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METHOD AND APPARATUS FOR INTERFRAME
WAVELET VIDEO CODING

FIELD OF THE INVENTION

[0001] The present invention relates to interframe wavelet
video coding. More particularly, the present invention
relates to a method and apparatus for interframe wavelet
video coding with good video compression rate and scal-
ability which can improve the scalability of the video
compression rate and the performance of the Interframe
Wavelet Video Coding on low bitrate.

DESCRIPTION OF THE RELATED ART

[0002] As is known, the bitstream obtained by the related
art of Interframe Wavelet Video Coding comprises two kind
of information: 1. motion information (mainly the motion
vector) and 2. wavelet transform coefficient and its related
information. But now only the second kind of information is
scalable and so the performance on low bitrate is not good.

[0003] Because the video scalability of the related art is
mainly about the transformation factor and the wavelet
factor that scem not enough when applying on low bitrate
and the Motion Information (MI) still take a part in the
whole bitstream, the present invention is to make MI to be
scalable and to improve the performance of the Interframe
Wavelet Video Coding on low bitrate.

[0004] Besides, there are mainly three kinds of video
scalability: spatial scalability, temporal scalability and SNR
scalability. The SNR scalability uses the feature on the bit
plane to achieve gradual adjustment of the video frame.

BRIEF SUMMARY OF THE INVENTION

[0005] Therefore, the main purpose of the present inven-
tion is to obtain good video compression rate and scalability
on video coding so to improve the scalability of the video
compression.

[0006] Another purpose of the present invention is to
obtain scalability of the Motion Information (MI) to improve
the performance of the Interframe Wavelet Video Coding on
low bitrate.

[0007] To achieve the above purposes, the present inven-
tion comprises an encoder, a decoder and a puller to provide
a video compression device capable of scalability which is
to partition and encode MI to achieve scalability, and to
transfer partitioned MI to a terminal according the scalabil-
ity request so that the Ml is partitioned to be scalable and be
coded according to the spatial precision, the temporal pre-
cision and the numerical precision; and the MI can accept a
scalability request and corresponding MI data can be trans-
ferred after properly adjusting the above three precision. As
a result, the present invention can have good video com-
pression rate and scalability on video coding to improve the
scalability of the video compression and the performance of
the Interframe Wavelet Video Coding on low bitrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be better understood
from the following detailed description of preferred embodi-
ments of the invention, taken in conjunction with the accom-
panying drawings, in which
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[0009] FIG.1 is a diagram of the method for video coding
according to the present invention,

[0010] FIG. 2 is a flow chart for the motion estimator
according to the present invention,

[0011] FIG. 3 is a flow chart for the Motion Information
(MI) encoder according to the present invention,

[0012] FIG.4is a flow chart for the puller according to the
present invention;

[0013] FIG. 5is a flow chart for the MI decoder according
to the present invention;

[0014] FIG. 6 is an example of the motion estimation
according to the present invention; and

[0015] FIG. 7 is an example of the partitioned coding of
the motion vector according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] The following descriptions of the preferred
embodiment are provided to understand the features and the
structures of the present invention.

[0017] Please refer to FIG. 1 to FIG. 5, which are a
diagram of the method for video coding, a flow chart for the
motion estimator, a flow chart for the Motion Information
(MI) encoder, a flow chart for the puller, and a flow chart for
the MI decoder, according to the present invention. As
shown in the figures, the present invention is a method and
apparatus for interframe wavelet video coding with good
video compression rate and scalable video coding to
improve the scalability of the video compression and the
performance of Interframe Wavelet Video Coding on low
bitrate. The present invention comprises an encoder 1, a
decoder 2, and a puller 3 connected to the encoder 1 and the
decoder 3.

[0018] The encoder 1 is for video input which comprises
the followings.
[0019] A Motion Compensated Temporal Filtering

(MCTF) analyzer 11 is to analyze each video frame on
temporal axis and decompose the video frame into high-pass
frames of high frequency and low-pass frames of low
frequency by using a motion vector obtained from a motion
estimator 15, so that an output of temporal high-pass frames
and temporal low-pass frames are obtained by an input of the
original video frames.

[0020] A spatial analyzer 12 is connected to the MCTF
analyzer 11 and is to decompose the temporal high-pass
frames and the temporal low-pass frames into spatial high-
pass frames and spatial low-pass frames through Discrete
Wavelet Transform (DWT) method, so that an output of
spatial high-pass frames and spatial low-pass frames is
obtained through DWT method by an input of the temporal
high-pass frames and the temporal low-pass frames.

[0021] ADWT coefficients encoder 13 is connected to the
spatial analyzer 12 and is to perform an encoding in a
compression way on the spatial high-pass frames and the
spatial low-pass frames obtained by the spatial analyzer 12,
so that, an output of a compressed video content bitstream
is obtained by an input of the spatial high-pass frames and
the spatial low-pass frames obtained through DWT method.
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[0022] A packetizer 14 is connected to the DWT coeffi-
cient encoder 13 and is to bundle the compressed video
content bitstream and a compressed MI into a single com-
pound compressed bitstream, so that an output of the single
compound compressed bitstream is obtained by an input of
the compressed video content bitstream and the compressed
MI.

[0023] A motion estimator 15 is connected to the MCTF
analyzer 11 and is to search for the motion vector for each
partition of the video frame and continuously search through
all partitions (as shown in FIG. 2) and a compression is
obtained by recording as a motion vector the corresponding
block address of the minimal difference according to the
relationship between two or more selected frames, so that an
output of an MI is obtained by an input of the two or more
selected frames.

[0024] And an MI encoder 16 is connected to the pack-
etizer 14 and the motion estimator 15 and is to split all
motion vectors of all partitions into a base layer and a few
enhancement layers and to apply entropy coding on the base
layer and the enhancement layers (as shown in FIG. 3) to
compress the MI, so that an output of a compressed MI is
obtained by an input of the MI.

[0025] Therein, the MI encoder 16 is to do partitioned
coding to the MI according to three precisions of spatial
precision, temporal precision, or numerical precision.

[0026] And, the spatial precision is a partitioned motion
block.

[0027] And, the temporal precision is a number of frames
per second.

[0028] And, the numerical precision is a precision of the
arithmetic expression of a motion vector.

[0029] And, the MI encoder 16 is to help compress related
information of the motion estimator 15.

[0030] The decoder 2 is for video output which comprises
the followings.

[0031] A de-packetizer 21 is connected to the puller 3 and
is to split a compound bitstream into a compressed video
content bitstream and a compressed MI.

[0032] A DWT coefficient decoder 22 is connected to the
de-packetizer 21 and is to apply compressed decoding on the
spatial high-pass frames and the spatial low-pass frames that
are obtained by the spatial analyzer 12, so that an output of
the spatial high-pass frames and the spatial low-pass frames
is obtained by an input of a compressed video content
bitstream.

[0033] A spatial synthesizer 23 is connected to the DWT
coefficient decoder 22 and is to rebuild temporal high-pass
frames and temporal low-pass frames from the spatial high-
pass frames and the spatial low-pass frames through Inverse
Discrete Wavelet Transform (IDWT) method, so that an
output of the temporal high-pass frames and the temporal
low-pass frames is obtained through IDWT method by an
input of the spatial high-pass frames and the spatial low-pass
frames.

[0034] An MCTF synthesizer 24 is connected to the
spatial synthesizer 23 and is to synthesize the temporal
high-pass frames and the temporal low-pass frames into a

Sep. 15, 2005

video frame by using motion vectors, so that an output of the
video frame is obtained by an input of the temporal high-
pass frames and the temporal low-pass frames obtained
through IDWT method.

[0035] And an MI decoder 25 is connected to the de-
packetizer 21 and the MCTF synthesizer 24 and is to apply
entropy decoding on the compressed MI and combine a base
layer and one or more enhancement layers to form a motion
vector, so that, through applying entropy decoding to a
compressed MI, an output of an MI is obtained by an input
of the compressed MI.

[0036] The puller 3 is connected to the encoder 1 and the
decoder 2 and is to read bit-rate/frame-rate/image-size infor-
mation to partition a compressed video content bitstream; to
decide whether one or more enhancement layers are needed
on the bit-rate/frame-rate/image-size; to send the MI of a
base layer; and to combine the partitioned compressed video
content bitstreams and a partitioned MI obtained by parti-
tioning the MI of the enhancement layers according to the
bit-rate/frame-rate/image-size, to form a compressed bit-
stream (as shown in FIG. 3).

[0037] Therein, the method and apparatus is to partition an
MI for scalability and to transfer a partition of the MI to a
terminal to achieve the scalability.

[0038] The present invention of method and apparatus for
interframe wavelet video coding is a method and apparatus
to partition an MI to achieve scalability which applies
partitioned encoding on an MI encoder 16 according to three
precisions of spatial precision, temporal precision, and
numerical precision and transfers data corresponding to the
MI to achieve scalability of the MI after properly tuning the
above three precisions.

[0039] Therein, the spatial precision is a partitioned
motion block; the temporal precision is a number of frames
per second; the numerical precision is a precision of the
arithmetic expression of a motion vector; and the scalability
is a capability of accepting demands according to one factor
or a plurality of factors among bit-rate/frame-rate/image-
size and the above three precisions.

[0040] And, the MI is a motion vector with the related data
that helps to rebuild the motion vector.

[0041] And, the video compressing method can be an
Interframe Wavelet Video Coding method or a video encod-
ing method with motion information.

[0042] Accordingly, a novel method and apparatus for
interframe wavelet video coding is obtained.

[0043] Please refer to FIG. 6 and FIG. 7, which are an
example of the motion estimation and an example of the
partitioned coding of the motion vector according to the
present invention. As shown in the figures, the first step of
MI encoding is to apply multiple-level motion estimation in
the original coding process by the motion estimator, whose
main purpose is to obtain motion vectors for different levels
(of numerical precision or block size). As shown in the
example of FIG. 6, motion vectors for a variety of block
sizes can be found with different numerical precision. Scal-
ability can be achieved by using this scaling in the next step.

[0044] The second step is to do partitioned encoding by
MI encoder 16. The motion vectors for the various levels
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obtained in the previous step are partitioned and encoded
here. To achieve scalability, in the pull process, the puller 3
will decide the data size to be transferred according to the
requested data amount (ex. based on bit-rate/frame-rate/
image-size request) needed. So, motion vectors are parti-
tioned, and total levels to be transferred is decided according
to data amount needed. As shown in the example of FIG. 7,
the motion vectors of various levels as shown in the example
of step 1 can be partitioned into two or more layers. A certain
number of levels of bigger motion vector blocks become the
base layer which is the basic motion vector that must be
transferred. The smaller motion vector blocks become one or
more the enhancement layers which can be transferred or
left out according to data amount requested.

[0045] The third step is to write partitioned motion vectors
to compressed bitstreams. Take the example in step 2 as an
example, the motion vectors of the base layer and one or
more enhancement layers are encoded separately and is
written to the bitstreams.

[0046] The pull process of the puller 3 comprises the
following steps.

[0047] Firstly, the compressed bitstreams is partitioned
according to the bit-rate/frame-rate/image-size provided by
the system. According to the bit-rate/frame-rate/image-size
provided by the system, if the bit-rate/frame-rate/image-size
is high, the base layer and several enhancement layers are
transferred; but, if the bit-rate/frame-rate/image-size is low,
only the base layer is transferred. By doing so, scalability
can be achieved as requested by the system.

[0048] Secondly, the partitioned bitstreams are combined
to form a new compressed bitstream. The final partitioned
motion vector bitstream and the partitioned compressed
video content bitstream is combined to a new bitstream
which conforms to the data amount requested by the system.

[0049] After the pull process of the puller, the motion
vectors obtained is read for decoding. In the present inven-
tion, the decoder will read the motion vectors after the pull
process which can be the base layer or the base layer
together with one or more enhancement layers.

[0050] Accordingly, the present invention is capable of
achieving the followings:

[0051] 1. At low bitrate, the channel bandwidth tem-
porally changes, and, by using the scalability of the
Interframe Wavelet Video Coding and the scalability
of the MI, the compressed video frame data is
smoothly transferred while the quality remains.

[0052] 2. 1In a video conference, when a hand-held
device is used as a terminal, because the hard ware
capability is not strong enough, the online compres-
sion-decompression can only be achieved on lower
bitrate transference, and a better scalability can be
achieved by using the present invention together
with the related art of Interframe Wavelet Video
Coding.

[0053] The preferred embodiments herein disclosed are
not intended to unnecessarily limit the scope of the inven-
tion. Therefore, simple modifications or variations belong-
ing to the equivalent of the scope of the claims and the
instructions disclosed herein for a patent are all within the
scope of the present invention.
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What is claimed is:
1. a method and apparatus for interframe wavelet video
coding, comprising:

an encoder for inputting a video frame, comprising a
Motion Compensated Temporal Filtering (MCTF) ana-
lyzer, a spatial analyzer connected to said MCTF
analyzer, a Discrete Wavelet Transform (DWT) coef-
ficient encoder connected to said spatial analyzer, a
packetizer connected to said DWT coefficient encoder,
a motion estimator connected to said MCTF analyzer,
and a Motion Information (MI) encoder connected to
said packetizer and said motion estimator;

a decoder for outputting a video frame, comprising a
de-packetizer, a DWT coefficient decoder connected to
said de-packetizer, a spatial synthesizer connected to
said DWT coefficient decoder, an MCTF synthesizer
connected to said spatial synthesizer, and an MI
decoder connected to said de-packetizer and said
MCTF synthesizer; and

a puller connected to said encoder and said decoder,

wherein said method and apparatus is to partition an MI
for scalability and to transfer a partition of said MI to
a terminal to achieve said scalability.
2. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said MCTF analyzer is to analyze said video
frame on temporal axis and decompose said video
frame into high-pass frames of high frequency and
low-pass frames of low frequency by using a motion
vector obtained from said motion estimator so that

an output of temporal high-pass frames and temporal
low-pass frames is obtained by an input of said video
frame.
3. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said spatial analyzer is to decompose temporal
high-pass frames and temporal low-pass frames into
spatial high-pass frames and spatial low-pass frames
through Discrete Wavelet Transform (DWT) method so
that

an output of said spatial high-pass frames and said spatial
low-pass frames is obtained through DWT method by
an input of said temporal high-pass frames and said
temporal low-pass frames.
4. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said DWT coefficient encoder is to encode said
video frame in a compression way on spatial high-pass
frames and spatial low-pass frames that are obtained by
said spatial analyzer so that

an output of a compressed video content bitstream is
obtained by an input of said spatial high-pass frames
and said spatial low-pass frames that are obtained
through DWT method.
5. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said packetizer is to bundle a compressed video
content bitstream and a compressed MI into a single
compound compressed bitstream so that
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an output of said single compound compressed bitstream
is obtained by an input of said compressed video
content bitstream and said compressed MI.
6. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said motion estimator is to search for the motion
vector of each said partition and continuously scarch
through all said partitions and a compression is
obtained by recording as a motion vector the corre-
sponding block address of the minimal difference
according to the relationship between two or more
selected frames so that

an output of an MI is obtained by an input of said two or
more selected frames.
7. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said MI encoder is to split all motion vectors of
all said partitions into a base layer and one or more
enhancement layers and to apply entropy coding on
said base layer and said enhancement layers to com-
press said MI applied with entropy coding so that

an output of a compressed MI is obtained by an input of
said MI.
8. The method and apparatus for interframe wavelet video
coding according to claim 1,

wherein said MI encoder is to do partitioned coding to
said MI according to three precisions of spatial preci-
sion, temporal precision, or numerical precision.
9. The method and apparatus for interframe wavelet video
coding according to claim 8§,

wherein said spatial precision is a partitioned motion
block.
10. The method and apparatus for interframe wavelet
video coding according to claim 8,

wherein said temporal precision is a number of frames per
second.
11. The method and apparatus for interframe wavelet
video coding according to claim 8,

wherein said numerical precision is a precision of the
arithmetic expression of a motion vector.
12. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said MI decoder is to help rebuild related infor-
mation of said motion estimator.
13. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said DWT coefficient decoder is to apply com-
pressed decoding on spatial high-pass frames and spa-
tial low-pass frames that are obtained by said spatial
analyzer so that

an output of said spatial high-pass frames and said spatial
low-pass frames is obtained by an input of a com-
pressed video content bitstream.
14. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said spatial synthesizer is to rebuild temporal
high-pass frames and temporal low-pass frames from
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spatial high-pass frames and spatial low-pass frames
through Inverse Discrete Wavelet Transform (IDWT)
method so that

an output of said temporal high-pass frames and said
temporal low-pass frames is obtained through IDWT
method by an input of said spatial high-pass frames and
said spatial low-pass frames.

15. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said MCTF synthesizer is to synthesize temporal
high-pass frames and temporal low-pass frames into a
video frame by using motion vectors so that

an output of a video frame is obtained by an input of said
temporal high-pass frames and said temporal low-pass
frames obtained through IDWT method.

16. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said MI decoder is to apply entropy decoding on
said compressed MI and combine a base layer and one
or more enhancement layers to form a motion vector so
that

an output of an Ml is obtained by an input of a compressed
MI applied with entropy decoding.

17. The method and apparatus for interframe wavelet
video coding according to claim 1,

wherein said puller is to read bit-rate/frame-rate/image-
size information to partition a compressed video con-
tent bitstream; to decide whether one or more enhance-
ment layers are needed on said bit-rate/frame-rate/
image-size; to send the MI of a base layer; and to
combine said partitioned compressed video content
bitstream and a partitioned MI obtained by partitioning
the MI of said enhancement layers according to said
bit-rate/frame-rate/image-size, to form a compressed
bitstream.

18. A method and apparatus for interframe wavelet video
coding, comprising a plurality of steps of:

applying partitioned encoding on an MI encoder accord-
ing to three precisions of spatial precision, temporal
precision, and numerical precision; and

transferring data corresponding to said MI to achieve

scalability of said MI by tuning said three precisions.

19. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said spatial precision is a partitioned motion
block.
20. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said temporal precision is a number of frames per
second.
21. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said numerical precision is a precision of the
arithmetic expression of a motion vector.
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22. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said scalability is a capability of accepting
demands according to one factor or a plurality of
factors among bit-rate/frame-rate/image-size and said
three precisions.
23. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said MI is a motion vector and related data that
helps to rebuild said motion vector.
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24. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said video compressing method is an Interframe
Wavelet Video Coding method.

25. The method and apparatus for interframe wavelet
video coding according to claim 18,

wherein said video compressing method is a video encod-
ing method with motion information.
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