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METHOD FOR ENCODING AND DECODING 
VIDEO SIGNAL 

PRIORITY INFORMATION 

[0001] This application claims priority under 35 U.S.C. 
§ll9 on Korean Patent Application No. 10-2005-0057565, 
?led on Jun. 30, 2005, the entire contents of Which are 
hereby incorporated by reference. 

[0002] This application also claims priority under 35 
U.S.C. §ll9 on Us. Provisional Application No. 60/632, 
994, ?led on Dec. 6, 2004; the entire contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to a method for 
encoding and decoding a video signal, and more particularly 
to a method for encoding a video signal by employing a 
residual prediction mode and decoding the encoded video 
data. 

[0005] 2. Description of the Prior Art 

[0006] It is dif?cult to allocate a broadband available for 
TV signals to Wirelessly transmitted/received digital video 
signals Wirelessly transmitted/received from/in a portable 
phone and a notebook computer, Which have been exten 
sively used, and a mobile TV and a hand held PC, Which are 
expected to be extensively used in the future. Accordingly, 
a standard to be used for a video compression scheme for 
such portable devices must enable a video signal to be 
compressed With a relatively high ef?ciency. 

[0007] In addition, such portable mobile devices are 
equipped With various processing and presentation capabili 
ties. Accordingly, compressed videos must be variously 
prepared corresponding to the capabilities of the portable 
devices. Therefore, the portable devices must be equipped 
With video data having various qualities obtained through 
the combination of various parameters including the number 
of transmission frames per second, resolution, and the 
number of bits per pixel With respect to one video source, 
burdening content providers. 

[0008] For this reason, the content provider prepares com 
pressed video data having a high bit rate With respect to one 
video source so as to provide the portable devices With the 
video data by decoding the compressed video and then 
encoding the decoded video into video data suitable for a 
video processing capability of the portable devices request 
ing the video data. HoWever, since the above-described 
procedure necessarily requires trans-coding (decoding+scal 
ing+encoding), the procedure causes a time delay When 
providing the video requested by the portable devices. In 
addition, the trans-coding requires complex hardWare 
devices and algorithms due to the variety of a target encod 
mg. 

[0009] In order to overcome these disadvantages, there is 
suggested a Scalable Video Codec (SVC) scheme. Accord 
ing to the SVC scheme, a video signal is encoded With a best 
video quality in such a manner that the video quality can be 
ensured even though parts of the overall picture sequences 
(frame sequences intermittently selected from among the 
overall picture sequences) derived from the encoding are 
decoded. 
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[0010] A motion compensated temporal ?lter (or ?ltering) 
(MCTF) is an encoding scheme suggested for the SVC 
scheme. The MCTF scheme requires high compression 
ef?ciency, that is, high coding ef?ciency in order to loWer 
the number of transmitted bits per second because the 
MCTF scheme is mainly employed under a transmission 
environment such as mobile communication having a 
restricted bandWidth. 

[0011] As described above, although it is possible to 
ensure video quality even if only a part of the sequence of 
a picture encoded through the MCTF, Which is a kind of the 
SVC scheme, is received and processed, video quality may 
be remarkably degraded if a bit rate is loWered. In order to 
overcome the problem, an additional assistant picture 
sequence having a loW transmission rate, for example, a 
small-siZed video and/or a picture sequence having the 
smaller number of frames per second may be provided. 

[0012] The assistant picture sequence is called a base 
layer, and a main picture sequence is called an enhanced (or 
enhancement) layer. Since the base layer and the enhanced 
layer are obtained by encoding the same video contents With 
different spatial resolution and frame rates, redundancy 
information exists in video signals of both layers. Accord 
ingly, in order to improve coding efficiency of the enhanced 
layer, a variety of schemes for predicting the frame of the 
enhanced layer based on the frame of the base layer have 
been suggested. 
[0013] For example, there is a scheme for coding a motion 
vector of an enhanced layer picture by using a motion vector 
of a base layer picture temporally simultaneous With the 
motion vector of the enhanced layer picture. In addition, it 
is possible to make a prediction video for a video frame of 
the enhanced layer on the basis of the video frame of the 
base layer temporally simultaneous With the video frame of 
the enhanced layer. 

[0014] In addition, an additional prediction operation may 
be performed With respect to the prediction video of the 
enhanced layer created in relation to the main picture 
sequence by using a prediction video of the base layer 
created in relation to the assistance picture sequence. This is 
called a “residual prediction” mode. Herein, the prediction 
video denotes an image difference value found by perform 
ing a prediction operation for a macro block. In other Words, 
the prediction video denotes a video having residual data. 
Hereinafter, a macro block having a residual data is called a 
“residual block”, and a frame having the residual data is 
called a “residual frame”. 

[0015] In more detail, a residual block of an enhanced 
layer is found through a prediction operation for a macro 
block in a predetermined frame of a main picture sequence, 
and the prediction operation is performed even for the 
assistance picture sequence, thereby creating the residual 
block and the residual frame of the base layer. Thereafter, a 
residual block of the base layer corresponding to the macro 
block is found. The residual block of the base layer under 
goes up-sampling, so that the siZe of the residual block of the 
base layer is enlarged corresponding to the siZe of the macro 
block. The pixel values of the enlarged residual block of the 
base layer are subtracted from the pixel values of the 
residual block of the enhanced layer, and the resultant value 
is encoded for the macro block. 

[0016] FIG. 1 illustrates the conventional residual predic 
tion mode based on a macro block. Herein, an enhanced 
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layer has a frame rate of 30 HZ and frame resolution of CIF. 
In contrast, a base layer has a frame rate of 15 HZ and frame 
resolution of QCIF. 

[0017] A fourth residual block R_MB_4 and a ?fth 
residual block R_MB_S of the base layer corresponding to 
a ?rst residual block R_MB_l and a third residual block 
R_MB_3 encoded using residual data in the enhanced layer 
are undergone up-sampling such that the resolution of the 
residual blocks of the base layer are enhanced to the CIF. 
Based on the residual blocks of the base layer having the 
enhanced resolution, the prediction operation for the 
residual block of the enhanced layer is performed. 

[0018] However, since a residual block of the base layer 
corresponding to the second residual block of the enhanced 
layer R_MB_2 may not exist, it is dif?cult to ?nd a predicted 
video based on the residual block of the base layer. 

[0019] In other Words, in order to apply the residual 
prediction mode, a residual block of the base layer corre 
sponding to a macro block of the enhanced layer must exist. 
In addition, the residual prediction mode cannot be applied 
even if a residual frame temporally simultaneous With a 
frame including a macro block of the enhanced layer does 
not exist in the base layer. 

[0020] Accordingly, When the enhanced layer has a frame 
rate higher than that of the base layer, a frame temporally 
simultaneous With a frame including a macro block of the 
enhanced layer to be encoded using residual data or differ 
ence values of residual data may not exist in the base layer. 
Such a frame, Which does not exist in the base layer, is called 
a ‘missing picture’. A residual prediction mode cannot be 
applied to the macro block of the enhanced layer if the base 
layer has the missing picture. Accordingly, it is dif?cult to 
expect the improvement of coding ef?ciency. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, the present invention has been made 
to solve the above-mentioned problems occurring in the 
prior art, and an object of the present invention is to provide 
a method for encoding a video signal by applying a residual 
prediction mode for a macro block of an enhanced layer 
even if a frame temporally simultaneous With a frame of the 
enhanced layer does not exist in a base layer and a method 
for decoding the encoded video signal to improve coding 
ef?ciency. 
[0022] To accomplish the above objects, there is provided 
a method for encoding a video signal, the method compris 
ing the steps of generating a bit stream of a ?rst layer by 
encoding the video signal through a ?rst predetermined 
scalable scheme, and generating a bit stream of a second 
layer by encoding the video signal through a second prede 
termined scheme, Wherein the step of generating the bit 
stream of the ?rst layer includes a ?rst step of generating a 
prediction video of a video block using frames selected from 
frames of the second layer, in Which the frames consist of 
blocks encoded in such a manner that the blocks have 
residual data corresponding to difference values of pixels 
betWeen the reference block and the encoded blocks and 
include a past frame and a future frame With respect to a 
predetermined frame of the ?rst layer having the video block 
encoded using residual blocks having the residual data. 

[0023] The ?rst step comprises the sub-steps of generating 
an insert block temporally simultaneous With the predeter 
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mined frame by using corresponding blocks, Which are 
included in the past frame and the future frame of the second 
layer and have relative positions identical to a relative 
position of the video block in a frame, and enlarging a siZe 
of the insert block corresponding to a siZe of the video block 
if there is no frame in the second layer temporally simulta 
neous With the predetermined frame, and ?nding difference 
values of residual data for the video block by subtracting 
pixel values of the enlarged insert block from pixel values of 
the residual block. 

[0024] The insert block is generated by Weighting a ?rst 
corresponding block in the past frame of the second layer 
and a second corresponding bock in the future frame of the 
second layer, respectively. 

[0025] The method further comprises a step of recording 
?rst information on a header of the video block indicating 
that the video block is encoded using difference values of 
residual data based on the past frame and the future frame of 
the second layer. 

[0026] According to another aspect of the present inven 
tion, there is provided a method for encoding a video signal, 
the method comprising the steps of (l) generating a residual 
block having residual data, Which are difference values of 
pixels betWeen a video block included in a predetermined 
frame of the video signal and a reference block for the video 
block, and (2) generating a prediction video for the video 
block using a past frame and a future frame of the prede 
termined frame, the prediction video including blocks 
encoded in such a manner that the blocks have the residual 
data. 

[0027] According to another aspect of the present inven 
tion, step (2) includes the steps of (2-1) generating an insert 
block temporally simultaneous With the predetermined 
frame by using corresponding blocks, Which are included in 
the past frame and the future frame on the second layer and 
have relative positions identical to a position of the video 
block in a frame, and (2-2) ?nding difference values of 
residual data for the video block by subtracting pixel values 
of the insert block from pixel values of the residual block. 

[0028] According to still another aspect of the present 
invention, there is provided a method for decoding an 
encoded video bit stream, the method comprising the steps 
of decoding a bit stream of a second layer scalably encoded 
through a second predetermined scheme, and decoding a bit 
stream of a ?rst layer encoded through the second prede 
termined scheme using decoding information extracted from 
the bit stream of the second layer, Wherein the step of 
decoding the bit stream of the ?rst layer includes a ?rst step 
of restoring a video block, Which is included in a predeter 
mined frame of the ?rst layer and encoded using difference 
values of residual data, such that the video block has original 
pixel values by using frames, Which are a past frame and a 
future frame With respect to the predetermined frame of the 
?rst layer, selected from frames of the second layer and 
consisting of blocks encoded to have residual data, or by 
using frames, Which are a past frame and a future frame With 
respect to the predetermined frame of the ?rst layer, selected 
from frames of the ?rst layer and consisting of blocks 
encoded to have residual data. 

[0029] According to yet another aspect of the present 
invention, there is provided a method for decoding an 
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encoded video bit stream, the method comprising the steps 
of (1) determining if a video block included in a predeter 
mined frame of the bit stream scalably encoded through a 
predetermined scheme is encoded using difference values of 
residual data, and 

[0030] (2) restoring the video block to a block having 
original pixel values by using a past frame and a future 
frame of the predetermined frame, the past frame and the 
future frame including blocks encoded in such a manner that 
the blocks have residual data When the video block is 
encoded using difference values of residual data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The above and other objects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0032] FIG. 1 is a schematic vieW illustrating the conven 
tional residual prediction mode based on a macro block; 

[0033] FIG. 2 is a block diagram illustrating the structure 
of an image signal encoding device employing a scalable 
coding scheme for a video signal according to an embodi 
ment of the present invention; 

[0034] FIG. 3 is a vieW illustrating temporal decomposi 
tion With respect to a video signal in some one temporal 
decomposition level; 

[0035] FIG. 4 is a vieW illustrating a case in Which a 
residual prediction mode is applied to a macro block of an 
enhanced layer by using a past residual frame and a future 
residual frame in a base layer of a frame including the macro 
block of the enhanced layer according to an embodiment of 
the present invention; 

[0036] FIG. 5 is a vieW illustrating a case in Which a 
residual prediction mode is applied to a macro block of an 
enhanced layer by using a past residual frame and a future 
frame in an enhanced layer of a frame including the macro 
block of the enhanced layer according to another embodi 
ment of the present invention; and 

[0037] FIG. 6 is a block diagram illustrating the structure 
of a decoder for decoding a data stream encoded by the 
device shoWn in FIG. 2. 

[0038] FIG. 7 is a block diagram illustrating the structure 
of a decoder for executing an MCTF scheme according to 
one exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. In the folloWing description and draWings, 
the same reference numerals are used to designate the same 
or similar components, and so repetition of the description 
on the same or similar components Will be omitted. 

[0040] FIG. 2 is a block diagram illustrating the structure 
of a video signal encoding device employing a scalable 
coding scheme for a video signal according to the present 
invention. 
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[0041] The video signal encoding device shoWn in FIG. 2 
includes an enhanced layer (EL) encoder 100 for scalably 
encoding an input video signal based on a macro block 
through a Motion Compensated Temporal Filter (MCTF) 
scheme and generating suitable management information, a 
texture coding unit 110 for converting the encoded data of 
each macro block into a compressed bit string, a motion 
coding unit 120 for coding motion vectors of a video block 
obtained from the EL encoder 100 into a compressed bit 
string through a speci?c scheme, a base layer encoder 150 
for encoding an input video signal through a predetermined 
scheme such as the MPEG 1, 2, 4, H.261, or H.264 and 
generating the sequence of small-siZed videos, for example, 
the sequence of pictures having 25% of an original video 
siZe if necessity, a muxer 130 for encapsulating the output 
data of the texture coding unit 110, the picture sequence of 
the BL encoder 150, and an output vector data of the motion 
coding unit 120 in a predetermined format, multiplexing the 
data With each other in a predetermined format, and then 
outputting the multiplexed data. 

[0042] The EL encoder 100 performs a prediction opera 
tion for subtracting a reference block obtained through 
motion estimation from a macro block in a predetermined 
video frame (or picture) and performs an update operation 
by adding the image difference betWeen the macro block and 
the reference block to the reference block. In addition, the 
EL encoder 100 may additionally perform a residual pre 
diction operation With respect to the macro block represent 
ing the image difference With regard to the reference block 
by using base layer data. 

[0043] The EL encoder 100 divides the sequence of input 
video frames into frames, Which Will have image difference 
values, and frames, to Which the image difference values Will 
be added. For example, the EL encoder 100 divides the input 
video frames into odd frames and even frames. Then, the EL 
encoder 100 performs the prediction operation, the update 
operation, and the residual predication operation With 
respect to, for example, one group of pictures (GOP) 
through several levels until the number of L frames (frames 
generated through the update operation) becomes one. FIG. 
3 illustrates the structure relating to the prediction operation, 
the update operation, and the residual predication operation 
in one of the above levels. 

[0044] The structure shoWn in FIG. 3 includes a BL 
decoder 105, for extracting encoded information including a 
frame rate of a base layer stream for the small-siZed image 
sequence encoded in the BL encoder 150 and decoding the 
base layer stream, an estimation/prediction unit 101 for 
estimating a reference block for each macro block included 
in a frame, Which may have residual data through motion 
estimation, that is an odd frame, in even frames provided 
before or after the odd frame (inter-frame mode) or in its 
oWn frame (intra mode) and performing a prediction motion 
for calculating a motion vector and/or a image difference 
betWeen the macro block and the reference block (difference 
values betWeen corresponding pixels), an update unit 102 
for performing the update operation through Which an image 
difference calculated With respect to the macro block is 
normaliZed and the normalized image difference is added to 
a corresponding reference block in the adjacent frame (e.g., 
the even frame) including the reference block for the macro 
block, and a residual prediction unit 103 for performing an 
additional prediction operation, that is, a residual prediction 
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operation by using a residual block in the enhanced layer or 
the base layer corresponding to the residual block having 
residual data (image difference) generated through the pre 
diction operation of the estimation/prediction unit 101. 

[0045] The operation performed by the estimation/predic 
tion unit 101 is called a “P” operation, a frame generated 
through the P operation is called an “H” frame, and residual 
data existing in the H frame re?ects a harmonic component 
of a video signal. In addition, the operation performed by the 
update unit 102 is called a “U” operation, a frame generated 
through the U operation is called an “L” frame, and the L 
frame has a loW sub-band picture. 

[0046] The estimation/prediction unit 101, the update unit 
102, and the residual predication unit 103 shoWn in FIG. 3 
can parallely and simultaneously process a plurality of slices 
divided from one frame instead of a frame unit. In the 
folloWing description, the term “frame” can be replaced With 
the “slices” if it does not make technical difference, that is, 
the frame includes the meaning of the slices. 

[0047] The estimation/prediction unit 101 divides input 
video frames or odd frames of L frames obtained through all 
levels into macro blocks having a predetermined siZe, 
searches temporally adjacent even frames in the same tem 
poral decomposition level for blocks having the most similar 
images to images of divided macro blocks, makes a predic 
tion video of each macro block based on the searched block, 
and ?nds a motion vector of the macro block. If a block 
having correlation above a suitable threshold value is not 
searched, that is, if a reference block is not searched, 
encoding is performed in the internal mode With respect to 
a current macro block using adjacent pixel values. 

[0048] A block having the highest correlation has the 
smallest image difference betWeen the block and a target 
block. The image difference is determined as the sum of 
pixel-to-pixel difference values or the average of the sum. 
The smallest macro block (the smallest macro blocks among 
blocks) having at most a predetermined threshold value is 
(are) called a reference block (reference blocks). 

[0049] If the reference block is found, the estimation/ 
prediction unit 101 ?nds a motion vector to the reference 
block from the current macro block to be delivered to the 
motion coding unit 120 and calculates a pixel difference 
value betWeen each pixel value of the reference block (in a 
case of one frame) and each pixel value of the current macro 
block, or a pixel difference value betWeen each pixel average 
value of the reference block (in a case of plural frames) and 
the pixel value of the current macro block, thereby encoding 
a corresponding macro block. In addition, the estimation/ 
prediction unit 101 inserts a relative distance betWeen a 
frame including the selected reference block and a frame 
including the current macro block and/or one of reference 
block modes such as a Skip mode, a DirInv mode, a Bid 
mode, a FWd mode, a BWd mode, and an intra mode into a 
header ?eld of the corresponding macro block. 

[0050] The estimation/prediction unit 101 performs the 
procedure With respect to all macro blocks in a frame, 
thereby making an H frame Which is a prediction video for 
the frame. In addition, the estimation/prediction unit 101 
makes H frames, Which are prediction videos for frames, 
With respect to input video frames or all odd frames of L 
frames obtained through all levels. 
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[0051] As described above, the update unit 102 adds 
image difference values for macro blocks in the H frame 
generated by the estimation/prediction unit 101 to L frames 
(input video frames or even frames of L frames obtained 
through all levels) having corresponding reference blocks. 

[0052] In the meantime, the residual prediction unit 103 
searches for a residual block of the base layer corresponding 
to a residual block (for an enhanced layer) of an H frame 
(residual frame) having residual data generated in the esti 
mation/prediction unit 101 and enlarging the residual block 
of the base layer through up-sampling, and subtracts the 
pixel values of the enlarged residual block of the base layer 
from the pixel values of the residual block of the enhanced 
layer, thereby additionally enabling a residual prediction 
operation. 

[0053] HoWever, if a residual frame temporally simulta 
neous With a current frame including a residual block of the 
enhanced layer does not exist in the base layer output in the 
BL decoder 105, there is no residual block of the base layer 
corresponding to the residual block of the enhanced layer. 

[0054] In this case, the residual prediction unit 103 
according to the present invention may perform a residual 
prediction operation using the residual frame of the 
enhanced layer or an adjacent residual frame of the base 
layer. 

[0055] For example, the residual prediction unit 103 may 
perform the residual prediction operation based on a past 
frame and a future frame of a current frame including the 
residual block of the enhanced layer from among residual 
frames of the base layer. 

[0056] In addition, in the case in Which there is no the 
residual block of the bas layer corresponding to the residual 
block of the enhanced layer, the residual prediction unit 103 
according to the another embodiment of the present inven 
tion may perform the residual prediction operation based on 
the past frame and the future frame of the current frame 
including the residual block from among residual frames of 
the enhanced layer, that is, H frames generated by the 
estimation/prediction 101. 

[0057] Hereinafter, embodiments according to the present 
invention employing a residual estimation mode for the 
residual block of the enhanced layer When a residual frame 
temporally simultaneous With the current frame including 
the residual block of the enhanced layer does not exist in the 
base layer Will be described With reference to FIGS. 4 and 
5. 

[0058] FIG. 4 is a vieW illustrating a case in Which a 
residual estimation mode is applied to a macro block of an 
enhanced layer by using a past residual frame and a future 
residual frame in a base layer of a frame including the macro 
block of the enhanced layer according to an embodiment of 
the present invention. 

[0059] The embodiment shoWn in FIG. 4 may be 
employed for a case in Which a residual frame temporally 
simultaneous With a current frame including a residual block 
R_MB_2 of an enhanced layer does not exist in a base layer. 
The existence of the simultaneous residual frame in the base 
layer is determined by determining if a frame having the 
same picture order count (POC), Which is the current frame, 
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exists in the base layer based on the POC informing a picture 
decoding order from among encoding information extracted 
from the BL decoder 105. 

[0060] The residual prediction unit 103 creates an insert 
residual block of the base layer temporally simultaneous 
With a residual block of the enhanced layer by Weighting 
pixel values of residual blocks R_MB_4 and R_MB_S (the 
residual blocks have the same relative positions in frames), 
Which correspond to the residual block R_MB_2 of the 
enhanced layer and are included in the past residual frame 
and the future residual frame of the base layer, using a 
suitable Weight value. Then, the residual prediction unit 103 
enlarges the siZe of the insert residual block of the base layer 
to the siZe of the macro block of the enhanced layer by 
up-sampling the insert residual block. 

[0061] Herein, the Weight values are values betWeen 0 and 
1 selected in such a manner that the sum of the tWo Weight 
values is equal to l. The Weight values may be determined 
as values proportional to a correlation betWeen a frame 
including the residual block of the enhanced layer and the 
past residual frame or the future residual frame. In addition, 
the Weight values may be determined as values inversely 
proportional to a temporal distance betWeen the frame 
including the residual block of the enhanced layer and the 
past residual frame or the future residual frame. 

[0062] The residual prediction unit 103 subtracts pixel 
values of the enlarged insert residual block of the base layer 
from pixel values of the residual block R_MB_2 of the 
enhanced layer, thereby making neW residual data for a 
corresponding macro block of the enhanced layer, Which 
corresponds to a different value betWeen the residual data. 

[0063] The residual prediction unit 103 may insert a 
"residual_prediction_?ag” set to, for example, 1 into a 
header ?eld of the current macro block, so that the decoder 
can be noti?ed that the residual prediction mode is applied 
to the current macro block, that is, the current macro block 
is encoded by using the difference value betWeen the 
residual data. 

[0064] In addition, the residual prediction unit 103 inserts 
a "residual_direction_?ag” set to, for example, 1 into the 
header ?eld of the current macro block, so that it can be 
indicated that the difference value of residual data for the 
current macro block is calculated by using the insert residual 
block of the base layer created based on the corresponding 
blocks of the past residual frame and the future residual 
frame of the base layer. The residual prediction unit 103 can 
insert one of Weight values used for creating the insert 
residual block (e.g., a Weight value used When a correspond 
ing residual block of the past residual frame is Weighted) 
into the header ?eld of the current macro block. 

[0065] FIG. 5 is a vieW illustrating a case in Which a 
residual estimation mode is applied to a macro block of an 
enhanced layer by using a past residual frame and a future 
frame (‘H’ frames) in an enhanced layer With respect to a 
frame including the macro block of the enhanced layer 
according to another embodiment of the present invention. 
The embodiment shoWn in FIG. 5 can be applied to a case 
in Which a residual frame temporally simultaneous With the 
frame (a current H frame) including the residual block of the 
enhanced layer does not exist in the base layer. 

[0066] The residual prediction unit 103 creates an insert 
residual block of the enhanced layer teimporally simulta 
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neous With the current H frame by Weighting suitable Weight 
values to pixel values of the corresponding residual blocks 
R_MB_1 and R_MB_3 corresponding to the residual block 
R_MB_2 and included in a past H frame and a future H 
frame of the current H frame. 

[0067] Herein, the Weight values are values betWeen 0 and 
1 selected in such a manner that the sum of the tWo Weight 
values is equal to l. The Weight values may be determined 
as values proportional to correlation betWeen the current H 
frame and the past H frame or the future H frame. In 
addition, the Weight values may be determined as values 
inversely proportional to a temporal distance betWeen the 
current H frame and the past H frame or the future H frame. 

[0068] The residual prediction unit 103 subtracts pixel 
values of the insert residual block of the enhanced layer from 
pixel values of the residual block R_MB_2, thereby making 
neW residual data for a corresponding macro block, Which is 
a different value of the residual data. 

[0069] The residual prediction unit 103 may insert a 
"residual_prediction_?ag” set to, for example, 1 into a 
header ?eld of the current macro block, so that the decoder 
can be noti?ed that the residual prediction mode is applied 
to the current macro block, that is, the current macro block 
is encoded using the difference value of the residual data. 

[0070] In addition, the residual prediction unit 103 may 
insert a "residual_direction_?ag” set to, for example, ‘0’ into 
the header ?eld of the current macro block, so that it can be 
indicated that the difference value for the current macro 
block of residual data is calculated by using the insert 
residual block of the enhanced layer created based on the 
corresponding blocks of the past frame and the future frame 
of the enhanced layer. The residual prediction unit 103 can 
insert one of Weight values used for creating the insert 
residual block of the enhanced layer (e.g., a Weight value 
used When a corresponding residual block of the past 
residual frame is Weighted) into the header ?eld of the 
current macro block. 

[0071] Herein, the residual_prediction_?ag of ‘l’ indi 
cates that a corresponding macro block is encoded by using 
difference values betWeen pixel values of a residual block of 
the enhanced layer for the corresponding macro block and 
pixel values of i) a corresponding residual block of the base 
layer temporally simultaneous With the macro block, ii) the 
insert residual block of the base layer created based on 
residual blocks of the past frame and the future frame of the 
base layer as shoWn in FIG. 4, or iii) the insert residual block 
of the enhanced layer created based on residual blocks of the 
past frame and the future frame of the enhanced layer as 
shoWn in FIG. 5. In other Words, residual_prediction_?ag of 
‘1’ indicates that the corresponding macro block is encoded 
by using difference values of residual data. 

[0072] In contrast, the residual_prediction_?ag of ‘0’ indi 
cates that a corresponding macro block is encoded using 
difference values betWeen pixel values of the corresponding 
macro block and pixel values of a reference block for the 
macro block, that is, by using residual data. In other Words, 
this means that only a prediction operation of the estimation/ 
prediction unit 101 is performed, and a prediction operation 
of the residual prediction unit 103 is not performed With 
respect to the macro block. 

[0073] A frame formed by including a macro block 
encoded based on the neW residual data, that is, difference 
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values of residual data is referred to as a ‘Hrd’ frame in order 
to be distinguished from the H frame formed only by using 
a macro block encoded based on residual data. 

[0074] A data stream encoded through the above-de 
scribed scheme may perform Wire or Wireless transmission 
to the decoder or transmission to the decoder by means of 
storage medium. The decoder recovers an original video 
signal according to a scheme to be described beloW. 

[0075] FIG. 6 is a block diagram illustrating the structure 
of the decoder for decoding the data stream encoded by the 
device shoWn in FIG. 2. The decoder shoWn in FIG. 6 
includes a de-muxer 200 for dividing the received data 
stream into a compressed motion vector stream and a 
compressed macro block information stream, a texture 
decoding unit 210 for recovering an original uncompressed 
information stream from the compressed macro block infor 
mation stream, a motion decoding unit 220 for recovering an 
original uncompressed stream from a compressed motion 
vector stream, an enhanced layer (EL) decoder 230 for 
converting the uncompressed macro block information 
stream and the motion vector stream into an original video 
signal through an MCTF scheme, and a base layer (BL) 
decoder 240 for decoding base layer stream through a 
predetermined scheme such as the MPEG 4 scheme or the 
H.264 scheme. The EL decoder 230 uses base layer encod 
ing information such as the POC and base layer data (a 
macro block or frame data) directly extracted from the base 
layer stream, or obtained by inquiring the information and 
the data from the BL decoder 240. 

[0076] The EL decoder 230 decodes an input stream into 
data having an original frame sequence, and FIG. 7 is a 
block diagram illustrating the main structure of the EL 
decoder 230 employing the MCTF scheme in detail. 

[0077] FIG. 7 illustrates the structure performing tempo 
ral composition With respect to the sequence of the H“1 
frames (or the H frames) in a temporal decomposition level 
of N and the sequence of L frames so as to make the 
sequence of an L frames in a temporal decomposition level 
of N-l. The structure shoWn in FIG. 7 includes a residual 
inverse prediction unit 235 for converting input ‘Hrd’ frames 
into H frames having residual data (image differences) by 
adding pixel values of macro blocks, encoded through a 
residual prediction operation using difference values of 
residual data, included in the input ‘Hrd’ frames to pixel 
values of residual blocks corresponding to the macro blocks, 
an inverse update unit 231 for selectively subtracting dif 
ference values for pixels of the H frames output from the 
residual inverse prediction unit 235 from pixel values of 
input L frames, an inverse prediction unit 232 for recovering 
L frames having original images using the H frames and L 
frames obtained by subtracting the image difference values 
of the H frames from the input L frames, a motion vector 
decoder 233 for providing motion vector information of 
each block in the H frames to both the inverse update unit 
231 and the inverse prediction unit 232 in each stage or each 
temporal decomposition level, and an arranger 234 for 
making a normal L frame sequence by inserting the L frames 
formed by the inverse prediction unit 232 into the L frames 
output from the inverse update unit 231. 

[0078] The L frame sequence output by the arranger 234 
becomes the sequence of L frames 701 in a level of N-l and 
is restored to the sequence of L frames by an inverse update 
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unit and an inverse prediction unit in a next stage together 
With the sequence of input Hrd frames or input H frames in 
the level of N-l . This procedure is performed by the number 
of levels in the encoding procedure, so that the sequence of 
original video frames is obtained. 

[0079] Hereinafter, a recovering procedure (a temporal 
composition procedure) in the level of N of recovering an L 
frame in the level of N-l from the received Hrd (or the 
received H frame) in the level of N and the L frame in the 
level of N having been generated from the level of N+l Will 
be described in more detail. 

[0080] If the residual_prediction_?ag indicating that a 
macro block in a predetermined Hrd frame is encoded using 
difference values of residual data is included in the header of 
the macro block, the residual inverse prediction unit 235 
generates residual data for the macro block by using the base 
layer data and the base layer encoding information extracted 
from the BL decoder 240 or by using a past frame and a 
future frame of the Hrd frame. 

[0081] If the macro block in the predetermined Hm1 frame 
is encoded using difference values of residual data, the 
residual inverse prediction unit 235 determines based on a 
POC of the encoding information extracted by the BL 
decoder 240 if a frame having the same POC exists in the 
base layer, thereby determining if a residual frame tempo 
rally simultaneous With the Hrd frame including the macro 
block exists in the base layer. 

[0082] If the simultaneous residual frame exists in the base 
layer, the residual inverse prediction unit 235 searches for a 
residual block corresponding to the macro block (the 
residual block having a relative position identical to that of 
the macro block in the frame) included in the simultaneous 
residual frame in the base layer, enlarges the siZe of the 
residual block to the siZe of the macro block by up-sampling 
the residual block according to necessity, and then adds pixel 
values of the enlarged corresponding residual block to pixel 
values of the macro block encoded using the difference 
values of residual data, thereby creating a macro block 
having residual data. 

[0083] In contrast, if the simultaneous residual frame does 
not exist in the base layer, the residual inverse prediction 
unit 235 determines based on the residual_direction_?ag 
included in the header of the macro block if the encoded 
difference values of the residual data in the macro block are 
calculated based on the insert residual block of the base layer 
or based on the insert residual block of the enhanced layer. 

[0084] If the residual_direction_?ag is set to, for example, 
1, that is, if the encoded difference values of the residual data 
in the macro block are calculated based on the insert residual 
block of the base layer, the residual inverse prediction unit 
235 searches for the corresponding residual block (the 
residual block has a relative position identical to that of the 
macro block in the frame), Which corresponds to the macro 
block of the enhanced layer and is included in the past 
residual frame and the future residual frame of the prede 
termined Hrd frame, from among the base layer data pro 
vided from the BL decoder 240. Thereafter, the residual 
inverse prediction unit 235 creates an insert residual block of 
the base layer temporally simultaneous With the macro block 
by Weighting the pixel values of the corresponding residual 
block With a ?rst Weight value included in the header for the 
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macro block and a second Weight value calculated from the 
?rst Weight value and then enlarges the siZe of the insert 
residual block into the siZe of the macro block by up 
sampling the insert residual block. Thereafter, the residual 
inverse prediction unit 235 generates residual data for the 
macro block by adding pixel values of the enlarged insert 
residual block of the base layer to pixel values of the macro 
block. 

[0085] In contrast, if the residual_direction_?ag is set to 0, 
that is, if the encoded di?ference values of the residual data 
in the macro block are calculated based on the insert residual 
block of the enhanced layer, the residual inverse prediction 
unit 235 searches for a corresponding residual block, Which 
has a relative position identical to that of the macro block in 
the frame and is included in the past residual frame and the 
future residual frame of the predetermined Hr01 frame, creates 
an insert residual block of the enhanced layer temporally 
simultaneous With the macro block by Weighting the pixel 
values of the corresponding residual block having residual 
data based on a ?rst Weight value included in the header for 
the macro block and a second Weight value calculated from 
the ?rst Weight value, and then generates residual data for 
the macro block by adding pixel values of the insert residual 
block of the enhanced layer to pixel values of the macro 
block. 

[0086] Through the above-described procedure, the 
residual inverse prediction unit 235 performs a residual 
inverse prediction operation With respect to the macro block 
encoded using the difference values of residual data so as to 
be included in an Hr01 frame, thereby creating an H frame 
formed only by using residual data, that is, macro blocks 
having di?ference values. 

[0087] In the meantime, With respect to a predetermined L 
frame (in the level of N), in consideration of a motion vector 
provided from the motion vector decoder 233, the inverse 
update unit 231 detects an H frame (in the level of N) having 
image di?ference found using a block in an original L frame 
(in the level of N-l) updated to a predetermined L frame (in 
the level of N) through the encoding procedure as a refer 
ence block and then subtracts image di?ference values for the 
macro block in the H frame from pixel values of the 
corresponding block in the L frame, thereby recovering an 
original L frame. 

[0088] The inverse update operation is performed With 
respect to a block updated using image di?ference values of 
a macro block in the H frame through the encoding proce 
dure from among blocks in the current L frame (in the level 
of N), so that the L frame in the level of L-l is recovered. 

[0089] In a macro block in a predetermined H frame, the 
inverse prediction unit 232 detects a reference block in an L 
frame (the L frame is inverse-updated and output by the 
inverse update unit 231) based on the motion vector pro 
vided from the motion vector decoder 233 and then adds 
pixel values of the reference block to di?ference values of 
pixels of the macro block, thereby recovering original video 
data. 

[0090] If original video data are recovered from all macro 
blocks in the current H frame through the above described 
operation, and the macro blocks undergo a composition 
procedure so that an L frame is recovered, the L frame is 
alternatively arranged together With an L frame, Which is 
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recovered in the inverse update unit 231, through the 
arranger 234, so that the arranged frame is output to the next 
stage. 

[0091] As described above, a perfect video frame 
sequence is recovered from the encoded data stream. In 
particular, When one GOP undergoes N prediction opera 
tions and N update operations through the encoding proce 
dure in Which the MCTF scheme may be employed, if N 
inverse update operations and N inverse prediction opera 
tions are performed in an MCTF decoding procedure, video 
quality of an original video signal can be obtained. If the 
operations are performed by the frequency number smaller 
than N, a video frame may have relatively smaller bit rates 
even though the video quality of the video frame is degraded 
someWhat as compared With a video frame through N 
operations. Accordingly, the decoder is designed to perform 
the inverse update operation and the inverse prediction 
operation suitably for the performance of the decoder. 

[0092] The above-described decoder may be installed in a 
mobile communication terminal or a device for reproducing 
record media. 

[0093] As described above, according to the present 
invention, When a video signal is scalably encoded, a 
residual prediction mode is applied for a macro block of an 
enhanced layer even if a frame temporally simultaneous 
With a frame of the enhanced layer does not exist in a base 
layer, thereby improve coding ef?ciency. 
[0094] Although preferred embodiments of the present 
invention have been described for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 
1. A method for encoding a video signal, the method 

comprising the steps of: 

generating a bit stream of a ?rst layer by encoding the 
video signal through a ?rst predetermined scalable 
scheme; and 

generating a bit stream of a second layer by encoding the 
video signal through a second predetermined scheme, 

Wherein the step of generating the bit stream of the ?rst 
layer includes a ?rst step of generating a prediction 
video of a video block using frames selected from 
frames of the second layer, in Which the frames consist 
of blocks encoded in such a manner that the blocks 
have residual data corresponding to di?ference values of 
pixels betWeen the reference block and the encoded 
blocks and include a past frame and a future frame With 
respect to a predetermined frame of the ?rst layer 
having the video block encoded using residual blocks 
having the residual data. 

2. The method as claimed in claim 1, Wherein the ?rst step 
includes the sub-steps of: 

generating an insert block temporally simultaneous With 
the predetermined frame by using corresponding 
blocks, Which are included in the past frame and the 
future frame of the second layer and have relative 
positions identical to a relative position of the video 
block in a frame, and enlarging a siZe of the insert block 
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corresponding to a size of the video block if there is no 
frame in the second layer temporally simultaneous With 
the predetermined frame; and 

?nding difference values of residual data for the video 
block by subtracting pixel values of the enlarged insert 
block from pixel values of the residual block. 

3. The method as claimed in claim 2, Wherein the insert 
block is generated by Weighting a ?rst corresponding block 
in the past frame of the second layer and a second corre 
sponding bock in the future frame of the second layer, 
respectively. 

4. The method as claimed in claim 1, further comprising 
a step of recording ?rst information on a header of the video 
block indicating that the video block is encoded using 
difference values of residual data based on the past frame 
and the future frame of the second layer. 

5. The method as claimed in claim 4, Wherein the ?rst 
information includes second information and third informa 
tion, the second information indicating that the video block 
is encoded by using difference values of residual data, the 
third information indicating that the past frame and the 
future frame of the second layer are used in order to 
calculate the difference values corresponding to the residual 
data. 

6. The method as claimed in claim 4, further comprising 
a step of recording fourth information on the header of the 
video block, the fourth information relating to a value used 
for Weighting the corresponding block When the insert block 
is generated. 

7. A method for encoding a video signal, the method 
comprising the steps of: 

(l) generating a residual block having residual data, 
Which are difference values of pixels betWeen a video 
block included in a predetermined frame of the video 
signal and a reference block for the video block; and 

(2) generating a prediction video for the video block using 
a past frame and a future frame of the predetermined 
frame, the prediction video including blocks encoded in 
such a manner that the blocks have the residual data. 

8. The method as claimed in claim 7, Wherein step (2) 
includes the steps of: 

(2-1) generating an insert block temporally simultaneous 
With the predetermined frame by using corresponding 
blocks, Which are included in the past frame and the 
future frame of the second layer and have relative 
positions identical to a position of the video block in a 
frame; and 

(2-2) ?nding difference values of residual data for the 
video block by subtracting pixel values of the insert 
block from pixel values of the residual block. 

9. The method as claimed in claim 7, Wherein step (2) is 
performed if a frame temporally simultaneous With the 
predetermined frame including the video block does not 
exist in a bit stream generated by encoding the video signal 
through another scheme. 

10. The method as claimed in claim 7, further comprising 
a step of recording a ?rst information on a header of the 
video bock, the ?rst information indicating that the video 
block is encoded using difference values of residual data 
based on the past frame and the future frame. 

11. A method for decoding an encoded video bit stream, 
the method comprising the steps of: 
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decoding a bit stream of a second layer scalably encoded 
through a second predetermined scheme; and 

decoding a bit stream of a ?rst layer encoded through the 
second predetermined scheme using decoding informa 
tion extracted from the bit stream of the second layer, 

Wherein the step of decoding the bit stream of the ?rst 
layer includes a ?rst step of restoring a video block, 
Which is included in a predetermined frame of the ?rst 
layer and encoded using difference values of residual 
data, such that the video block has original pixel values 
by using frames, Which are a past frame and a future 
frame With respect to the predetermined frame of the 
?rst layer, selected from frames of the second layer and 
consisting of blocks encoded to have residual data, or 
by using frames, Which are a past frame and a future 
frame With respect to the predetermined frame of the 
?rst layer, selected from frames of the ?rst layer and 
consisting of blocks encoded to have residual data. 

12. The method as claimed in claim 11, Wherein it is 
determined if the video block is encoded using the difference 
values of the residual data based on information included in 
a header of the video block. 

13. The method as claimed in claim 11, Wherein the ?rst 
step includes the sub-steps of: 

determining based on the information included in the 
header of the video block if the past frame and the 
future frame on the second layer are used in order to 
calculate difference values of the residual data for the 
video block; 

generating an insert block temporally simultaneous With 
the predetermined frame by using corresponding 
blocks, Which are included in the past frame and the 
future frame on the second layer and have relative 
positions identical to a position of the video block in the 
past frame and the future frame, and enlarging a siZe of 
the insert block to a siZe of the video block if the past 
frame and the future frame on the second layer are used 
in order to calculate difference values of the residual 
data for the video block; and 

adding pixel values of the enlarged insert block to pixel 
values of the video block encoded using the difference 
values of the residual data so as to generate residual 
data for the video block. 

14. The method as claimed in claim 11, Wherein ?rst step 
includes the sub-steps of: 

determining based on the information included in the 
header of the video block if the past frame and the 
future frame on the second layer are used in order to 
calculate the difference values of the residual data for 
the video block When there are no frames on the second 
layer temporally simultaneous With the predetermined 
frame; 

generating an insert block temporally simultaneous With 
the predetermined frame using corresponding blocks 
included in the past frame and the future frame on the 
?rst layer and having relative positions identical to a 
position of the video block in the frames if the past 
frame and the future frame on the second layer are not 
used in order to calculate the difference values of the 
residual data for the video block; and 
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adding pixel values of the insert block to pixel values of 
the video block encoded using the difference values of 
the residual data so as to generate residual data for the 
video block. 

15. A method for decoding an encoded video bit stream, 
the method comprising the steps of: 

(l) determining if a video block included in a predeter 
mined frame of the bit stream scalably encoded through 
a predetermined scheme is encoded using difference 
values of residual data; and 

(2) restoring the video block to a block having original 
pixel values by using a past frame and a future frame 
of the predetermined frame, the past frame and the 
future frame including blocks encoded in such a man 
ner that the blocks have residual data When the video 
block is encoded using difference values of residual 
data. 

16. The method as claimed in claim 15, Wherein it is 
determined based on information included in a header of the 
video block if the video block is encoded using the differ 
ence values of the residual data. 

17. The method as claimed in claim 15, Wherein step (2) 
includes the steps of: 

(2-l) determining based on the information included in 
the header of the video block if the difference values of 
the residual data for the video block are calculated by 
using the past frame and the future frame When the 
video block is encoded using the difference values of 
the residual data; 

(2-2) generating an insert block temporally simultaneous 
With the predetermined frame using corresponding 
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blocks included in the past frame and the future frame 
and having relative positions identical to a position of 
the video block in the frames When the difference 
values of the residual data for the video block are 
calculated by using the past frame and the future frame; 
and 

(2-3) adding pixel values of the insert block to pixel 
values of the video block encoded using the difference 
values of the residual data so as to generate residual 
data for the video block. 

18. The method as claimed in claim 2, further comprising 
a step of recording ?rst information on a header of the video 
block indicating that the video block is encoded using 
difference values of residual data based on the past frame 
and the future frame of the second layer. 

19. The method as claimed in claim 5, further comprising 
a step of recording fourth information on the header of the 
video block, the fourth information relating to a value used 
for Weighting the corresponding block When the insert block 
is generated. 

20. The method as claimed in claim 8, Wherein step (2) is 
performed if a frame temporally simultaneous With the 
predetermined frame including the video block does not 
exist in a bit stream generated by encoding the video signal 
through another scheme. 

21. The method as claimed in claim 8, further comprising 
a step of recording a ?rst information on a header of the 
video bock, the ?rst information indicating that the video 
block is encoded using difference values of residual data 
based on the past frame and the future frame. 

* * * * * 


