output from the base layer, quantized, and 
variable-length-decoded, thereby obtaining an enhancement 
layer output. The quantized output is dequantized, added 
With the motion compensation prediction value of the pre 
vious frame obtained in the base layer, and subjected to 
inverse DCT. A frame picture is obtained by adding to the 
result of the inverse DCT the motion compensation predic 
tion value of the previous frame obtained in the enhance 
ment layer. Motion compensation prediction is performed on 
the basis of this frame picture to obtain a motion compen 
sation prediction value of the previous frame in the enhance 
ment layer. 

In this Way, video pictures can be encoded by using the 
SNR scalability. Note that although this SNR scalability is 
expressed by tWo layers, various SNR reconstructed pictures 
can be obtained by increasing the number of layers. 

In the decoder, the variable-length decoded data of the 
enhancement layer and the variable-length encoded data of 
the base layer Which are separately supplied are separately 
variable-length-decoded and dequantized. The tWo dequan 
tized data are added, and the result is subjected to inverse 
DCT. The picture signal is restored by adding the motion 
compensation prediction value of the previous frame to the 
result of the inverse DCT. Also, motion compensation 
prediction is performed on the basis of a picture in an 
immediately previously frame obtained from the restored 
picture signal, thereby obtaining a motion compensation 
prediction value of the previous frame. 
The foregoing are examples of encoding and decoding 

using the SNR scalability. 
On the other hand, the spacial scalability is done on the 

basis of the spacial resolution, and encoding is separately 
performed in a base layer Whose spacial resolution is loW 
and an enhancement layer Whose spacial resolution is high. 
In the base layer, encoding is performed by using a normal 
MPEG2 encoding method. In the enhancement layer, 
up-sampling (in Which a high-resolution picture is formed 
by adding pixels such as average values between pixels of a 
low-resolution picture) is performed for the picture from the 
base layer to thereby form a picture having the same size as 
the enhancement layer. Prediction is adaptively performed 
on the basis of motion compensation prediction using the 
picture of the enhancement layer and motion compensation 
prediction using the up-sampled picture. Consequently, 
encoding can be performing at a high efficiency. 
The spacial scalability exists in order to achieve backward 

compatibility by Which, for example, a portion of a bit 
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stream of MPEG2 can be extracted and decoded by MPEG1 . 
That is, the spacial scalability is not a function capable of 
reconstructing pictures With various resolutions (reference: 
“Special Edition MPEG”, Television Magazine, Vol. 49, No. 
4, pp. 4584463, 1995). 
More speci?cally, the video encoding technology of 

MPEG2 aims to accomplish high-ef?ciency encoding of 
high-quality pictures and high-quality reconstruction of the 
encoded pictures. In this technology, pictures faithful to 
encoded pictures can be reconstructed. 

Unfortunately, With the spread of multimedia, there is a 
demand for a reconstructing apparatus capable of fully 
decoding data of high-quality pictures encoded at a high 
ef?ciency, as a system on the reconstruction side. In 
addition, there are demands for a system such as a portable 
system Which is only required to reconstruct pictures regard 
less of Whether the image quality is high, and for a simpli?ed 
system by Which the system price is decreased. 

To meet these demands, a picture is divided into, e. g., 8x8 
pixel matrix blocks and DCT is performed in units of blocks. 
In this case, 8x8 transform coefficients are obtained. 
Although it is originally necessary to decode the data from 
the ?rst loW frequency component to the eighth loW fre 
quency component, the data is decoded from the ?rst loW 
frequency component to the fourth loW frequency compo 
nent or from the ?rst loW frequency component to the sixth 
loW frequency component. In this manner decoding is sim 
pli?ed by restoring the picture by reconstructing the signal 
of 4x4 resolution or the signal of 6x6 resolution, rather than 
the signal of 8x8 resolution. 

Unfortunately, When a picture Which originally has 8x8 
information is restored by using 4x4 or 6x6 information, a 
mismatch occurs betWeen the restored value and the motion 
compensation prediction value, and errors are accumulated. 
This signi?cantly degrades the picture. Therefore, it is an 
important subject to overcome this mismatch betWeen the 
encoding side and the decoding side. 

Note that as a method of converting the spacial resolution 
in order to control the di?‘erence betWeen the spacial reso 
lutions on the encoding side and the decoding side, there is 
another method, although the method is not standardiZed, by 
Which the spacial resolution is made variable by inversely 
converting some coef?cients of orthogonal transform (e.g., 
DCT (Discrete Cosine Transform)) by an order smaller than 
the original order. 

Unfortunately, When motion compensation prediction is 
performed by using the resolution-converted picture, image 
quality degradation called a draft resulting from the motion 
compensation prediction occurs in the reconstructed picture 
(reference: IWahashi et al., “Motion Compensation for 
Reducing Drift in Scalable Decoder”, Shingaku Giho IE94 
97, 1994). 

Accordingly, the method has a problem as a technique to 
overcome the mismatch betWeen the encoding side and the 
decoding side. 
On the other hand, the spacial scalability exists in order to 

achieve backWard compatibility by Which, for example, a 
portion of a bit stream of MPEG2 can be extracted and 
decoded by MPEG1. That is, the spacial scalability is not a 
function of capable of reconstructing pictures With various 
resolutions (reference: “Special Edition MPEG”, Television 
MagaZine, Vol. 49, No. 4, pp. 4584463, 1995). Since hier 
archical encoding is performed to realiZe the scalability 
function as described above, information is divisionally 
encoded and this decreases the coding ef?ciency. 
A video encoding system belonging to a category called 

mid-level encoding is proposed in “J. Y. A. Wang et al., 
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4 
“Applying Mid-level Vision Techniques for Video Data 
Compression and Manipulation”, MIT. Media Lab. Tech. 
Report No. 263, February 1994”. 

In this system, a background and an object are separately 
encoded. To separately encode the background and the 
object, an alpha-map signal Which represents the shape of 
the object and the position of the object in a frame is 
necessary. An alpha-map signal of the background can be 
uniquely obtained from the alpha-map signal of the object. 

In an encoding system like this, a picture With an arbitrary 
shape must be encoded. As a method of encoding an 
arbitrary-shape picture, there is an arbitrary-shape picture 
signal orthogonal transform method described in previously 
?led Japanese Patent Application No. 7-97073. In this 
orthogonal transform method, the values of pixels contained 
in a speci?c domain are separated from an input edge block 
signal by a separation circuit (SEP), and an average value 
calculation circuit (AVE) calculates an average value a of the 
separated pixel values. 

If an alpha-map indicates a pixel in the speci?c domain, 
a selector (SEL) outputs the pixel value in the speci?c 
domain stored in a block memory (MEM). If the alpha-mad 
indicates another pixel, the selector outputs the average 
value a. The block signal thus processed is subjected to 
tWo-dimensional DCT to obtain transform coe?icients for 
pixels in the speci?c domain. 
On the other hand, inverse transform is accomplished by 

separating the pixel values in the speci?c domain from pixel 
values in the block obtained by performing inverse DCT for 
the transform coef?cient. 

As described above, in the scalable encoding method 
capable of dividing pictures into multiple layers, the coding 
ef?ciency is sometimes greatly decreased When video pic 
tures are encoded. In addition, scalable encoding by Which 
the resolution and the image quality can be made variable is 
also required in an arbitrary-shape picture encoding appa 
ratus Which separately encodes the background and the 
object. It is also necessary to improve the ef?ciency of 
motion compensation prediction encoding for an arbitrary 
shape picture. 
On the other hand, the mid-level encoding system has the 

advantage that a method of evenly arranging the internal 
average value of the object in the background can be realiZed 
With a feW calculations. HoWever, a step of pixel values is 
sometimes formed in the boundary betWeen the object and 
the background. If DCT is performed in a case like this, a 
large quantity of high-frequency components are generated 
and so the amount of codes is not decreased. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
encoding apparatus and a decoding apparatus capable of 
improving the coding ef?ciency When video pictures are 
encoded by a scalable encoding method by Which pictures 
can be divided into multiple layers. 

It is another object of the present invention to provide a 
scalable encoding apparatus and a scalable decoding appa 
ratus capable of mating the resolution and the image quality 
variable and improving the coding ef?ciency in an arbitrary 
shape picture encoding apparatus Which separately encodes 
a background and an object. 

It is still another object of the present invention to 
improve the ef?ciency of motion compensation prediction 
encoding for arbitrary-shape pictures. 

It is still another object of the present invention to 
alleviate the draWback that the code amount is not decreased 
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due to the generation of a large quantity of high-frequency 
components When DCT is performed, even if a step of pixel 
values is formed in the boundary betWeen an object and a 
background When a method of evenly arranging an internal 
average value of the object in the background is used. 

According to the present invention, there is provided a 
video encoding apparatus comprising: an orthogonal trans 
form circuit for orthogonally transforming an input picture 
signal to obtain a plurality of transform coefficients; a ?rst 
local decoder for outputting ?rst transform coefficients for a 
?ne motion compensation prediction picture on the basis of 
a previous picture; a second local decoder for outputting 
second transform coefficients for a coarse motion compen 
sation prediction picture on the basis of a current picture 
corresponding to the input picture signal; means for detect 
ing a degree of motion compensation prediction in the 
second local decoder; a selector for selectively outputting 
the ?rst and second transform coefficients in accordance 
With the degree of motion compensation prediction; a ?rst 
calculator for calculating a difference betWeen the transform 
coefficients of the orthogonal transform circuit and ones of 
the ?rst and second transform coefficients Which are selected 
by the selector, and outputting a motion compensation 
prediction error signal; a ?rst quantizer for quantizing the 
motion compensation prediction error signal from the ?rst 
adder an( outputting a ?rst quantized motion compensation 
prediction error signal; a second calculator for calculating a 
difference betWeen the second transform coefficients from 
the second local decoder and the transform coefficients from 
the orthogonal transform circuit, and outputting a second 
motion compensation prediction error signal; a second quan 
tizer for quantizing the motion compensation prediction 
error signal from the second calculator, and outputting a 
second quantized motion compensation prediction error 
signal; and an encoder for encoding the ?rst and second 
quantized motion compensation prediction error signals and 
outputting encoded signals. 

According to the present invention, there is provided a 
video encoding apparatus comprising: an orthogonal trans 
form circuit for dividing an input video signal into a plurality 
of blocks each containing N><N pixels and orthogonally 
transforming the input video signal in units of blocks to 
obtain a plurality of transform coefficients divided in spacial 
frequency bands; a ?rst motion prediction processing section 
for performing motion compensation prediction processing 
for the plurality of transform coefficients in order to obtain 
an upper-layer motion compensation prediction signal hav 
ing the number of data enough to obtain a high image 
quality; a second motion prediction processing section for 
performing motion compensation prediction processing for 
the plurality of transform coefficients in order to obtain a 
loWer-layer motion compensation prediction signal upon 
reducing the number of data; a decision section for deciding 
in motion compensation on the basis of the loWer-layer 
motion compensation prediction signal Whether motion 
compensation prediction is correct; a selector for selecting 
the upper-layer motion compensation prediction signal in 
response to a decision representing a correct motion com 
pensation prediction from the decision section, and the 
loWer-layer motion compensation prediction signal in 
response to a decision representing an incorrect motion 
compensation prediction; and an encoder for encoding one 
of the upper-laWyer motion compensation prediction signal 
and the loWer-layer motion compensation prediction signal 
Which is selected by the selector. 

According to the present invention, there is provided a 
video encoding apparatus for realizing SNR scalability in M 
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layers, comprising: an orthogonal transform circuit for 
dividing an input video signal into a plurality of blocks each 
containing N><N pixels and orthogonally transforming the 
input video signal in units of blocks to obtain a plurality of 
transform coefficients divided in spacial frequency bands; a 
?rst motion compensation prediction processing section for 
performing motion compensation prediction processing for 
the plurality of transform coe?icients in order to obtain an 
mth-layer (m=2 to M) motion compensation prediction 
signal; a second motion compensation prediction processing 
section for performing motion compensation prediction pro 
cessing for the plurality of transform coefficients in order to 
obtain an (m—l)th-layer motion compensation prediction 
signal; sWitching means for selecting the mth-layer motion 
compensation prediction signal of the ?rst motion compen 
sation prediction processing section in order to obtain an 
mth-layer prediction value When a quantized output from the 
second motion compensation prediction processing section 
is 0, and sWitching betWeen the mth-layer motion compen 
sation prediction signal and the (m—l)th-layer motion com 
pensation prediction signal in units of transform coe?icients 
in order to select the (m—l)th-layer motion compensation 
prediction signal When the quantized output is not less than 
1; means for calculating a difference signal betWeen an 
(m—l)th-layer dequantized output from the second motion 
compensation prediction processing section and an mth 
layer motion compensation prediction error signal obtained 
by a difference betWeen the mth-layer motion compensation 
prediction signal and the transform coef?cient from the 
orthogonal transform circuit; and encoding means for quan 
tizing and encoding the difference signal to output an 
encoded bit stream. 

According to the present invention, there is provided a 
video encoding/decoding system comprising: a video encod 
ing apparatus for realizing SNR (Signal to Noise Ratio) 
scalability in M layers, Which includes an orthogonal trans 
form circuit for dividing an input video signal into a plurality 
of blocks each containing N><N pixels and orthogonally 
transforming the input video signal in units of blocks to 
obtain a plurality of transform coefficients divided in spacial 
frequency bands, a ?rst motion compensation prediction 
processing section for performing motion compensation 
prediction processing for the plurality of transform coeffi 
cients in order to obtain an mth-layer (m=2 to M) motion 
compensation prediction signal, a second motion compen 
sation prediction processing section for performing motion 
compensation prediction processing for the plurality of 
transform coefficients in order to obtain an (m—l)th-layer 
motion compensation prediction signal, sWitching means for 
selecting the mth-layer motion compensation prediction 
signal of the ?rst motion compensation prediction process 
ing section in order to obtain an mth-layer prediction value 
When a quantized output from the second motion compen 
sation prediction processing section is 0, and sWitching 
betWeen the mth-layer motion compensation prediction sig 
nal and the (m—l)th-layer motion compensation prediction 
signal in units of transform coefficients in order to select the 
(m—l)th-layer motion compensation prediction signal When 
the quantized output is not less than 1, means for calculating 
a difference signal betWeen an (m—l)th-layer dequantized 
output from the second motion compensation prediction 
processing section and an mth-layer motion compensation 
prediction error signal obtained by a difference betWeen the 
mth-layer motion compensation prediction signal and the 
transform coe?icient from the orthogonal transform circuit, 
and encoding means for quantizing and encoding the dif 
ference signal to output an encoded bit stream; and a video 
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decoding apparatus Which includes means for extracting 
codes up to a code in the mth (m=2 to M) layer from the 
encoded bit stream from the video encoding apparatus, 
decoding means for decoding the codes of respective layers 
up to the mth layer, dequantization means for dequantizing, 
in the respective layers, the quantized values decoded by the 
decoding means, sWitching means for sWitching the mth 
layer (m=2 to M) motion compensation prediction value and 
the (m—l)th-layer motion compensation prediction value in 
units of transform coef?cients, and outputting the mth-layer 
motion compensation prediction value for the quantized 
output of 0 in the (m—l)th layer and the (m—l)th-layer 
motion compensation prediction value for the quantized 
output of not less than 1 in the (m—l)th layer in units of 
transform coef?cients in order to obtain the mth-layer pre 
diction value, and means for adding the mth-layer motion 
compensation prediction value and the (m—l)th-layer 
motion compensation prediction value to reconstruct the 
mth-layer motion compensation prediction error signal. 

According to the present invention, there is provided a 
video encoding apparatus comprising: an orthogonal trans 
form circuit for dividing an input video signal into a plurality 
of blocks each containing N><N pixels and orthogonally 
transforming an arbitrary-shape picture in units of blocks to 
obtain a plurality of transform coef?cients; means for encod 
ing and outputting an alpha-map signal for discriminating a 
background of a picture from an object thereof; means for 
calculating an average value of pixel values of an object 
portion using the alpha-map signal in units of blocks; means 
for assigning the average value to a background portion of 
the block; means for deciding using the alpha-map signal 
Whether a pixel in the object is close to the background; 
means for compressing, about the average value, the pixel in 
the object decided to be close to the background; and means 
for orthogonally transforming each block to output an 
orthogonal transform coef?cient. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention and, together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1 is a block diagram for explaining the present 
invention, shoWing the con?guration of an encoding appa 
ratus according to the ?rst embodiment of the present 
invention; 

FIG. 2 is a vieW for explaining the present invention, 
Which explains a prediction value sWitching method to be 
applied to the present invention; 

FIGS. 3A and 3B are block diagrams for explaining the 
present invention, shoWing the con?gurations of motion 
compensation prediction sections according to the ?rst 
embodiment of the present invention; 

FIG. 4 is a block diagram for explaining the present 
invention, shoWing the con?guration of a decoding appara 
tus according to the ?rst embodiment of the present inven 
tion; 
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FIG. 5 is a block diagram for explaining the present 

invention, shoWing the con?guration of an encoding appa 
ratus according to the second embodiment of the present 
invention; 

FIGS. 6A and 6B are block diagrams for explaining the 
present invention, shoWing the con?gurations of motion 
compensation prediction sections according to the second 
embodiment of the present invention; 

FIG. 7 is a block diagram for explaining the present 
invention, shoWing the con?guration of a decoding appara 
tus according to the second embodiment of the present 
invention; 

FIGS. 8A and 8B are block diagrams for explaining the 
present invention, shoWing the con?gurations of motion 
compensation prediction sections according to the third 
embodiment of the present invention; 

FIG. 9 is a vieW for explaining the present invention, 
Which illustrates an example of a quantization matrix used in 
the present invention; 

FIG. 10 is a vieW for explaining the present invention, 
Which illustrates an example of a quantization matrix used in 
the present invention; 

FIG. 11 shoWs an example of a quantization matrix 
obtained for the example shoWn in FIG. 2; 

FIG. 12 shoWs an example of a tWo-dimensional matrix 
Which is divided into eight portions in each of a horizontal 
direction (h) and a vertical direction (v); 

FIG. 13 shoWs a scan order for the example shoWn in FIG. 

2; 
FIG. 14 is a vieW for explaining the present invention, 

Which explains the fourth embodiment of the present inven 
tion; 

FIGS. 15A, 15B, and 15C are vieWs for explaining an 
example of a video transmission system to Which the video 
encoding apparatus and the video decoding apparatus 
according to the present invention are applied; 

FIG. 16 is a vieW for explaining a modi?cation of the 
second embodiment of the present invention, Which is a 
graph shoWing an example in Which an average value is 
arranged in a background; 

FIG. 17 is a vieW for explaining another modi?cation of 
the second embodiment of the present invention, Which is a 
graph for explaining an example in Which a step is 
decreased; 

FIG. 18 is a vieW for explaining still another modi?cation 
of the second embodiment of the present invention, Which 
illustrates examples of block pixel values; 

FIG. 19 is a vieW for explaining still another modi?cation 
of the second embodiment of the present invention, Which is 
a graph for explaining another example in Which a step is 
decreased; 

FIG. 20 is a vieW for explaining still another modi?cation 
of the second embodiment of the present invention, Which 
illustrates examples of block pixel values; 

FIG. 21 is a block diagram shoWing an example of an 
encoding apparatus as still another modi?cation of the 
second embodiment of the present invention; and 

FIG. 22 is a block diagram shoWing an example of a 
decoding apparatus as still another modi?cation of the 
second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the present invention, When motion compensation is to 
be performed in a transform coe?icient domain in units of 






































