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HIERARCHICAL IMAGE DECODING APPARATUS 
AND MULTIPLEXING METHOD 

FIELD OF THE INVENTION 

[0001] The present invention relates to a hierarchical 
image processing apparatus, a hierarchical image processing 
method, and a data storage medium, and more particularly, 
to a reduction of the amount of operational processing in a 
processing for compressively coding digital image signals 
having different resolutions and in a processing for multi 
plexing streams obtained by compressively coding image 
signals having different resolutions and storing or transmit 
ting the multiplexed streams. 

[0002] Further, the present invention relates to a data 
storage medium for storing the multiplexed stream obtained 
by multiplexing the streams, and a data storage medium for 
storing a program Which realiZes, by softWare, the compres 
sive coding or multiplexing that can reduce the amount of 
operational processing. 

BACKGROUND OF THE INVENTION 

[0003] As a digital image signal has huge amount of 
information, high coding efficiency is inevitably required to 
transmit or recording it. Recently, various image compres 
sive coding techniques have been proposed, among Which 
there is a technique carrying out hierarchical image coding 
Which is being developed. 

[0004] This technique carrying out hierarchical image 
coding is a method Which subjects the digital image signal 
to compressive coding so that the user can obtain digital 
image signals such as the spatial-resolution image and 
temporal-resolution image having different resolutions from 
a kind of a bit stream. Such a hierarchical image coding 
method, for example, carries out compressive coding to the 
digital image data of High De?nition Television (HDTV) 
and to the digital image data of Standard De?nition Televi 
sion (SDTV) simultaneously, relating them, and combines 
each coded image data having a different resolution to be 
transmitted. By this method, it is possible to regenerate 
digital image signal having the resolution, Which the user 
requires, by decoding the corresponding coded image data. 

[0005] A MPEG-based hierarchical image coding, Which 
is an example of the foregoing conventional hierarchical 
image coding, is explained referring to ?gures, as folloWs. 

[0006] FIG. 17 is a block diagram for explaining a con 
ventional MPEG-based hierarchical coding apparatus. 

[0007] This hierarchical coding apparatus 200 comprises a 
?rst compressive coding unit 1, a ?rst resolution conversion 
circuit 31 and a second compressive coding unit 2. The ?rst 
compressive coding unit 1 compressively codes an input 
digital image signal Sg. The ?rst resolution conversion 
circuit 31 subjects the digital image signal Sg to resolution 
conversion in a Way that its resolution is made a half both in 
the horiZontal and vertical directions, to output a loW 
resolution image signal Lg. The second compressive coding 
unit 2 compressively codes the loW-resolution image signal 
Lg. Before being input to the hierarchical coding apparatus 
200, the digital image signal Sg is divided into frames, and 
each frame is divided into coding units Which are tWo 
dimensional blocks of prescribed siZe. 
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[0008] The second compressive coding unit 2 comprises a 
predictive processing unit 2a, a subtraction processing unit 
20a, an information compression unit 2b, i.e., compressive 
coding means, and a variable-length coding unit 23. The 
predictive processing unit 2a receives the loW-resolution 
image signal Lg and generating predicted data Pg2 corre 
sponding to the data of portion of loW-resolution image 
signal Lg that is a target of coding (hereinafter referred to as 
target processing data). The subtraction processing unit 20a 
outputs either the difference betWeen the target processing 
data and the predicted data Pg2, or the target processing unit 
as it is, depending on a coding mode of the digital image 
signal Sg. The information compression unit 2b subjects an 
output Dg2 of the subtraction processing unit 20a to infor 
mation compression and outputs compressed data Qg2. The 
variable-length coding unit 23 subjects the output Qg2 of the 
information compression unit 2b to variable-length coding 
and outputs coded image data Eg2 (hereinafter referred to as 
loW-resolution coded data). 

[0009] In this case, the information compression unit 2b 
comprises a DCT circuit 21 and a quantiZation circuit 22. 
The DCT circuit 21 subjects the output data Dg2 of the 
subtraction processing unit 20a to the Discrete Cosine 
Transform (DCT) Which transforms data in spatial region to 
data in frequency region, and outputs a DCT coef?cient Tg2. 
The quantiZation circuit 22 quantiZes the DCT coef?cient 
Tg2 output from the DCT circuit 21 and outputs a quanti 
Zation coef?cient Qg2. 

[0010] Further, the second compressive coding unit 2 
comprises an information expansion unit 2c, i.e., decom 
pressive decoding means, and an addition processing unit 
20b. The information expansion unit 2c subjects the quan 
tiZation coef?cient Qg2 output from the information com 
pression unit 2b to information expansion and outputs 
expanded data ITg2. The addition processing unit 20b 
outputs either restored data Rg2 resulting from adding the 
expanded data ITg2 and the predicted data Pg2, or the 
expanded data ITg2 as it is as restored data Rg2, depending 
on a coding mode of the digital image signal Sg. The 
information expansion unit 2c comprises an inverse quan 
tiZation circuit 24 for inversely quantiZing the Qg2 output 
from the information compression unit 2b, and an inverse 
DCT circuit 25 for subjectinq the IQg2 output from the 
inverse quantiZation unit 24 to the inverse DCT that trans 
forms data in frequency region to data in spatial region, and 
outputting the expanded data ITg2. 

[0011] Further, the predictive processing unit 2a com 
prises a frame buffer 26, a motion detecting circuit 28 and 
a motion compensation circuit 27. The frame buffer 26 
stores the restored Rg2 output from the addition processing 
unit 20b. The motion detecting circuit 26 calculates a motion 
vector MV2 corresponding to the target processing data. The 
motion compensation circuit 27 obtains the predicted data 
Pg2 corresponding to the target processing data from the 
image data stored in the frame buffer 26, based on the 
motion vector MV2 from the motion detecting circuit 28. 
The hierarchical coding apparatus 200 further comprises a 
second resolution conversion circuit 32 for converting the 
predicted data Pg2 in a Way to make its resolution equal to 
the resolution of the digital image signal Sg. The output 
CPg2 of the second resolution conversion circuit 32 (here 
inafter referred to as resolution converted predicted data) is 
output to the ?rst compressive coding unit 1. 
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[0012] The ?rst compressive coding unit 1 has almost the 
same con?guration as the second compressive coding unit 2. 

[0013] That is, the ?rst compressive coding unit 1 com 
prises a predictive processing unit 1a, a subtraction process 
ing unit 10a, an information compression unit 1b, i.e., 
compressive coding means, and a variable-length coding 
unit 13. The predictive processing unit 1a receives the 
digital image signal Sg as a high-resolution image signal and 
generates predicted data Pg1 corresponding to the data of 
portion of high-resolution image signal Sg that is a target of 
coding (hereinafter referred to as target processing data). 
The subtraction processing unit 10a outputs either the dif 
ference betWeen the target processing data and the predicted 
data Pg1, or the target processing unit as it is, depending on 
a coding mode of the digital image signal Sg. The informa 
tion compression unit 1b subjects an output Dg1 of the 
subtraction processing unit 10a to information compression 
and outputs compressed data Qg1. The variable-length cod 
ing unit 13 subjects the output Qg1 of the information 
compression unit 1b to variable-length coding and outputs 
coded image data Eg1 (hereinafter referred to as high 
resolution coded data). 

[0014] In this case, the information compression unit 1b 
comprises a DCT circuit 11 and a quantization circuit 12. 
The DCT circuit 11 subjects the output data Dg1 of the 
subtraction processing unit 10a to DCT and outputs a DCT 
coef?cient Tg1. The quantization circuit 12 quantizes the 
DCT coefficient Tg1 output from the DCT circuit 11 and 
outputs a quantization coef?cient Qg1. 

[0015] Further, the ?rst compressive coding unit 1 com 
prises an information expansion unit 1c, i.e., decompressive 
decoding means, and an addition processing unit 10b. The 
information expansion unit 1c subjects the quantization 
coef?cient Qg1 output from the information compression 
unit 1b to information expansion and outputs expanded data 
ITg1. The addition processing unit 1b outputs either restored 
data Rg1 resulting from adding the expanded data ITg1 and 
the predicted data Pg2, or the expanded data ITg1 as it is as 
restored data Rg1, depending on a coding mode of the digital 
image signal Sg. The information expansion unit 1c com 
prises an inverse quantization circuit 14 for inversely quan 
tizing the Qg1 output from the information compression unit 
1b, and an inverse DCT circuit 15 for subjecting the IQg1 
output from the inverse quantization unit 14 to inverse DCT 
and outputting the expanded data ITg1. 

[0016] Further, the predictive processing unit 1a com 
prises a frame buffer 16, a motion detecting circuit 18 and 
a motion compensation circuit 17. The frame buffer 16 
stores the restored Rg1 output from the addition processing 
unit 10b. The motion detecting circuit 18 calculates a motion 
vector MV1 corresponding to the target processing data. The 
motion compensation circuit 17 obtains the predicted data 
Pg1 corresponding to tho target processing data from the 
image data stored in the frame buffer 16 and the resolution 
converted predicted data CPg2 Which is the output of the 
second image conversion circuit 32, based on the motion 
vector MV1 from the motion detecting circuit 18. 

[0017] The hierarchical coding apparatus 200 further com 
prises a multiplexing circuit 4 for multiplexing the high 
resolution coded data Eg1 output from the ?rst compressive 
coding unit 1 and the loW-resolution coded data Eg2 output 
from the second compressive coding unit 2 and outputting a 
multiplexed bit stream MEg. 
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[0018] The operation is described as folloWs. 

[0019] When the hierarchical coding apparatus 200 
receives the digital image signal Sg as it is separated into the 
frame units, as a video signal, initially, the ?rst resolution 
conversion circuit 31 subjects the image signal Sg to reso 
lution conversion in a Way to make its vertical and horizontal 
resolutions a half of the respective original resolutions, and 
outputs the loW-resolution image signal Lg. Thereafter, the 
loW-resolution image signal Lg is subjected to coding in the 
second compressive coding unit 2. 

[0020] To be speci?c, in the loW-resolution image signal 
Lg, for its intra-frame coding frames (hereinafter referred to 
as I frames), such as a ?rst frame, Which are targets of 
coding, each target processing data is subjected to intra 
frame coding frame coding Without calculating the differ 
ence betWeen the target processing data Which is a coding 
unit in the I frame, and the predicted data. 

[0021] That is, in the DCT circuit 21 the loW-resolution 
image signal Lg is subjected to DCT for each target pro 
cessing data corresponding to the tWo-dimensional block to 
be transformed to a DCT coef?cient Tg2. In the quantization 
circuit 22 the DCT coef?cient Tg2 is further transformed by 
quantization to a quantized coefficient Qg2 to be output to 
the variable-length coding circuit 23. In the variable-length 
coding circuit 23 the quantized coef?cient Qg2 is subjected 
to variable-length coding, and the corresponding loW-reso 
lution coded data Eg2 is output to the multiplexing circuit 4. 

[0022] At that time, in the information expansion unit 1c 
the quantized coef?cicnt data Qg2 is transformed to the 
restored data ITg2, Which is real-time data, to be output to 
the addition processing unit 20b. That is, in the inverse 
quantization unit 24 the quantized coef?cient Qg2 is trans 
formed by inverse quantization to the restored DCT coef? 
cient IQg2. Further, in the inverse DCT circuit 25 the 
restored DCT coef?cient IQg2 is transformed by inverse 
DCT to the restored ITg2. 

[0023] In the addition processing unit 20b, since the 
restored data ITg2 corresponds to the intra-frame coding 
frame, the restored data ITg2 is output as it is to the frame 
buffer 26 Without being subjected to addition, and is stored 
in the frame buffer 26. 

[0024] Since image data generally has high intra-frame 
coding frame correlation, energy is concentrated into the 
DCT coefficients corresponding to loWer frequency compo 
nents for the data in frequency region, i.e., DCT coef?cients, 
obtained by subjecting the image data to DCT. Therefore, in 
quantizing the DCT coefficient, it is possible to reduce the 
amount of data to be transmitted or recorded While holding 
a degradation in picture quality to a minimum by ?nely 
quantizing the DCT coef?cient corresponding to the impor 
tant loWer frequency component While roughly quantizing 
the DCT coef?cient corresponding to the visually unimpor 
tant higher frequency component. 

[0025] Further, image signals of frames (a P and a B 
frame) except the intra-frame coding frame in the loW 
resolution image signal Lg, are subjected to predictive 
coding in Which the image data required for prediction is 
obtained for each frame, the predicted data corresponding to 
the target processing data is calculated from the image data, 
and prediction error data Which is the difference betWeen the 
predicted data and the target processing data is coded. 
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[0026] To be speci?c, initially, in the motion detecting 
circuit 28 of the predictive processing unit 2a, the motion 
vector MV2, Which is used in predicting the target process 
ing data, is obtained in each tWo-dimensional block, for 
example, by the Well-knoWn exhaustive search. Thereafter, 
in the motion compensation circuit 27, a prescribed image 
data in the frame butter 26 is calculated as predicted data for 
the target processing data, based on the detected motion 
vector MV2. 

[0027] Thereafter, in the subtraction processing unit 20a 
the difference signal betWeen the predicted data and the 
target processing data is obtained as prediction error data for 
the target processing data. The prediction error data is, as 
similar to the target processing data for the intra-frame 
coding frame, transformed to the compressed data Qg2 by 
information compression in the DCT circuit 21 and the 
quantization circuit 22. Further, the compressed data Qg2 is 
coded by the variable-length coding circuit 23 to be output 
as the loW-resolution coded data Eg2 to the multiplexing 
circuit 4. At this time, the output Qg2 of the quantization 
circuit 22 is subjected to information expansion by the 
inverse quantization circuit 24 and the inverse DCT circuit 
25 to be output to the addition processing unit 20b. In the 
addition processing unit 20b, since the restored data ITg2 
that is the output of the information expansion unit 2c 
corresponds to the prediction error data, the restored data 
ITg2 is added to the predicted data corresponding to the 
target processing data to be output to the frame buffer 26. 

[0028] In such an inter-frame predictive coding, since the 
prediction error data that is the difference betWeen the target 
processing data and the corresponding predicted data is 
coded, energy, i.e., a data value, of the frequency region 
transformed by DCT is reduced compared With the case such 
as intra-frame coding Where the digital image signal is 
directly coded, thereby making possible higher ef?cient 
coding. 

[0029] Further, although the high-resolution image signal, 
that is, the input digital image signal Sg, is subjected to the 
almost similar coding for the loW-resolution image signal 
Lg, the coding for the high-resolution image signal Sg in the 
?rst compressive coding unit 1 differs from that for the 
loW-resolution image signal Lg in the second compressive 
coding unit 2 in the point Where the image data obtained 
from the loW-resolution image signal Lg is used When the 
predicted data for the target processing data of the high 
resolution image signal Sg is generated. 

[0030] That is, in the ?rst compressive coding unit 1, the 
generation of the predicted data corresponding to the target 
processing data is carried out by the motion compensation 
circuit 17, but at the time, the motion compensation circuit 
17 receives the high-resolution image data stored in the 
frame buffer 16 and the resolution converted predicted data 
that is the output from the second resolution conversion 
circuit 32, and then the motion compensation circuit 17 
calculates the differences betWeen the tWo data and the target 
processing data, and the data having the smaller difference 
is selected as reference data. 

[0031] Further, the high-resolution image data is the image 
data that corresponds to the tWo-dimensional block in the 
previous frame before the current frame Which is being a 
target of processing. The resolution converted predicted data 
is such that the image data corresponding to the tWo 
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dimensional block of the previous frame in the frame buffer 
26 is subjected to resolution conversion by the second 
resolution conversion circuit 32 in a Way in Which the 
resolution doubles in the horizontal and vertical directions. 

[0032] In such a hierarchical coding, for the digital image 
signal, i.e., the high-resolution image signal, that is not 
subjected to resolution conversion, the image data of the 
portion Where the error betWeen the high-resolution image 
signal and the loW-resolution image signal is small is not 
required to be coded, Whereby the coding ef?ciency can be 
increased. 

[0033] As described above, the loW-resolution and high 
resolution image signals Eg2 and Eg1, Which are obtained 
by coding the loW-resolution image signal Lg and the 
high-resolution image signal Sg, are multiplexed in the 
multiplexing circuit 4, and the multiplexed bit stream MEg 
is output. 

[0034] On the other hand, in a decoding apparatus Which 
decodes such a multiplexed bit stream MEg, the loW 
resolution image, i.e., SDTV, can be regenerated by taking 
the coded image data of loW-resolution from a kind of coded 
image data and decoding the same. Further the high-reso 
lution image, i.e., HDTV, can be regenerated by taking both 
of coded image data of loW-resolution and high-resolution 
from a kind of the coded image data and decoding the same. 

[0035] Thus, the user can sWitch loW-resolution image and 
high-resolution image, according to the situation, to carry 
out the regeneration. (For example, ISO/IEC IS 13818-2: 
Information technology-Generic coding of moving pictures 
and associated audio information-Part 2: Video”, 1996.5) 

[0036] HoWever, in the hierarchical coding apparatus hav 
ing the foregoing con?guration, the motion compensation 
circuit 17 of the ?rst compressive coding unit 1 receives both 
the high-resolution image data and the loW-resolution image 
data, i.e., resolution converted predicted data, as reference 
data used in prediction, selects either Which has the smaller 
error betWeen the target processing data and it, as reference 
data, and by the use of the selected reference data, generates 
the predicted data for the high-resolution target processing 
data, so that the con?guration of the motion compensation 
circuit 17 becomes much complicated. 

[0037] Further, in decoding, the loW-resolution image can 
be regenerated if applied to a decoding apparatus for a 
loW-resolution image. The high-resolution image cannot be 
regenerated as long as the loW-resolution coded data is not 
decoded, because the loW-resolution image is used in pre 
diction. Thus, in the decoding apparatus for high-resolution 
image that decodes high resolution coded data in the mul 
tiplexed bit stream coded by the conventional hierarchical 
coding apparatus, the con?guration of the decoding appa 
ratus for the loW-resolution side must be incorporated inside 
the decoding apparatus for the high-resolution side, so that 
the amount of calculation in decoding is increased along 
With the scale of hardWare. 

[0038] Further, in the conventional hierarchical decoding 
apparatus, the decoding unit for loW-resolution image sig 
nals and the decoding unit for high-resolution signals are 
required to be synchronized each other in their operation, so 
that the con?guration of the Whole apparatus becomes 
complicated. 






































