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(57) Abstract: This invention provides a technique of preventing errors from being gradually accumulated on the decoding side,
while maintaining high scalability, even when a technique for transformation to subbands as a plurality of frequency components, like
discrete wavelet transformation, is used for moving image coding.
of subbands having different frequency components by a discrete wavelet transformation unit (101). A lower bitplane coding unit

The image data of one input frame is decomposed into a plurality

& (109) codes, for each bitplane, predetermined lower bits of each coefficient data of a subband LL and the coefficient data of subbands
& other than the subband LL. The data of the upper bits of the subband LL is stored in a frame memory (105). A motion vector detection
X it (107) detects a predicted value and motion vector on the basis of the decoded data of the subband LL in a preceding frame. A
O subtracter (103) obtains the difference between the detected predicted value and the current frame. A coefficient coding unit (104)

=

the code data obtained by the coding units (104, 108, 109).

codes the obtained difference. A motion vector coding unit (108) codes the motion vector. A multiplexing unit (111) multiplexes
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DESCRIPTION
MOVING IMAGE CODING APPARATUS, MOVING IMAGE DECODING
APPARATUS, CONTROL METHOD THEREFOR, COMPUTER PROGRAM,

AND COMPUTER-READABLE STORAGE MEDIUM

TECHNICAL FIELD
The present invention relates to a compression
coding technique and decoding technique for moving

images.

BACKGRQOUND ART

Recently, contents flowing through networks have
increased in volume and diversity from character
information to still image information, further to
moving image information. Accordingly, coding
techniques for compressing information amounts hawve
been developed. The developed coding techniques have
been standardized internationally and widely spread.

On the other hand, networks themselves have
increased capacity and diversity, and hence one content
from the transmitting side passes through various
environments until it reaches the receiving side. In
addition, transmitting/receiving-side devices have
diversified in terms of processing performance.
General-purpose information processing apparatuses such
as personal computers (to be referred to as PCs

hereinafter) mainly used as transmission/reception
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devices have exhibited great improvements in
performance such as CPU performance and graphics
performance. On the other hand, devices with different
types of processing performance, e.g., a PDA, cell
phone, TV set, and hard disk recorder, have been
equipped with network connection functions. Under the
circumstances, a great deal of attention has been paid
to a function called scalability, which can cope with
changing communication line capacities and the
processing performance of receiving-side devices with
one data.

The JPEG 2000 coding scheme is widely known as a
still image coding scheme having this scalability
function. For example, this scheme is disclosed in
ISO/IEC 15444-1 (Information technology - JPEG 2000
image coding system - Part 1: Core coding system).

A characteristic feature of this scheme is that
DWT (Discrete Wavelet Transformation) is performed for
input image data to discretize the data into a
plurality of frequency bands. The coefficients of the
respective frequency bands are quantized, and the
quantized values are arithmetically coded for each
bitplane. This scheme allows fine control of layers by
coding or decoding only a necessary number of
bitplanes.

In addition, the JPEG 2000 coding scheme has

realized a so-called ROI (Region Of Interest) technique
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of relatively improving the image quality of a region
of interest in an image, which does not exist in the
conventional coding techniques.

Fig. 20 shows a coding sequence in the JPEG 2000
coding scheme. A tile segmentation unit 9001 segments
an input image into a plurality of regions (tiles)
(this function is optional, and input image = 1 tile
may be set). A DWT unit 9002 performs discrete wavelet
transformation to discretize data into frequency bands.
A quantization unit 9003 quantizes each coefficient
(this function is optional). An ROI unit 9007 (option)
sets a region of interest. The quantization unit 9003
performs shift up. An entropy coding unit 9004
performs entropy coding by the EBCOT (Embedded Block
Coding with Optimized Truncation) scheme. A bitplane
round-down unit 9005 performs rate control by rounding
down the code data of lower bitplanes of the coded
data, as needed. A code forming unit 9006 adds header
information to the data and selects various types of
scalability functions, thereby outputting code data.

Fig. 21 shows a decoding sequence in the JPEG
2000 coding scheme. A code analyzing unit 9020
analyzes a header to obtain information for forming
layers. A bitplane round-down unit 9021 rounds down
lower bitplanes of the input code data in accordance
with the capacity of an internal buffer and the

decoding capability. An entropy decoding unit 9022
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decodes the code data based on the EBCOT coding scheme
to obtain guantized wavelet transformation
coefficients. A dequantization unit 9023 dequantizes
the coefficients. An inverse DWT unit 9024 performs
inverse discrete wavelet transformation for the
dequantized coefficients to reproduce image data. A
tile combining unit 9025 coﬁbines a plurality of tiles
to reproduce image data (when 1 frame = 1 tile, no
combining operation is required).

The above JPEG 2000 coding technique is mainly
suitable for still image coding. A reference: ISO/IEC
15444-3 (Information technology - JPEG 2000 image
coding system Part 3: Motion JPEG 2000)) has also
recommended Motion JPEG 2000, which is a technique of
coding a moving image by making the above technique
correspond to each frame of the moving image.
According to this scheme, it is impossible to reduce
the code amount.

The MPEG coding method is known as a technigque
directed from the beginning to moving image
compression. For example, this method is disclosed in
"Latest MPEG Textbook" (ASCII Publishing, p. 76, 1994).
In this coding technigue, motion compensation is
performed between frames to improve the coding
efficiency (non-patent reference 3). Fig. 22 shows an
arrangement for this coding operation. A block

segmentation unit 9031 segments an input image into 8 x
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8 pixel blocks. A differential unit 9032 subtracts
predicted data from the resultant data by motion
compensation. A DCT unit 9033 performs discrete cosine
transformation. A quantization unit 9034 performs
quantization. The resultant data is coded by an
entropy coding unit 9035. A code forming unit 9036
adds header information to the resultant data to output
code data.

At the same time, a dequantization unit 9037
dequantizes the data. An inverse DCT unit 9038
performs inverse transformation to discrete cosine
transformation. An addition unit 9039 adds predicted
data to the resultant data and stores it in a frame
memory 9040. A motion compensation unit 9041 obtains a
motion vector by referring to the input image and a
reference frame stored in the frame memory 9040,
thereby generating predicted data.

Consider a case wherein the scheme of coding
bitplanes so as to realize scalability as in JPEG 2000
is applied to the above MPEG coding technigque. In this
case, when the information of a portion which has been
referred to for motion compensation is lost by abortion
of bitplane coding, errors due to motion compensation
are accumulated, resulting in a deterioration in image
quality. This point will be described in detail below.

When the JPEG 2000 technique is to be applied to

the MPEG technique, the DCT unit 9033 and inverse DCT
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unit 9038 in Fig; 22 are replaced with a discrete
wavelet transformation unit and inverse discrete
wavelet transformation unit, and the entropy coding
unit 9035 performs coding for each bitplane.

In an apparatus on the coding side, a target
frame which is an input frame to be coded is defined as
F;, and a frame input immediately before the target
frame is defined as F;j.;. In this case, i1f an
guantization error in the quantization unit 9034 is
ignored, a frame image immediately before being stored
in the frame memory 9040 is identical to Fi_;.
Therefore, no problem arises in terms of coding errors
due to motion compensation on the coding side.

Consider the decoding side. A decoding apparatus
is opposite in function to a coding apparatus, and
hence obviously includes a frame memory which stores
the frame F;.; immediately before being referred to for
motion compensation when the target frame F; is
decoded. Consider a case wherein decoding is performed
by using the scalability of JPEG 2000 without using the
code data of a given bitplane.

In this case, letting F';.; be the image of a
frame immediately before being stored in the frame
memory of the decoding apparatus, the image F';. ; does
not become identical to the frame image F;.;. This is
because the code data of a bitplane which is not used

exists in decoding processing.
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The code data of each block in the target frame
is code data based on the difference from a block at
the position indicated by a motion vector in the
immediately preceding frame F;_;. Since the immediately
preceding frame image is not Fi; but is F';.; in spite
of this fact, the target frame F; cannot be properly
decoded either. Obviously, as a consequence, a similar
problem arises in each frame following the target
frame, and hence errors are gradually acéumulated,
resulting in an image which is far from the intended

image.

DISCLOSURE OF INVENTION

The present invention has been made to solve the
above problems, and has as its object to provide a
technique of preventing errors from being gradually
accumulated on the decoding side, while maintaining
high scalability, even when applying to moving image
coding a technique of transforming a frame into a
plurality of subbands as frequency components, like
discrete wavelet transformation.

In order to achieve this object, for example, a
moving image coding apparatus according to the present
invention has the following arrangement.

There is provided a moving image coding apparatus
which codes time-series frames constituting moving

image data, comprising:
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decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components;

first extraction means for classifying the
plurality of subbands into a first group and a second
group and extracting, as motion compensation target
data, data of a predetermined number of upper bits of
frequency component coefficient data forming subbands
belonging to the first group;

second extraction means for extracting data of a
predetermined number of lower bits of each of frequency
component coefficient data forming subbands belonging
to the first group:

motion compensation méans for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by the first extraction means
and decoded data corresponding to motion compensation
target data obtained when a preceding frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
the motion compensation means and motion compensation
target data of the current frame and coding the
difference value and the motion vector information;

second coding means for coding, as non-motion
compensation target data, data of a predetermined

number of lower bits of each frequency component
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coefficient data extracted by the second extraction
means and frequency component coefficient data of
subbands belonging to the second group; and

multiplexing means for multiplexing the code data
obtained by the first coding means and the second
coding means.

Other features and advantages of the present
invention will be apparent from the following |
description taken in conjunction with the accompanying
drawings, in which like reference characters designate
the same or similar parts throughout the figures

thereof.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram showing the arrangement
of a moving image coding apparatus according to the
first embodiment;

Figs. 2A to 2C are views for explaining the
subbands of an image to be coded which is processed by
two-dimensional discrete wavelet transformation;

Fig. 3 is a view showing seven subbands obtained
by performing two-dimensional discrete wavelet
transformation twice;

Fig. 4 is a block diagram showing the arrangement
of a moving image decoding apparatus according to the
first embodiment;

Fig. 5 is a view showing how a subband is divided
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into blocks;

Figs. 6A and 6B are views showing the
relationship between a target block, a reference block
and a motion vector;

Fig. 7 is a block diagram showing the arrangement
of a moving image coding apparatus according to the
second embodiment;

Fig. 8 is a view showing an example of the
correspondence relationship between Q factors and the
non-decoding bitplane counts of the respective subbands
according to the first embodiment:

Fig. 9 is a flowchart showing the flow of
processing in the moving image decoding apparatus
according to the first embodiment;

Fig. 10 is a block diagram showing the
arrangement of a moving image decoding apparatus
according to the second embodiment;

Fig. 11 is a block diagram showing the
arrangement of a moving image coding apparatus
according to the third embodiment;

Fig. 12 is a f£lowchart showing the flow of
processing in the moving image coding apparatus
according to the second embodiment;

Fig. 13 is a flowchart showing the flow of coding
processing for a subband LL in the moving image coding
apparatus according to the first embodiment;

Fig. 14 is a flowchart showing the flow of
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processing in the moving image coding apparatus
according to the first embodiment;

Fig. 15 is a view showing the structure of moving
image code data generated by the moving image coding
apparatus according to the first embodiment;

Fig. 16 is a view shbwing an example of a table
held in a non-decoding bitplane decision unit 1003 of
the moving image decoding apparatus according to the
second embodiment;

Fig. 17 is a flowchart showing the flow of
processing in the moving image decoding apparatus
according to the second embodiment;

Fig. 18 is a flowchart showing the processing in
step S1107 in Fig. 17;

Fig. 19 is a view showing the correspondence
between subband indexes SI and subbands according to
the second embodiment:

Fig. 20 is a block diagram showing a coding
sequence based on the JPEG 2000 coding scheme;

Fig. 21 is a block diagram showing a decoding
sequence based on the JPEG 2000 coding scheme;

Fig. 22 is a block diagram sowing a coding
sequence based on the MPEG coding scheme;

Fig. 23 is a block diagram showing the
arrangement of a moving image coding apparatus
according to the fourth embodiment;

Fig. 24 is a view showing an example of a
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threshold TB(Sb) table held in threshold holding units
2301 and 2500; and

Fig. 25 is a block diagram showing the
arrangement of a moving image decoding apparatus

according to the fourth embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

The embodiments of the present invention will be
described in detail below with reference to the
accompanying drawings.
<First Embodiment)>

Fig. 1 is a block diagram showing the arrangement
of a moving image coding apparatus according to the
first embodiment. Referring to Fig. 1, reference
numeral 100 denotes a moving image data input unit;
101, a discrete wavelet transformation unit; 102, a bit
shift unit; 103, a subtracter; 104, a coefficient
coding unit; 105, a frame memory; 106, a motion
compensation unit; 107, a motion vector detection unit;
108, a motion vector coding unit; 109, lower bitplane
coding unit; 110, a rectangular block dividing unit;
111, a multiplexing unit; and 112, a code data output
unit.

The operation of each constituent element of the
moving image coding apparatus shown in Fig. 1 will be
described next. Assume that the input frame rate of

the moving image data input unit 100 is 30 frames/sec,
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and the image of each frame is monochrome moving image
data with each pixel having a luminance value of eight
bits. Assume that the data of such a moving image is
captured in the moving image coding apparatus by an
amount corresponding to four sec (a total of 120
frames), and is coded. Note that the above settings
are for the sake of facilitating the understanding of
the embodiment. |

First of all, four-sec moving image data (= 120
frames) including 30 frames per sec is input from the
moving image data input unit 100. The moving image
data iInput unit 100 is, for example, an image sensing
unit such as a digital camera, and can be implemented
by an image sensing device such as a CCD and various
kinds of image adjusting circuits for gamma correction,
shading correction, and the like. In some cases, this
unit may be designed to receive the result obtained by
A/D-converting a sensed video from a video camera. An
input moving image may be stored in a semiconductor
memory such as a RAM or may be temporarily stored in a
large~capacity storage device such as a hard disk which
is low in price per unit capacity.

The moving image data input unit 100 sends input
moving image data, frame by frame, to the discrete
wavelet transformation unit 101. Note that in the
following description, for the sake of convenience, the

respective frame data are sequentially numbered from 1
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in input order, like a frame £1, frame £2,..., thereby
identifying each frame. Let x be a pixel position
(coordinate) in the horizontal direction of each frame,
y be a pixel position in the vertical direction, and
P(x, y) be a pixel wvalue at a pixel position (x, y).

In this embodiment, one pixel comprises eight bits, and
hence takes a value satisfying 0 =< P(x, y) = 255.

One-frame image data input from the moving image
data input unit 100 is properly stored in an internal
buffer (not shown) in the discrete wavelet
transformation unit 101 to be subjected to
two-dimensional discrete wavelet transformation.
Two-dimensional discrete wavelet transformation is
realized by applying one-dimensional discrete wavelet
transformation to the data in the horizontal and
vertical directions. Figs. 2A to 2C are views for
explaining the processing of generating four subbands
by performing two-dimensional discrete wavelet
transformation for one-frame image data.

Fig. 2A is a wview showing one-frame image data to
be coded. When an image to be coded like the one shown
in Fig. 2A is processed while a one-dimensional
discrete wavelet transformation filter in the vertical
direction is shifted in the horizontal direction, the
image can be decomposed into a low-frequency subband L
and high-frequency subband H. When each subband is

processed while a one-dimensional discrete wavelet
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transformation filter in the horizontal direction is
shifted in the vertical direction, the respective
subbands can be decomposed into four subbands LL, HL,
LH, and HH which are two-dimensional discrete wavelet
transformation results like those shown in Fig. 2C.

The discrete wavelet transformation unit 101 in
this moving image coding apparatus repeats similar
processing to apply two-dimensional discrete wavelet
transformation to the subband LL obtained by the above
two-dimensional discrete wavelet transformation. This
makes it possible to decompose the image to be coded
into seven subbands LL, LH1, HL1, HH1, LH2, HL2, and
HH2. Fig. 3 is a view showing the seven subbands
obtained by performing two-dimensional discrete wavelet
transformation twice.

Note that in this moving image coding apparatus,
a coefficient in each subband is represented by C(Sb, x,
y) where Sb represents the type of subband, i.e., one
of LL, LH1, HL1l, HH1, LH2, HL2, and HH2. In addition,
(x, y) represents a coefficient position (coordinates)
in the horizontal and vertical directions when the
coefficient position at the upper left corner in each
subband is represented by (0, 0).

In this case, the discrete wavelet transformation
unit 101 performs one-dimensional wavelet
transformation for N one-dimensional signals x(n)

(where n is an integer from 0 to N - 1) using an
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integer type 5 x 3 filter represented by:

h(n) = x (2n + 1) - floor{(x(2n) + x(2n +
2))/2} . Ceea (1)
1(n) = x(2n) + f£floor{(h(n - 1) + h(n) + 2)/4}

.(2)
where h(n) is a coefficient of a high-frequency subband,
1(n) is a coefficient of a low-frequency subband, and
floor{R} is the maximum integral value that does not
exceed a real number R. Note that wvalues x(n) at the
two ends (n < 0 and n >N - 1) of a one-dimensional
signal x(n) which are required for the calculation of
equations (1) and (2) are obtained in advance f£rom the
value of the one-dimensional signal x(n) (n = 0 to
N - 1) by a known method.

Assume that in this embodiment, each coefficient
obtained upon execution of wavelet coding has'a 1-bit
sign representing a polarity.

The rectangular block dividing unit 110 divides a
coefficient C(LL, x, v) of the subband LL, of the
coefficients of the subbands generated by the discrete
wavelet transformation unit 101, into a plurality of
rectangular blocks Bl, B2, ..., Bn each having a width
Wb and a height Hb. The rectangular block dividing
unit 110 reads coefficients in respective blocks in the
subband LL in the raster scan order and outputs them to
the bit shift unit 102.

The bit shift unit 102 extracts an upper bit
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portion of the coefficient C(LL, x, y) input from the
rectangular block dividing unit 110 by shifting the
coefficient to the right by a predetermined bit count
Tb (equivalent to quantization (division) by a
quantization step 2™). More specifically, the bit
shift unit‘loz obtains an upper bit portion U(LL, x, y)
of the coefficient value C(LL, x, y) according to
equation (3) and outputs the wupper bit portion:

U(LL, x, y) = sign{C(LL, x, y)} x

floor{|C(LL, x, y)!/2"} ...(3)
where sign{I} is a function representing the sign of an
integer I, which returns 1 when I is positive, and -1
when I is negative, floor{R} is the maximum integral
value that does not exceed a real number R, and |R!
represents the absolute value of the real number R.

The frame memory 105 has areas for storing the
coefficients of two subbands LL. The upper bit portion
of the coefficient of the subband LL in the immediately
preceding frame is stored in one area. The upper bit
portion U(LL, x, yv) of the coefficient of the subband
LL in a target frame which is generated by the bit
shift unit 102 is stored in the other area.

.The motion vector detection unit 107 searches for
a motion vector for each block with respect to U(LL, x,
y) generated by the bit shift unit 102 by using the
quantized subband LL in the immediately preceding frame

stored in the frame memory 105 as a reference frame.
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- 18 -

The motion vector detection unit 107 detects a block
(to be referred to as a reference block hereinafter) in
the reference frame which exhibits the minimum error
with respect to the target block, and outputs, as a
motion vector, a relative position concerning the
coordinates of the detected block with reference to the
coordinates of the target block. Fig. 6B shows a
target block Bi in the target frame. Fig. 6A shows the
relationship between the target block Bi, the reference
block in the preceding frame, and the motion vector.

The motion compensation wunit 106 reads out the
coefficient value of the reference block from the frame
memory 105 on the basis of the motion vector calculated
by>the motion vector detection unit 107 with respect to
the target block Bi, and outputs the read value as a
predicted value.

The subtracter 103 obtains the difference between
U(LL, x, y) of the target block and the predicted value
output from the motion compensation unit 106, and
outputs the difference as a prediction error wvalue.

The coefficient coding unit 104 codes the
prediction error wvalue output from the subtracter 103
for each block and generates a code sequence. Any
coding method can be used by the coefficient coding
unit 104 as long as it is suitable to code a prediction
error value. For example, the coefficient coding unit

104 can use a technique similar to the prediction error
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signal coding technique in JPEG-LS (ISO/IEC 14495-1 and
2) recommended as international standards for lossless
compression and quasi-lossless compression of
continuous-tone still images, or a technigue similar to
the code block coding technique in JPEG 2000 Part 1
(ISO/IEC 15444-1).

The motion vector coding unit 168 codes the
motion vector output from the motion vector detection
unit 107. As a motion vector coding technique, a
motion vector coding technique in MPEG or the like can
be used.

With regard to the information of lower Tb bits
of the coefficient C(LL, x, y) of the subband LL which
is lost by the bit shift processing (quantization
processing) performed by the bit shift unit 102, the
lower bitplane coding unit 109 codes the respective
bitplanes from bit 0, which is the LSB, to bit Tb-1 on
a bitplane basis.

In this case, since the lower Tb bits of the
coefficient C(LL, x, y) of the subband LL are coded,
bits upper than the bit Tb are‘regarded as coded bits.
That is, as described above, only bitplanes between bit
0 and bit Tb-1 are effective. Bitplanes axre coded from
a bitplane of the upper bit Tb-1 to a lower bitplane.
If all the bits upper than bit Tb of the target
coefficient C(LL, x, y) are 0, i.e., U(LL, x, y) is 0,

bit "1" is detected first, and sign "0" or "1"
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' representing the polarity of a coefficient having "1"

is added. The resultant data is then coded.

As a technigue used to code bitplanes in the
lower bitplane coding unit 109, any method which is
suitable to code binary information can be used. For
example, the lower bitplane coding unit 109 can use,
for example, a method of classifying coefficients into
a plurality of contexts according to the states on the
basis of whethef coefficients around a target
coefficient are significant or insignificant, and using
binary arithmetic coding. In this case, that a given
coefficient is significant means that when a target bit
is coded, it is already known that the coefficient is
not 0. That a given coefficient is insignificant means
that there is a possibility that the coefficient may be
0. The respective bits in a target bitplane are
classified into a plurality of categories
(sub-bitplanes), and can be coded for each category by
a plurality of number of times of scanning. The code
block coding tecﬁnique in international standard JPEG
2000 is suitable as a bitplane coding scheme used in
the lower bitplane coding unit 109.

The coefficients of subbands other than the
subband LL are also coded by the lower bitplane coding
unit 109 on a bitplane basis. Since subbands other
than the subband LL have no information corresponding

to U(LL, %, y) of the subband LL, the bits from the
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most significant bit to the least significant bit are
coded for each bitplane, and the most significant bit
"1" of each coefficient is coded. Thereafter, the sign
representing a polarity is represented by "0" or "1™
and coded.

The multiplexing unit 111 combines code sequences
output from the motion vector coding unit 108,
coefficient coding unit 104, and lower bitpléne coding
unit 109 while storing them in the internal buffer (not
shown), and adds various kinds of information necessary
for decoding as a header to the code sequence, thereby
forming a final code sequence as an output from the
moving image coding apparatus of this embodiment. As a
method of forming a code.sequence, a method of
arranging code sequences in various orders like a code
sequence forming method in international standards JPEG
2000 is available. Fig. 15 shows an example of the
format of a code sequence output from the multiplexing
unit 111 when code sequences are arranged in subband
order from the subband LL to the subband HH2.

Referring to Fig. 15, the code data U(LL, x, y) in the
code data of the subband LL contains the motion vectox
code data generated by the motion vector coding unit
108 and the code data U(LL, x, y) generated by the
coefficient coding unit 104. In addition, the

(Tb - 1)th code data (the code data of the bitplane of

bit Tb-1) to the 1lst (LSB) code data (the code data of
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the bitplane of bit 0) in the code data of the subband
LL contain the code data of the lower Tb bitplane of
the subband LL generated by the lower bitplane coding
unit 109. The code data of subbands other than the
subband LL contain the code data of the uppermost bit
(MSB) to the code data of the first bit (LSB) of each
subband generated by the lower bitplane coding unit 109.

The code data output unit 112 outputs the moving
image code data output from the multiplexing unit 111
to the outside of the apparatus. The code data output
unit 112 can be implemented by, for example, an
interface with a network line or a secondary storage
device such as a hard disk or memory.

Moving image coding processing in this embodiment
has been described above. A sequence for this
processing will be described more clearly with
reference to Fig. 14. The moving image coding
apparatus of this embodiment performs initialization
processing, e.g., clearing the frame memory 105, before
coding of a moving image to be coded (step S1400).

The moving image data input unit 100 then reads
one-frame image data and sends it to the discrete
wavelet transformation unit 101 (step S1401). The
discrete wavelet transformation unit 101 executes
wavelet transformation for the frame data to be coded a
predetermined number of times (step S1402). The

rectangular block dividing unit 110, bit shift unit 102,
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subtracter 103, motion vector detection unit 107,
motion compensation unit 106, motion vector coding unit
108, coefficient coding unit 104, and lower bitplane
coding unit 109 code the'coefficient of the subband LL
generated by the discrete wavelet transformation unit
101 (step S1403). The flow of processing in step S1403
will be described later.

The lower bitplane coding unit 109 then codes
subbands other than the subband LL for each subband
(step S1404).

Subsequently, the multiplexing unit 111 combines
the code sequences from the coefficient coding unit 104,
motion vector coding unit 108, and lower bitplane
coding unit 109 to form the code data of the frame
(step S1405).

It is then determined whether or not the coded
frame is the last frame (step $1406). If the coded
frame is not the last frame, the flow returns to step
S1401 to perform coding processing for the next frame
data in the same manner. If the coded frame is the
last frame, the code data output unit 112 finishes
outputting the generated moving imagé code data,
thereby terminating the coding processing.

The flow of coding processing for the subband LL
in step S1403 will be described next with reference to
Fig. 13. First of all, the rectangular block dividing

unit 110 reads out one-block coefficient data in the



10

15

20

25

WO 2005/088977 PCT/JP2005/004851

subband LL (step S1301). Subsequently, the bit shift
unit 102 performs bit shift processing in the block and
stores the value after the shift proces sing ‘b(quantized
coefficient value) in the frame memory 105 (step S1302).
The motion vector detection unit 107 searches the upper
bit portion of the subband LL of the immmediately
preceding frame for a reference block exhibiting the
minimum error with respect to the target block, and
generates a motion vector (step S1303). The motion
vector coding unit 108 codes this motiom wvector to
generate a code sequence with respect to©o the motion
vector (step S1304). The motion compensation unit 106
and subtracter 103 generate a predictiom error of the
target block (step S1305). The coefficient coding unit
104 codes this error and generates a code sequence of a
plurality of upper bit portions of the block (step
S1306). The lower bitplane coding unit 109 codes the
information of the lower Tb bit portion of the target
block for each bitplane to generate a code sequence
(step S1307). It is determined whether or not the
coded block is the last block of the subband LL. If
the coded block is not the last block, the flow returns
to step S1301 to perform coding processing for the next
rectangular block in the same manner. Xf the coded
block is the last block, the coding pro<essing for the
subband LL is terminated.

Although the description is out oz-f sequence, no
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frame exists before the first frame £l of the moving
image. If, however, that area of the frame memory 105
in which the LL components of the previous frame are
stored is cleared to 0, the subtracter 103 subtracts 0
from the blocks of the current frame in effect. This
operation is therefore equivalent to coding the start
frame as an intra-frame.

A moving image decoding apparatus according to
this embodiment will be described next.

Fig. 4 is a block diagram showing the arrangement
of the moving image decoding apparatus according to
this embodiment. Referring to Fig. 4, reference
numeral 401 denotes a code data input unit; 402, a
separating unit; 403, a non-decoding bitplane decision
unit; 404, a lower bitplane decoding unit; 405, a bit
shift unit; 406, a coefficient decoding unit; 407, a
motion vector decoding unit; 408, an adder; 409, a
motion compensation unit; 410, a frame memory; 411, a
rectangular block combining unit; 412, an inverse
discrete wavelet transformation unit; 413, a moving
image data output unit; and 414, a decoding time
measuring unit.

Moving image data decoding processing by the
moving image decoding apparatus of this embodiment is
basically the reverse processing to the above coding
processing in the moving image coding apparatus.

Therefore, a characteristic part of the decoding
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processing will be mainly described below, with other
parts being briefly described as the operation of each
constituent element. In addition, the frame memory 410
is cleared to "O" when a series of coded moving image
data is played back. In decoding the first frame f1,
therefore, the adder 408 adds 0, which is processing
equivalent to decoding an intra-frame.

First of all, moving image code data to be
decoded is input from the code data input unit 401.
The input moving image code data is code data generated
by the moving image coding apparatus described above.

The separating unit 402 analyzes the code data,
and sends the motion vector code data of the subband LL
to the motion vector decoding unit 407, the code data
U(LL, x, y) of the subband LL to the coefficient
decoding unit 406, and the code data of each bitplane
to the lower bitplane decoding unit 404.

The motion vector decoding unit 407 decodes the

. motion vector coded by the motion vector coding unit

108 and outputs it.

Like the frame memory 105, the frame memory 410
has areas for storing the coefficients of the two
subbands LL. The upper bit portion of the coefficient
of the subband LL in the immediately preceding frame is
stored in one area. The upper bit portion U(LL, x, ¥v)
of the coefficient of the subband LL of the target

frame is stored in the other area. It is therefore
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guaranteed that neither the difference data of the LL
components of the target frame stored in this frame
memory nor the decoded image data of the LL components
of the immediately preceding frame contain any errors.

The motion compensation unit 409 reads out a
coefficient value of the reference block from the frame
memory 410 on the basis of the motion vector decoded by
the motion vector decoding unit 407, and outputs it as
a predicted value.

The coefficient decoding unit 406 decodes a
prediction error of the coefficient f£rom the
coefficient code data generated by the coefficient
coding unit 104.

The adder 408 adds the predicted value output
from the motion compensation unit 409 to the prediction
error decoded by the coefficient decoding unit 406 to
decode the upper bit portion U(LL, x, y) of the
coefficient.

The lower bitplane decoding unit 404 decodes the
bitplane code data geherated by the lower bitplane
coding unit 109. The sign of the coefficient contained
in the code data of the bitplane is decoded at the same
timing as that in coding. Note that the lower Tb bits
of the coefficient of the subband LL are decoded by
referring to the upper bit portion U(LL, x, y) of the
coefficient stored in the frame memory 410, as needed.

In this case, however, the non-decoding bitplane
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decision unit 403 designates a lower bitplane count ND
(Sb) not to be decoded with respect to each subband,
and the lower bitplane decoding unit 404 performs.no
decoding processing for the number of lower bitplanes
designated by the lower bitplane decoding unit 404.
Assume that the coefficient of the subband HH2 is to be
decoded, and the non-decoding bitplane count ND (HH2)
provided by the non-decoding bitplane decision unit 403
is "2". In this case, the code data of the bitplane of
the third bit (bit 2) from the most significant
bitplane of the code data of the coefficient of the
subband HH2 input from the separating unit 402 is
decoded, but the bitplanes of the second bit (bit 1)
and first bit (bit 0) are not decoded. Proper values
are set for the bitplanes which are not decoded. For
example, an intermediate value in the range of values
which the coefficient can take is set. In this case,
in the above example, when all the decoded portions of
the coefficient are 0, "0" is set at the second bit
(bit 1) and the first bit (bit 0). Otherwise, "1" is
set at the second bit, and "0" is set at the first bit.
When priority is to be given to processing speed, a
simple method of setting all the portions to "0" may be
used.

The bit shift unit 405 shifts decoded U(LL, x, V)
to the left (in the upper bit direction) by Tb bits and

combines the lower Tb bit portion with the information
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of the lower Tb bits decoded by the lower bitplane
decoding unit 404, thereby generating a decoded value
C'(LL, x, y) of the coefficient C(LL, %, y). If U(LL,
X, y) is 0, and at least one of the lower Tb bits is
"1", the sign of the coefficient decoded by the lower
bitplane decoding unit 404 is used as the sign of C'(LL,
X, ¥). |

The rectangular block combining unit 411 combines
the respective blocks of the subband LI decoded by the
bit shift unit 405 to decode the subband LL.

The inverse discrete wavelet transformation unit
412 decodes the data of the target frame by performing
discrete wavelet transformation from the coefficient of
the subband LL decoded by the rectangular block
combining unit and the coefficients of subbands other
than the subband LL which are decoded by the lower
bitplane decoding unit.

The moving image data output unit 413 outputs the
decoded image data output from the inverse discrete
wavelet transformation unit 412 to the outside of the
apparatus. Note that the moving image data output unit
413 can be realized by, for example, an interface with
a network line or display device.

The decoding time measuring unit 414 measures,
for each frame, a time Dt required between when
one-frame data to be coded is read out and when the

decoded frame data is output, and outputs the measured
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time to the non-decoding bitplane decision unit 403.

The non-decoding bitplane decision unit 403
decides the non-decoding bitplanes of each subband on
the basis of the decoding time for one frame which is
output from the decoding time measuring unit 414. The
non-decoding bitplane decision unit 403 holds inside a
variable Q (to be referred to as a "Q factor"
hereinafter) which is an index value for the decision
of a non-decoding bitplane count, a table indicating
the non-decoding bitplane count of each subband in
corresponding to each Q factor, a target decoding time
T, and a time difference AT:

AT < AT + (T - Dt)

As described above, AT takes a value near "0" if
the decoding time Dt for one frame is almost equal to
the target decoding time T, and takes a negative value
if the decoding time Dt for one frame exceeds the
target decoding time T. If the decoding time Dt for
one frame is shorter than the target decoding time T,
AT takes a positive value. That is, AT can be regarded
as an index value representing remaining power for
processing.

Fig. 8 shows an example of a table representing

the correspondence between the Q factor and the

- non-decoding bitplane count of each subband. Assume

that in this case, the non-decoding bitplane count of

the subband LL is a value which does not exceed Tb with
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every Q factor.

Referring to Fig. 8, setting "3" as a Q factor
indicates the following.
subband LL: There is no non-decoding bitplane, i.e.,
all bitplanes are those to be decoded.
subbands HL1 & LH1l: The code data of two upper
bitplanes (bitplanes of bit 0 and bit 1) from the least
significant bit to an upper bitplane are excluded from
those to be decoded.
subband HH1l: The code data of three bitplanes
(bitplanes of bit 0, bit 1, and bit 2) from the least
significant bitplane to an upper bitplane are excluded
from those to be decoded.
subbands HL2 & LH2: The code data of three bitplanes
(bitplanes of bit 0, bit 1, and bit 2) from the least
significant bitplane to an upper bitplane are excluded
from those to be decoded.
subband HH2: The code data of three bitplanes
(bitplanes of bit 0, bit 1, and bit 2) from the least
significant bitplane to an upper bitplane are excluded
from those to be decoded.

As is easily understood f£rom the above
description and Fig. 8, a subband of a higher frequency
component contains a larger number of bitplanes to be
excluded from those to be decoded. This is because a
subband of a lower frequency more dominates the quality

of a playback image.
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Fig. 9 is a flowchart showing -the flow of
decoding processing for moving image code data by the
moving decoding apparatus according to this embodiment.
As shown in Fig. 9, first of all, the Q factor and time
difference AT are reset to 0 before a decoding start
point of moving image code data, i.e., the start of
decoding of the code data of a frame 1 (step S701).

The non-decoding bitplane decision unit 403 then
reads out the non-decoding bitplane count of each
subband from the table on the basis of the Q factor,
and sets it in the lower bitplane decoding unit 404
(step S702).

Subsequently, one frame is decoded by the
processing by the units ranging from the code data
input unit 401 to the inverse discrete wavelet
transformation unit 412, and the fréme data is output-
to the moving image data output unit 413 (step S703).

The decoding time measuring unit 414 measures the
time Dt taken for the decoding processing for one frame
performed in step S703, and transfers the measured time
to the non-decoding bitplane decision unit 403 (step
S704).

The non-decoding bitplane decision unit 403
obtains the difference between the target decoding time
T for one frame and the actual decoding time Dt, and
adds the difference to the held time difference AT

(step S705). Assume that the target decoding time T
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for decoding the moving image data of a 30-sec frame is
1/30 sec.

The Q factor is then updated in accordance with
the value of AT (step S706). If AT is larger than a
predetermined threshold Ugq (Ug > 0) set in advance,
since there is remaining power for decoding, 1 is
subtracted from Q. As described above, AT becomes
larger than the predetermined threshold, if the sum
total of actual decoding times is smaller than the sum
total of target times. In this case, in order to
improve the decoded image quality, the Value of Q is
decreased to decrease the non-decoding bitplane count.
If AT is smaller than a predetermined threshold Lg (Lg
< 0) set in advance, 1 is added to Q to increase its
value. The value of AT becomes smaller than the
predetermined threshold Lg when the sum total of actual
decoding times is larger than the sum total of target
times. In order to shorten the‘decoding time for one
frame, the value of AT is increased to increase the
non-decoding bitplane count. In this embodiment, since
Q can take a value in the range of 0 to 9, if Q becomes
smaller than 0 by the above update processing, Q is set
to 0. If the value becomes larger than 9, Q is set to
9.

It is determined whether the frame subjected to
decoding processing is the last frame. If the frame is

not the last frame (NO), the flow shifts to step 5702
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to decode the next frame. If the frame is the last
frame (YES), the decoding processing for the moving
image code data is terminated (step S707).

The first embodiment has been described above.
In the moving image coding apparatus of this embodiment,
the range of application of motion compensation is
limited to the upper bit portion of the subband LL.
Even if, therefore, the range of transmission or
decoding of code data of other portions is changed, as
needed, in accordance with the state of a transmission
path or the processing performance of the decoding
apparatus, the influence of errors due to motion
compensation on the decoded image quality of subsequent
frames can be reduced. In addition, the coding
efficiency can be improved by eliminating the
redundancy between frames by motion compensation, and
the transmission range or decoding range of moving
image code data can be flexibly changed in accordance
with the situation. In this embodiment, since a
lossless filter is used for a wavelet transformation
portion and no quantization processing is performed on
the coding side, when all the bitplanes are decoded at
the time of decoding, the original moving image code
data can be reconstructed losslessly.

In this embodiment, subbands other than the
subband LL are coded without being divided into

rectangular blocks. However, it suffices if subbands
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other than the subband LL are coded after béing divided
into rectangular blocks. In addition, the lower
bitplane coding unit 109 performs coding on a bitplane
basis. As in international standard JPEG 2000, however,
each bit of a bitplane may be divided into a plurality
of categories in accordance with the state of adjacent
coefficients, and may be coded separately in a
plurality of scans.

In the above embodiment, motion compensation
coding is performed for the subbaﬁd LL. However, the
subbands obtained by wavelet transformation may be
classified into a group A (LL, HL1L, LH1, and HHl1) of
relatively low-frequency components including the
subband LL, and a group B (HL2, LH2, and HH2) of
subbands of high-frequency components. Upper bits are
extracted from each subband included in the group A,
and is coded for each subband included in the group A
on the basis of motion compensation. With regard to
the lower bits of the subbands in the group A and the
frequency component coefficients of the subbands in the
group B, bitplanes may be mainly coded.

Furthermore, in the above embodiment, the shift
bit count Tb represents the maximum number of bitplanes
to be non-decoded on the decoding apparatus side.
Assume that when the decoding apparatus is to determine
non-decoding bitplanes of each subband according to a

relationship like that shown in Fig. 8, the range of
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values which the Q factor can take in the decoding
apparatus is 0 to 3, there is no need to perform the
processing of obtaining LL components or upper bits of
the subbands in the group A.

Under such conditions, a plurality of subbands
obtained by wavelet transformation of one frame may be
classified into two groups A and B, motion compensation
may be performed for the respeétive subbands
constituting the group A on the basis of the data of
the subbandé contained in the group A of the previdus
frame, and the subbands in the other group may be coded
within a target frame. TIf, for example, the Q factor
can take two values 0 an 1 as shown in Fig. 8, the
group A may be constituted by LL, HL1l, and LH1, and the
group B may be constituted by HH1l, HL2, LH2, and HH2.

In addition, the functions of some or all of the
units of this embodiment may be described in software
and processed by an arithmetic unit such as a CPU.
<Second Embodiment)>

The first embodiment has exemplified the
arrangement in which motion compensation is applied to
only the upper bit portion of the subband LL. As
described above, however, motion compensation may be
applied to the upper bit portions of subbands other
than the subband LL. In addition, in wavelet
transformation, a lossless filter of an integer

arithmetic type is used. If, however, lossless coding
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is not required, a real type filter may be used, and
various kinds of guantization techniques can be used.

The second embodiment will exemplify an
arrangement which applies motion compensation to all
subbands and uses a real type filter and quantization.

Fig. 7 is a block diagram showing the arrangement
of a moving image coding apparatus according to the
second embodiment.

The same reference numerals as in Fig. 7 denote
parts having the same functions as those in the first
embodiment in Fig. 1 described above, and a description
thereof will be omitted. Reference numeral 701 denotes
a discrete wavelet transformation unit; and 702, a
coefficient guantization unit.

Assume that in this embodiment as well, moving
image code data similar to that in the first embodiment
is coded.

Like the discrete wavelet transformation unit 101
in the first embodiment, the discrete wavelet
transformation unit 701 performs two-dimensional
discrete wavelet transformation for one-frame image
data to be coded to decompose the data into seven
subbands LL, HL1l, LH1, HH1, HL2, LH2, and HH2.

The discrete wavelet transformation unit 101
performs one-dimensional wavelet transformation for N
one-dimensional signals x(n) (where n is an integer

from 0 to N - 1) using an integer type 5 x 3 filter
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represented by:
h(n) = x (2n + 1) - (x(2n) + x(2n + 2))/2 ...(4)
1(n) = x(2n) + (h(n - 1) + h(n))/4 ... (5)

where h(n) is a coefficient of a high-frequency subband,
and 1l(n) is a coefficient of a low-frequency subband.
Note that wvalues x(n) at the two ends (n < 0 and n >

N - 1) of a one-dimensional signal x(n) which are
required for the calculation of equations (4) and (5)
are obtained in advance from the value of the
one-dimensional signal x(n) (n = 0 to N - 1) by a known
method.

The coefficient quantization unit 702 quantizes a
wavelet transformation coefficient C(Sb, x, v)
generated by the discrete wavelet transformation unit
701 by using a quantization step delta(Sb) set for each
subband. Letting Q(Sb, x, y) be a quantized
céefficient value, the quantization processing
performed by the coefficient quantization unit 702 can
be represented by:

Q(Sb, x y) = sign{C(Sb, x, v)} x

floor{|{C(Sb, x, yv)i/delta(Sb)} ...(6)
where sign{lI} is a function representing the sign of an.
integexr I, which returns 1 when I is positive, and -1
when I 1is negative, and flooxr{R} is the maximum
integral value that does not exceed a real number R.
The coefficient Q(Sb, x. y) of each subband which

is quantized by the coefficient quantization unit 702



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

is similar to the coefficient C(Sb, x, y) of the
subband LL in the first embodiment. A rectangular
block dividing unit 110 divides this coefficient into
rectangular blocks. A bit shift unit 102 generates an
upper bit portion U(Sb, x, y). Motion compensation is
pexrformed for the upper bit portion U(Sb, x, y) by
referring to the same subband in the immediately
preceding frame, and a motion vector and prediction
error are coded. Lower Tb bits rounded down by the bit
shift unit 102 are coded by a lower bitplane coding
unit 109. A frame memory 105 therefore has areas for
storing all the subbands of two frames. Upper bit
portions U(LL, x, y) of the subband coefficients of the
immediately preceding frame are stored in one area, and
those of the target frame are stored in the other area.
The flow of coding processing in this embodiment
will be briefly described with reference to Fig. 12.
The moving image coding apparatus of this embodiment
performs initialization processing such as clearing the
frame memory 105 before coding of a moving image to be
coded (step S1200). A moving image data input unit 100
then reads one-frame image data and sends it to the
discrete wavelet transformation unit 701 (step S1201).
The discrete wavelet transformation unit 701 executes
wavelet transformation for the frame data to be coded
(step S1202). The rectangular block dividing unit 110,

the bit shift unit 102, a subtracter 103, a motion
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vector detection unit 107, a motion compensation unit
106, a motion vector coding unit 108, a coefficient
coding unit 104, and a lower bitplane coding unit 109
code the coefficient of eaqh subband generated by the
discrete wavelet transformation unit 701 (step S1203).
The processing in step S1203 is equivalent to the
processing in Fig. 13 in the first embodiment, which is
further applied to subbands other than the subband LL,
and a description thereof will be omitted. A
multiplexing unit 111 combines code sequences obtained
by the coefficient coding unit 104, motion wvector
coding unit 108, and lower bitplane coding unit 109 to
form the code data of the frame (step S$1204). It is
determined whether or not the coded frame is the last
frame (step S$1205). If the coded frame is not the last
frame, the £low returns to step S1201 to perform coding
processing for the next frame data in the same manner.
If the coded frame is the last frame, the code data
output unit 112 finishes outputting the generated
moving image code data, and the coding processing is
terminated.

A moving image decoding apparatus of the second
embodiment will be described next.

Fig. 10 is a block diagram showing the moving
image decoding apparatus of the second embodiment. The
same reference numerals as in Fig. 10 denote parts

having the same functions as those of the respective
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blocks of the moving image decoding apparatus in Fig. 4
in the first embodiment, and a description thereof will
be omitted. Reference numeral 1001 denotes a
coefficient dequantization unit; 1002, an inverse
discrete wavelet transformation unit; and 1003, a
non-decoding bitplane decision unit.

In the moving image decoding apparatus of this
embodiment, like the moving image decoding apparatus of
the first embodiment, moving image code data to be
decoded is input from a code data input unit 401. A
separating unit 402 analyzes the structure of the code
data, and sends motion vector code data to a motion
vector decoding unit 407, coefficient code data to a
coefficient decoding unit 406, and the lower bitplane
code data of each subband to a lower bitplane decoding
unit 404. The motion vector decoding unit 407, the
coefficient decoding unit 406, a motion compeﬁsation
unit 409, and an adder 408 decode the upper bit portion
U(Sb, x, y) of the coefficient of a subband. The lower
bitplane decoding unit 404 decodes the lower bits of
the coefficient. A bit shift unit 405 reconstructs the
quantized coefficient value Q(S, x, y). A rectangular
block combining unit 411 combines the respective blocks
constituting the subband to reconstruct the subband.

As in the first embodiment, the non-decoding
bitplane decision unit 1003 designates a lower bitplane

count ND(Sb) of bitplanes which are not decoded with



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

respect to the lower bitplane decoding unit 404. The
lower bitplane decoding unit 404 does not perform
decoding processing for the number of lower bitplanes
designated by the lower bitplane decoding unit 404.

The coefficient dequantization unit 1001
generates a reconstructed value C'(Sb, x, y) of the
coefficient of each subband from the quantization step
delta(Sb) set for each subband and the gquantized
coefficient value Q(Sb, x, v).

The inverse discrete wavelet transformation unit
1002 reconstructs the data of the target frame by
performing transformation inverse to the transformation
processing by the discrete wavelet transformation unit
701 with respect to the coefficient value C'(Sb, x, v)
of each subband reconstructed by the coefficient
dequantization unit 1001.

A decoding time measuring unit 414 measures a
time Dt required between when the code data of each
frame is read out and when the reconstructed frame data
is output, and outputs the measured time to the
non-decoding bitplane decision unit 1003.

The non-decoding bitplane decision unit 1003
decides the non-decoding bitplanes of each subband on
the basis of the decoding time for one frame which is
output f£from the decoding time measuring unit 414.

In the second embodiment, therefore, the

non-decoding bitplane decision unit 1003 holds inside a
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variable ND() for the storage of the non-decoding
bitplane count of each subband, a target decoding time
T, a time difference AT, and an index variable SI for
indexing each subband. Note that ND() without any
specific description in the parentheses indicates all
ND(0) to ND(6).

Fig. 19 shows the relationship between the
subband indexes and the subbands. As shown in Fig. 19,
a smaller subband index value indicates the subband of
a lower frequency component. Note that information is
described in the parentheses of the non-decoding
bitplane count ND() in two notations, i.e., one using
the subband index SI and the other using the subband Sb.
This is only the difference in notation, and there is a
correspondence based on the relationship shown in
Fig. 19. For example, the subband index of the subband
LL is 6, and both ND(LL) and ND(6) indicate the
non-decoding bitplane count of the subband LL.

An outline of decoding processing in the sécond
embodiment will be described below.

First of all, the variable ND() indicating the
non—decoding bitplane count of each subband is cleared
to 0, and the index variable SI indicating a subband to
be updated is cleared to 0. If the load-of decoding
processing on the processor or the like is heavy,
ND(SI) is incremented by "1", and SI is incremented by

"1". Since ND() = 0 and SI = 0 in the initial state,
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ND(0) = 1 is set as a result of the above processing.
As a consequence, the non-decoding bitplane count of
the subband HH2 is set to "1". In decoding processing
for the next frame, if the state remains unchanged,
ND(SI) = ND(1) = 1, and the non-decoding bitplane count
of the subband LH2 is set to "1". 1In this manner, when
the load is heavy, ND(SI) is incremented by "1", and
the subband index SI is also incremented.

Fig. 16 shows how the non-decoding bitplane count
of each subband is set when subband index SI = 4.

When the load required for decoding processing is
heavy, the subband index SI is incremented in the above
manner. If SI = 7, the subband index is returned to SI
= 0 to make preparations to further increase the
non-decoding bitplane count of a high-frequency
component.

When the target decoding time T becomes shorter
than the time Dt required for actual decoding
processing, it indicates that the load has decreased.
Therefore, the subband index SI is decremented, and
ND(SI) indicated by SI after updating is decremented by
"1". If SI becomes "-1", the subband index is set to
SI = 6. Note that ND() does not become smaller than 0.

Specific decoding processing in the second
embodiment will be described with reference to the
flowchart of Fig. 17.

First of all, in step S$1101, before decoding of
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moving image code data is started, i.e., decoding of
the code data of a frame fl is started, the subband
index SI and time difference AT are xeset to 0 (step
S1101).

All the non-decoding bitplane counts ND(O0),
ND(1),..., ND(6) of the respective subbands which are
held in the non-decoding bitplane decision unit 1003
are initialized to 0 (step S$1102).

The non-decoding bitplane counts ND(0) to ND(6)
stored in the non-decoding bitplane decision unit 1003
are read out and set in the lower bitplane decoding
unit 404 (step S1103).

One frame is then decoded bf the processing
performed by the units ranging from the code data input
unit 401 to the non-decoding bitplane decision unit
1003, and the frame data is output to the moving image
data output unit 413 (step S1104).

The decoding time measuring unit 414 measures the
time Dt taken for the decoding processihg for one frame
in step S1104, and transfers the measured time to the
non-decoding bitplane decision unit 1003 (step S1105).

The non-decoding bitplane decision unit 1003
obtains the difference (= T - Dt) between the target
decoding time T for one frame and the actual decoding
time Dt, and cumulatively adds the difference to the
held time difference AT (step S1106) :

AT < AT + (T - Dt)
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In step S1107, the table holding the non-decoding
bitplane count ND() and the subband index SI are
updated in accordance with the value of AT.

The processing in step S1103 and the subsequent
steps is repeated until the last frame is processed.

The details of the processing in step S1107 will
be described below with reference to the flowchart of
Fig. 18.

It is determined whether or not AT is larger than
a predetermined threshold Ug (Ug > 0) set in advance
(step S1801). If AT is larger than the threshold (YES),
since it ipdicates that the decoding time is shorter
than the target time, the subband index variable SI is
decremented by "1" (step S1802).

It is determined in step S1803 whether or not the
variable SI is "-1" (step S1803). If the variable is
"-1", "6" is substituted into the wvariable SI (step
S1804). The non-decoding bitplane count ND(SI) of the
subband corfesponding to the subband index variable SI
is decremented by "1" (step S1805). Note that AT
becomes larger than the predetermined threshold when
the sum total of actual decoding times is shorter than
the sum total of target times. It is therefore
preferable to improve the decoded image quality by
decreasing the non-decoding bitplane count in
accordance with the remaining power.

Note that since ND() is not allowed to be smaller
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than 0, it is determined in step S1806 whether or not
ND(SI) is smaller than "0". If ND(SI) becomes smaller
than 0, ND(SI) is set to "0" and the Hindex variable is
set to SI = 0 in step S1807 (step S1807).

If it is determined as a result of comparison in
step S1801 that AT =< Ug (NO), the flow advances to step
S1808 to compare AT with a predetermimned threshold Lg
(Lg < 0) set in advance.

If AT > Lg (NO), since it indicates that the
current decoding processing falls within an allowable
range with respect to the target decoding time T, this
processing is terminated without any change in the
index variable SI and the non-decoding bitplane count.

If it is determined in step S1808 that AT =< Lq,
the f£low advances to step S1809 to increment ND(SI) by
"1". Since AT becomes smaller than the predetermined
threshold when the sum total of actual decoding times
is longer than the sum total of target times, the
decoding time for one frame is shortemed by increasing
the non-decoding bitplane coupt. In step S1810, the
index variable SI is also incremented by "1".

In this embodiment, seven subbands are generated
by performing wavelet transformation twice. Since the
numbers 0 to 6 are assigned to the indexes of the
respective subbands, the index variable SI is not
allowed to be larger than 7.

If it is determined as a result of comparison
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between the variable SI and "7" that SI = 7 (YES), the
variable SI is set to 0 in step S1812.

With the above processing, when AT is larger than
the predetermined value or smaller than the
predetermined value, the non-decoding bitplane count
ND() of one subband can be changed one by one. Note,
however, that the non-decoding bitplane count ND() is
not allowed to exceed Tb.

The moving image coding apparatus of the second
embodiment applies motion compensation to the upper bit
portions of the coefficients of subbands other than the
subband LL so as to improve the coding efficiency as
compared with the first embodiment. In this embodiment,
as in the first embodiment, even if the transmission or
decoding range of lower bit portions is changed as
needed in accordance with the state of a transmission
path or the processing performance of the decoding
apparatus, errors due to motion compensation exert no
influence on the decoded image quality of subsequent
frames. Therefore, the coding efficiency can be
improved by eliminating the redundancy between frames
by motion compensation, and the transmission range or
decoding range of moving image code data can be
flexibly changed in accordance with the situation. 1In
this embodiment, wavelet transformation coefficients
are quantized by using the quantization step delta(Sb)

set for each subband. This makes it possible to reduce
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the code amount of moving image code data as compared
with the first embodiment.
<Third Embodiment)

Although there has been no mention about the
adjustment of the overall code amount of moving image
code data to be output in the moving image coding
apparatuses according to the first and second
embodiments described above, the generated code amount
can be easily controlled by adjusting the range of
lower bitplanes to be coded. The third embodiment will
exemplify a case wherein an overall code amount is
adjusted.

Fig. 11 is a block diagram showing the
arrangement of a moving image coding apparatus
according to the third embodiment. The moving image
coding apparatus of the third embodiment has an
arrangement obtained by adding a non-coding bitplane
decision unit 1101 to the moving image coding appératus
of the second embodiment shown in Fig. 7. Differences
in operation from the moving image coding apparatus of
the second embodiment will be described below.

A lower bitplane coding unit 109 codes the lower
Tb bits of each subband as in the moving image coding
apparatus of the second embodiment. In this case, the
non-coding bitplane decision unit 1101 sets the number
of lower bitplanes which are not to be coded, i.e., a

non-coding bitplane count NE(Sb), and the lower
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bitplane coding unit 109 does not code the lower NE(Sb)
bitplanes of a coefficiemt.

The non-coding bitplane decision unit 1101
adjusts the overall genexated code amount by
increasing/decreasing the non-coding bitplane count
NE(Sb) for each subband £rom the generated code amount
of a coded frame. Assume that the value of the
non-coding bitplane count NE(Sb) does not exceed Tb
(indicating a lower bit <ount). The non-coding
bitplane count NE(Sb) cam be adjusted by the same
method as that used to adjust the non-decoding bitplane
count ND(Sb) in accordance with the decoding time in
the moving image decoding apparatuses according to the
first and second embodiments.

A condition parameter for adjustment in this case
is not time but is set as follows. The following is a
case wherein the Q factoaxr in the first embodiment is
used.

Letting Vs be a taxget code data amount for one
frame, and Vc be the code amount of the immediately
preceding frame, a diffexrence Vt is obtained as
follows:

Vt < Vt + (Vs - V&)

If Vt is larger than a positive threshold Tl, the
Q factor is decremented by "1" (note, however, that the
Q factor should not be' reduced below 0). If Vt becomes

smaller than a negative threshold T2, the Q factor is
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incremented by "1" (note, however, that the Q factor is
not allowed to exceed "9" according to the example
shown in Fig. 8).

In order to comply with the second embodiment,
NE(Sb) may be adjusted by comparing Vt with T1 and T2,
and changing the index SI.

As described above, in the moving image codihg
apparatus of this embodiment, as in the first and
second embodiments, the transmission or decoding range
of the code data of lower bit portions can be changed
as needed in accordance with the state of a
transmission path or the processing performance of the
decoding apparatus. In addition, the overall code
amount of moving image code data can be adjusted by
properly adjusting the non-coding bitplane count NE(Sb)
using the non-coding bitplane decision unit.

The moving image coding apparatus of this
embodiment has exemplified the arrangement configured
not to code predetermined lower bits by setting a
non-coding bitplane count. However, control of a code
amount can be realized by rounding down coded bitplanes
(discarding bitplanes without outputting them).

{Fourth Embodiment)

The second embodiment has exemplified the case
wherein the coefficients of all subbands are regarded
as targets for motion compensation, and motion

compensation is applied to upper bit portions.
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According to the description of the second embodiment,
a coefficient is separated into an upper bit portion
and a lower bit portion on the basis of the bit:
position indicated by the fixed threshold Tb. However,
the quality of an image played back by an upper bit
portion can be improved by setting the threshold Tb for
each subband in accordance with the degree of
importance of each subband coefficient with respect to
objective and subjective image qualities.

The fourth embodiment will exemplify a case
wherein a threshold TB(Sb) is individually set for each
subband, and each coefficient is separated into an
upper bit portion and a lower bit portion by using this
threshold.

Fig. 23 is a block diagram showing the
arrangement of a moving image coding apparatus
according to the fourth embodiment. The same reference
numerals as in Fig. 23 denote parts having the same
functions as those in the first and second embodiments
in Figs. 1 and 7 described above, and a description
thereof will be omitted. Reference numeral 2300
denotes a signal line; 2301, a threshold holding unit;
2302, a bit shift unit; 2303, a lower bitplane coding
unit; and 2304, a multiplexing unit.

In this embodiment as well, moving image code
data similar to that in the first and second

embodiments is coded.
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In the moving image coding apparatus of this
embodiment, before coding processing, the threshold
TB(Sb) for separating the coefficient of each subband
Sb into an upper bit portion and a lower bit portion is
input from outside the apparatus through the signal
line 2300, and held in the threshold holding unit 2301.
Assume that thresholds TB(Sb) like those shown in
Fig. 24 are set.

The bit shift unit 2302 extracts an upper bit
portion U(Sb, x, y) of a coefficient Q(Sb, x, y) of
each subband quantized and input from a rectangular
block dividing unit 110 by shifting the coefficient to
the right by the threshold TB(Sb) stored in the
threshold holding unit 2301 (equivalent to quantization
(division) by a quantization step 2™(®)). mThe bit
shift processing performed by the bit shift unit 2302
is the same as the bit shift processing performed by
the bit shift unit 102 described in the first
embodiment. Note that if TB(SB) in Fig. 24 is set in
the threshold holding unit 2301, since TB(LL) is 0, no
bit shift is performed for the coéfficient of a subband
LL.

With regard to the information of the lower
TB(SB) bits of the coefficient Q(Sb, x, y) of each
subband which is lost by the bit shift processing
(quantization processing) performed by the bit shift

unit 2302, the lower bitplane coding unit 2303 codes
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the respective bitplanes from bit 0 which is the LSB to
bit TB(Sb) - 1 on a bitplane basis. Like the lower
bitplane coding unit 109 in the first embodiment, the
lower bitplane coding unit 2303 codes the bitplanes
5 from the bitplane of the upper bit TB(Sb) - 1 to the
bitplane of the LSB. When TB(Sb) in Fig. 24 is given,
since TB(LL) for the subband LL is 0, the lower
bitplane coding unit 2303 does not code the bitplane.
The multiplexing unit 2304 combines code
10 sequences output from a motion vector coding unit 108,
a coefficient coding unit 104, and the lower bitplane
coding unit 2303 and the threshold TB(Sb) stored in the
threshold holding unit 2301 while storing them in an
internal buffer (not shown), and adds, as a header,
15 wvarious kinds of information necessary for decoding to
the combined information, thereby forming a final code
sequence to be output from the moving image coding
apparatus of this embodiment. The arrangement of the
final code sequence generated by the multiplexing unit
20 2304 is basically the same as that of the code sequence
generated by the multiplexing unit 111 described in the
‘ first embodiment, and differs in that the threshold
TB(Sb) stored in the threshold holding unit 2301 is set
in the header and transmitted.
25 Although the differences between the moving image
coding apparatus of the fourth embodiment and those of

the first and second embodiments have been described
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above, the basic flow of processing is the same as that
described in the second embodiment described with
reference to Fig. 12. Note, however, that the
processing of setting the threshold TB(Sb) in the
threshold holding unit 2301 is added to the
initialization processing performed in step S$1200.

A moving image decoding apparatus according to
the fourth embodiment will be described next.

Fig. 25 is a block diagram showing a moving i.mage
decoding apparatus according to the fourth embodiment.

The same reference numerals as in Fig. 25 denote parts

.having the same functions as those of the respectiwve

blocks of the moving image decoding apparatus in
Fig. 11 in the second embodiment, and a descriptiom
thereof will be omitted. Reference numeral 2500
denotes a threshold holding unit; 2501, a lower
bitplane decoding unit; 2502, a bit shift unit; and
2503, a separating unit.

In the moving image decoding apparatus of the
fourth embodiment, as in the moving image decoding
apparatuses of the first and second embodiments, moving
image code data to be decoded is input from a code data
input unit 401, and the separating unit 2503 analyzes
the structure of the code data to send motion vector
code data to a motion vector decoding unit 407,
coefficient code data to a coefficient decoding uni.t

406, and the lower bitplane code data of the
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coefficient of each subband to the lower bitplane
decoding unit 2501. In this embodiment, a threshold
TB(Sb) is also extracted from the header and stored in
the threshold holding unit 2500. With this operation,
a table of thresholds TB(Sb) like that shown in Fig. 24
is held in the threshold holding unit 2500.

The lower bitplane decoding unit 2501 and bit
shift unit 2502 read out the threshold TB(Sb) from the
threshold holding unit 2500 in accordance with the
target subband Sb to be decoded. This threshold is
used for processes performed by the respective units.

Like the lower bitplane decoding unit 404 in the
first embodiment, the lower bitplane decoding unit 2501
decodes the bitplane code data generated by the lower
bitplane coding unit 2303. Note that the lower TB(Sb)
bits of the coefficient of each éubband are decoded by
referring to the upper bit portion U(Sb, x, y) of the
coefficient stored in a frame memory 410, as needed.
When the threshold TB(Sb) like that shown in Fig. 24 is
to be used, since TB(LL) is 0, the whole coefficient of
the subband LL is decoded by the coefficient decoding
unit 406, and the number of bitplanes to be decoded by
the lower bitplane decoding unit 2501 becomes 0. In
addition, when a non-decoding bitplane count ND(Sb)
supplied from the non-decoding bitplane decision unit
1003 is larger than TB(Sb), the number of bitplanes to

be decoded by the lower bitpléne decoding unit 2501 is
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The bit shift unit 2502 shifts reconstructed U(Sb,
x, y) to the left (in the upper bit direction) by the
TB(Sb) bits and combines the lower TB(Sb) bit portion
with the information of the lower TB(Sb) bit portion
decoded by the lower bitplane decoding unit 2501,
thereby generating the reconstructed value of the
gquantized coefficient Q(Sb, x, y). If U(Sb, %, y) is 0
and at least one of the lower TB(Sb) bits is "1", the
sign of the coefficient decoded by the lower bitplane
decoding unit 2501 is used as the sign of Q(Sb, x, v).

The £low of decoding processing in the fourth
embodiment is basically the same as the moving image
decoding processing in the secoﬁd embodiment, but
differs in that when one frame is to be decoded in step
$1104, the threshold TB(Sb) must be extracted by’
analyzing the header of the moving image code data at
the timing in, for example, step S1101, and must be
stored in the threshold holding unit 2500.

As described above, in the moving image coding
apparatus of the fourth embodiment, the threshold
TB(Sb) is set for each subband, a coefficient is
separated into an upper bit portion and a lower bit
portion by using the threshold, and motion compensation
is applied to only the upper bit portion. According to
this embodiment, the image quality of an image played

back by decoding only a bit portion in the motion
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compensation application range, i.e., the upper bit
portion of each subband, can be adjusted. For example,
the subjective and objective image qualities can be
improved by properly combining the subband guantization
step delta(Sb) and the threshold TB(Sb). For example,
as shown in Fig. 24, no lower bit portion may be set
for the subband LL which exert great influence on image
quality, and motion compensation may be applied to the
whole subband LL. In this embodiment, és in the first
and second embodiments, even if the transmission oxr
decoding range of the code data of lower bit portions
is changed as needed in accordance with the state of a
transmission path or the processing performance of the
decoding apparatus, errors due to motion compensation
exert no influence on the decoded image quality of
subsequent frames. Therefore, the coding efficiency
can be improved by eliminating the redundancy between
frames by motion compensation, and the transmission
range or decoding range of moving image code data can
be flexibly changed in accordance with the situation.
<Other Embodiment)>

The present invention is not limited to the above
embodiments. In the above embodiments, discrete
wavelet transformation is performed for each frame,
i.e., one frame is handled as one tile. However, one
frame may be divided into a plurality of tiles, and the

above processing may be applied to each tile. 1In
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addition, when bitplanes are to be coded, each bitplane
may be coded in a plurality of passes.

In addition, a filter for subband decomposition
is not limited to the one described in the above
embodiments, and other types of filters such as a real
type 9 x 7 filter may be used. The number of times
such filter is applied is not limited to that in the
above embodiments. In the above embodiments,
one-dimensional discrete wavelet transformation is
performed the same number of times in the horizontal
direction and the vertical direction. However, such
transformation need not be performed the same number of
times.

In addition, the structure of moving image code
data is not limited to that in the above embodiments,
and the order of code sequences, the storage form of
additional information, and the like may be changed.
Furthermore, the measurement of a decoding time is not
limited to the form in the above embodiments. For
example, it may be estimated that wavelet
transformation or the like requires an almost constant
processing time, and only the time taken for bitplane
decoding may be measured. Alternatively, a processing
time may be measured for every a plurality of frames to
control a non-decoding portion.

In the above embodiments, motion compensation is

performed by referring to only the immediately
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preceding frame. However, the present invention is not
limited to this. Prediction may be performed by
referring to another frame or a plurality of frames.

Obviously, as in a general moving image coding
scheme, code data (I-frame) which is coded
independently may be inserted at proper intervals
without referring to other frames.

The present invention may be applied to a system
constituted by a plurality of devices (e.g., a host
computer, interface device, reader, printer, and the
like) or an apparatus comprising a single device (e.g.;
a copying machine, facsimile apparatus, or the like).

The object of the present invention is realized
even by supplying a storage medium (or a recording
medium) storing software program codes for realizing the
functions of the above-described embodiments to a system
or apparatus, and causing the computer (or a CPU or MPU)
of the system or apparatus to read out and execute the
program codes stored in the storage medium. In this
case, the program codes read out from the storage medium
realize the functions of the above-described embodiments
by themselves, and the storage medium storing the
program codes constitutes the present invention. The
functions of the above-described embodiments are
realized not only when the readout program codes are
executed by the computer but also when the operating

system (OS) running on the computer performs part or all
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of actual processing on the basis of the instructions of
the program codes. As a storage medium storing the
program codes, a flexible disk, hard disk, ROM, RAM,
magnetic tape, nonvolatile memory card, CD-ROM, CD-R,
DVD, optical disk, magnetooptical disk, MO, or the like
can be used.

The functions of the above-described embodiments
are also realized when the program codes read out from
the storage medium are written in the memory of a
function expansion board inserted into the computer or a
function expansion unit connected to the computer, and
the CPU of the function expansion board or function
expansion unit performs part or all of actual processing
on the basis of the instructions of the program codes.

When the present invention is to be applied to
the above storage medium, program codes corresponding
to the flowcharts described above are stored in the
sforage medium.

As has been described above, according to the
present invention, the technique of decomposing each
frame constituting a moving image into subbands having
different frequency component data by wavelet
transformation or the like can be used, while code data
can be generated, which suppresses redundancy between
frames and maintains quality that can endure decoding
processing in accordance with the situation such as the

processing performance on the decoding apparatus side.



WO 2005/088977 PCT/JP2005/004851

10

As many apparently widely different embodiments
of the present invention can be made without‘departing
from the spirit and scope thereof, it is to be
understood that the invention is not limited to the
specific embodiments thereof except as defined in the

claims.
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are hereby incorporated by reference herein.
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CLAIMS

1. A moving image coding apparatus which codes
time-series frames constituting moving image data,
characterized by comprising:

decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components;

first extraction means for classifying the
plurality of subbands into a first group and a second
group and extracting, as motion compensation target
data, data of a predetermined number of upper bits of
frequency component coefficient data forming subbands
belonging to the first group:

second extraction means for extracting data of a
predetermined number of lower bits of each of fregquency
component coefficient data forming subbands belonging
to the first group:

motion compensation means for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by said first extraction means
and decoded data corresponding to motion compensation
target data obtained when a preceding frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
said motion compensation means and motion compensation

target data of the current frame and coding the
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difference value and the motion vector information;

second coding means for coding, as non-motion
compensation target‘data, data of a predetermined
number of lower bits of each frequency component
coefficient data extracted'by said second extraction
means and frequency component coefficient data of
subbands belonging to the second group; and

multiplexing means for multiplexing the code data
obtained by said first coding means and said second
coding means.
2. The apparatus according to claim 1, characterized
in that

said decomposition means decomposes a frame into
a plurality of subbands on the basis of a discrete
wavelet transformation method,

the first group comprises subbands of
low-frequency components including a subband LL, and

the second group comprises subbands of frequency
components higher in frequency than the low-frequency
components.
3. The apparatus according to claim 1 or 2,
characterized in that said second coding means performs
coding for each bitplane at each bit position which
represents frequency component data or for each
sub-bitplane.
4. The apparatus according to claim 3, characterized

in that said second coding means includes selection



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

means for selecting bits in order of a least
significant bit to an upper bit as bitplanes serving as
non-coding targets, on the basis of a generated code
amount, and codes bitplanes other than the bitplanes
selected by the selection means.

5. A control method for a moving image coding
apparatus which codes time-series frames constituting
moving image data, characterized by comprising:

a decomposition step of decomposing a frame into
a plurality of subbands having different frequency
components;

a first extraction step of classifying the
plurality of subbands into a first group and a second
group and extracting, as motion compensation target
data, data of a predetermined number of upper bits of
frequency component coefficient data forming subbands
belonging to the first group:;

a second extraction step of extracting data of a
predetermined number of lower bits of each of frequency
component coefficient data forming subbands belonging
to the first group:

a motion compensation step of generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted in the first extraction step
and decoded data corresponding to motion compensation

target data obtained when a preceding frame is coded;
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a first coding step of obtaining a difference
value between predicted value information generated in
the motion compensation step and motion compensation
target data of the current frame and coding the
difference value and the motion vector information;

a second coding step of coding, as non-motion
compensation target data, data of a predetermined
number of lower bits of each frequency component
coefficient data extracted in the second extraction
step and frequency component coefficient data of
subbands belonging to the second group; and

a multiplexing step of multiplexing the code data
obtained in the first coding step and the second coding
step.

6. A computer program which is read and executed by

a computer to function as a moving image coding

" apparatus which codes time-series frames constituting

moving image data, characterized in that the computer
program functions as:

decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components;

first extraction means for classifying the
plurality of subbands into a first group and a second
group and extracting, as motion compensation target
data, data of a predetermined number of upper bits of

frequency component coefficient data forming subbands
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belonging to the first group:

second extraction means for extracting data of a
predetermined number of lower bits of each of frequency
component coefficient data forming subbands belonging
to the first group;

motion compensation means for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by the first extraction means
and decoded data corresponding to motion compensation
target data obtained when a preceding frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
the motion compensation means and motion compensation
target data of the current frame and coding the
difference value and the motion vector information;

second coding means for coding, as non-motion
compensation target data, data of a predetermined
number of lower bits of each frequency component
coefficient data extracted by the second extraction
means and frequency component coefficient data of
subbands belonging to the second group; and

multiplexing means for multiplexing the code data
obtained by the first coding means and the second
coding means.
7. A computer-readable storage medium characterized

by storing a computer program defined in claim 6.
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8. A moving image decoding apparatus which decodes
moving image data coded by a moving image coding
apparatus defined in any one of claims 1 to 4,
characterized by comprising:

separation means for separating code data of an
input frame into first code data and second code data
respectively corresponding to the first group and the
second group;

first decoding means for generating decoded data
of the upper bits of a subband belonging to the first
group of a current frame on the basis of a difference
value and motion vector information with respect to the
predetermined upper bits of the subband belonging to
the first group of the current frame obtained by
decoding the separated first code data and decoded data
of the predetermined upper bits corresponding to the
first group of a preceding frame;

second decoding means for decoding the second
code data;

generation means for generating decoded data
corresponding to the first group of the current frame
by combining decoded data of lower bits of the first
group obtained by said second decoding means and
decoded data of upper bits obtained by said first
decoding means; and

reconstruction means for reconstructing an image

of the current frame by performing processing inverse
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to said decomposition means on the basis of the decoded
data of the subband belonging to the first group which
is generated by said generation means, and the decoded
data of the subband belonging to the second group which
is obtained by said second decoding means.
9. The apparatus according to claim 8, characterized
by further comprising, when a moving image decoding
apparatus defined in claim 8 decodes moving image data
coded by a moving image coding apparatus defined in
claim 3,

setting means for setting a predetermined number
of code data of bitplanes, of the second code data,
which ranges from a lower bitplane to an upper bitplane,
as data other than data to be decoded.
10. The apparatus according to claim 9, characterized
in that said setting means measures a time required to
reconstruct one preceding frame, and sets the number of
bitplanes as bitplanes other than bitplanes to be
decoded forxr each subband on the basis of the measured
time value.
11. A control method for a moving image decoding
apparatus which decodes moving image data coded by a
moving image coding apparatus defined in any one of
claims 1 to 4, characterized by comprising:

a separation step of separating code data of an
input frame into first code data and second code data

respectively corresponding to the first group and the
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second group:;

a first decéding step of generating decoded data
of the upper bits of a subband belonging to the first
group of a current frame on the basis of a difference
value and motion vector information with respect to the
predetermined upper bits of the subband belonging to
the first group of the current frame obtained by
decoding the separated first code data and decoded data
of the predetermined upper bits corresponding to the
first group of a preceding frame;

a second decoding‘step of decoding the second
code data;

a generation step of generating decoded data
corresponding to the first group of the current frame
by combining decoded data of lower bits of the first
group obtained in the second decoding step and decoded
data of upper bits obtained in the first decoding step;
and

a reconstruction step of reconstructing an image
of the current frame by performing processing inverse
to the decomposition step on the basis of the decoded
data of the subband belonging to the first group which
is generated in the generation step, and the decoded
data of the subband belonging to the second group which
is obtained in the second decoding step.

12, A computer program which is read and executed by

a computer to function as a moving image decoding
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apparatus which decodes moving image data coded by a
moving image coding apparatus defined in any one of
claims 1 to 4, characterized in that the computer
program functions as :

separation means for separating code data of an
input frame into first code data and second code data
respectively corresponding to the first group and the
second group;

first decoding means for generating decoded data
of the upper bits of a subband belonging to the first
group of a current frame on the basis of a difference
value and motion vector information with respect to the
predetermined upper bits of the subband belonging to
the first group of the current frame obtained by
decoding the separated first code data and decoded data
of the predetermined upper bits corresponding to the
first group of a preceding frame;

second decoding means for decoding the second
code data;

generation means for generating decoded data
corresponding to the first group of the current frame
by combining decoded data of lower bits of the first
group obtained by the second decoding means and decoded
data of upper bits obtained by the first decoding
means; and

reconstruction means for reconstructing an imége

of the current frame by performing processing inverse
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to the decomposition means on the basis of the decoded
data of the subband belonging to the first group which
is generated by the generation means, and the decoded
data of the subband belonging to the second group which
is obtained by the second decoding means.
13. A computer-readable storage medium characterized
by storing a computer program defined in claim 12.
14. A moving image coding apparatus which codes
time-series frames constituting moving image data,
characterized by comprising:

decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components;

first extraction means for extracting data of a
predetermined number of upper bits of frequency
component coefficient data constituting each subband as
motion compensation target data;

second extraction means for extracting data of a
predetermined number of lower bits of the frequency
component coefficient data constituting each subband as
non-motion compensation target data:

motion compensation means for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by said first extraction means
and decoded data corresponding to motion compensation

target data obtained when a preceding frame is coded;
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first codiﬁg means for obtaining a difference
value between predicted value information generated by
said motion compensation means and motion compensation
target data of the current frame and coding the
difference value and the motion wvector information;

second coding means for coding data of a
predetermined number of lower bits of each frequency
component coefficient data extracted by said second
extraction means; and

multiplexing means for multiplexing the code data
obtained by said firsf coding means and said second
coding means.
15. The apparatus according to claim 14,
characterized in that said decomposition means
comprises means for decomposimng a frame into a
plurality of subbands on the basis of a discrete
wavelet transformation method.
16. The apparatus according to claim 14 or 15,
characterized in that said second coding means performs
coding for each bitplane at each bit position which
represents frequency component data or for each
sub-bitplane.
17. The apparatus according to claim 16,
characterized in that said second coding means includes
selection means for selecting bits in order of a least
significant bit to an upper bit as bitplanes serving as

non-coding targets, on the basis of a generated code



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

amount, and codes bitplanes other than the bitplanes
selected by the selection means.

18. A control method for a moving image coding
apparatus which codes time-series frames constituting
moving image data, characterized by comprising:

a decomposition step of decomposing a frame into
a plurality of subbands having different frequency
components;

a first extraction step of extracting data of a
predetermined number of upper bits of frequency
component coefficient data constituting each subband as
motion compensation target data:

a second extraction step of extracting data of a
predetermined number of lower bits of the frequency
component coefficient data constituting each subband as
non-motion compensation target data;

a motion compensation step of generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted in the £irst extraction step
and decoded data corresponding to motion compensation
target data obtained when a preceding frame is coded;

a first coding step of obtaining a difference
value between predicted value information generated in
the motion compensation step and motion compensation
target data of the current frame and coding the

difference value and the motion vector information;
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a second coding step of coding data of a
Predetermined number of lower bits of each frequency
component coefficient data extracted in the second
extraction step; and

a multiplexing step of multiplexing the code data
obtained in the first coding step and the second coding
means.

19. A computer program which is read and executed by
a computer to function as a moving image coding
apparatus which codes time-series frames constituting
moving image data, characterized in that the computer
program functions as: |
decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components; )

first extraction means for extracting data of a
predetermined number of upper bits of frequency
component coefficient data constituting each subband as
motion compensation target data:

second extraction means for extracting data of a
predetermined number of lower bits of the frequency
component coefficient data constituting each subband as
non-motion compensation target data;

motion compensation means for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a

current frame extracted by the first extraction means
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and decoded data corresponding to motion compensation
target data obtained when a preceding frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
the motion compensation means and motion compensation
target data of the current frame and coding the
difference value and the motion vector information;

second coding means for coding data of a
predetermined number of lower bits of each frequency
component coefficient data extracted by the second
extraction means; and

multiplexing means for multiplexing the code data
obtained by the first coding means and the second
coding means.
20. A computer-readable storage medium characterized
by storing a computer program defined in claim 19.
21. A moving image decoding apparatus which decodes
moving image data coded by a moving image coding
apparatus defined in any one of claims 14 to 17,
characterized by comprising:

separation means for separating code data of an
input frame into first code data correspomnding to
motion compensation target data and second code data
corresponding to non-motion compensation target data;

first decoding means for generating decoded data
of upper bits of each subband in a current frame on the

basis of a difference value and motion vector
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information with respect to the predetermined upper
bits of each subband in the current frame obtained by
decoding the separated first code data and decoded data
of motion compensation data in a preceding Ef£rame;

second decoding means for decoding the second
code data;

generation means for generating frequency
component data of each subband in the current frame by
combining the decoded data of the lower bits of each
subband oﬁiained by said second decoding means and the
decoded data of the upper bits of each subband obtained
by said first decoding means; and

reconstruction means for reconstructing an image
of the current frame by performing processing inverse
to said decomposition means with respect to the
frequency component data of the subband generated by
said generation means.
22. The apparatus according to claim 21,
characterized by further comprising, when a moving
image decoding apparatus defined in claim 21 decodes
moving image data coded by a moving image coding
apparatus defined in claim 16,

setting means for setting a predetermined number
of code data of bitplanes, of the second code data,
which ranges from a lower bitplane to an upper bitplane,
as data other than data to be decoded.

23. The apparatus according to claim 22,
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characterized in that said setting means increases the
number of bitplanes which are not to be decoded with
respect to a subband in which frequency components
gradually decrease in frequency, when a time required
to reconstruct one preceding frame is measured, and a
value of the measured time is larger than a first
threshold, and decreases the number of bitplanes which
are not to be decoded with respect to a subband in
which frequency components gradually increase in
frequency, when the value of the measured time is
smaller than a second threshold.

24. A control method for a moving image decoding
apparatus which decodes moving image data coded by a
moving image coding apparatus defined in any one of
claims 14 to 17, characterized by comprising:

a separation step of separating code data of an
input frame into first code data corresponding to
motion compensation target data and second code data
corresponding to non-motion compensation target data;

a first decoding step of generating decoded data
of upper bits of each subband in a current frame on the
basis of a difference value and motion vector
information with respect to the predetermined upper
bits of each subband in the current frame obtained by
decoding the separated first code data and decoded data
of motion compensation data in a preceding frame:

a second decoding step of decoding the second

PCT/JP2005/004851
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code data;

a generation step of generating frequency
component data of each subband in the current frame by
combining the decoded data of the lower bits of each
subband obtained in the second decoding step and the
decoded data of the upper bits of each subband obtained
in the first decoding step:; and

a reconstruction step of reconstructing an image
of the current frame by performing processing inverse
to the decomposition step with respect to the frequency
component data of the subband generated in the
generation step.

25. A computer program which is read and executed by
a computer to function as a moving image decoding
apparatus which decodes moving image data coded by a
moving image coding apparatus defined in any one of
claims 14 to 17, characterized in that the computer
program functions as:

separation means for separating code data of an
input frame into first code data corresponding to
motion compensation target data and second code data
corresponding to non-motion compensation target data:;

first decoding means for generating decoded data
of upper bits of each subband in a current frame on the
basis of a difference value and motion vector
information with respect to the predetermined upper

bits of each subband in the current frame obtained by
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decoding the separated first code data and decoded data
of motion compensation data in a preceding frame;

second decoding means for decoding the second
code data;

generation means for generating frequency
component data of each subband in the current frame by
combining the decoded data of the lower bits of each
subband obtained by the second decoding meéns and the
decoded data of the upper bits of each subband obtained
by the first decoding means; and

reconstruction means for reconstructing an image
of the current frame by performing processing inverse
to the decomposition means with respect td the
frequency component data of the subband generated by
the generation means.
26. A computer-readable storage medium characterized
by storing a computer program defined in claim 25.
27. A moving image coding apparatus which codes
time-series frames constituting moving image data,
characterized by comprising:

discrete wavelet transformation means for
obtaining information of a plurality of subbands by
performing discrete wavelet transformation for a frame;

inter-frame coding means for performing motion
compensation coding for a first group comprising
subbands of low—frequency components from said discrete

wavelet transformation means on the basis of decoded
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data of each subband included in the first group when a
bPreceding frame is coded;

intra-frame coding means for performing ceding
within a current frame with respect to a second group
comprising subbands of high-frequency components higher
in frequency than the low-frequemcy components; and

multiplexing means for multiplexing code data
coded by said inter-frame coding means and said
intra-frame coding means.

28. A moving image coding method of éoding
time-series frames constituting moving image data,
characterized by comprising:

a discrete wavelet transfoxmation step of
obtaining information of a plurallity of subbands by
performing discrete wavelet transformation for a frame;

an inter-frame coding step of performing motion
compensation coding for a first group comprising
subbands of low-frequency components from the discrete
wavelet transformation step on the basis of decoded
data of each subband included in the first group when a
preceding frame is coded;

an intra-frame coding step of performing coding
within a current frame with respect to a second group
comprising subbands of high-frequency components higher
in frequency than the low-frequemxmcy components; and

a multiplexing step of mul¥iplexing code data

coded in the inter-frame coding step and the
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intra-frame coding means.
29; A moving image decoding apparatus which decodes
code data obtained by a moving image coding method
defined in claim 28, characterized by comprising:
separation means for separating input code data
into inter-frame code data and intra-frame code data;
inter-frame decoding means for generating data of
a subband of a low-frequency component by decoding the
separated inter-frame code data with motion
compensation;
intra-frame decoding means for generating data of
a subband of a frequency component higher in frequency
than the low-frequency component by intra-frame-coding
the separated intra-frame code data; and
reconstruction means for reconstructing an image

of a current frame by performing inverse discrete

‘ wavelet transformation for the data of the subbands

obtained by said inter-frame decoding means and said
intra-frame decoding means.
30. A moving image decoding method of decoding code
data obtained by a moving image coding method defined
in claim 28, characterized by comprising:
a separation step of separating input code data
into inter-frame code data and intra-frame code data;
an inter-frame decoding step of generating data
of a subband of a low-fréquency component by decoding

the separated inter-frame code data with motion



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

- 83 -~

compensation;

an intra-frame decoding step of generating data
of a subband of a frequency component higher in-
frequency than the low-frequency component by
intra-frame-coding the separated intra-frame code data;
and

a reconstruction step of réconstructing an image
of a current frame by performing inverse discrete
wavelet transformation for the data of the subbands
obtained in the inter-frame decoding step and the
intra-frame decoding step.
31. A moving image coding apparatus which codes
time-series frames constituting moving image data,
characterized by comprising:

decomposition means for decomposing a frame into
a plurality of subbands having different frequency
components;

first extraction means for, with a threshold set
for each subband being represented by TB, extracting
data of upper bits as motion compensation target data
which excludes lower TB bits of frequency component
coefficient data constituting each subband;

second extraction means for extracting data of
lower TB bits of the frequency component coefficient
data constituting each subband as non-motion
compensation target data;

motion compensation means for generating motion
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vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by said first extraction means
and decoded data corresponding to the motion
compensation target data obtained when a preceding
frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
said motion compensation means and the motion
compensation target data in the current frame and
coding the difference value and the motion wvector
information;

second coding means for coding data of the lower
TB bits of each frequency component coefficient data
extracted by said second extraction means; and

multiplexing means for multiplexing code data
obtained by said first coding means and said second
coding means.
32. The apparatus according to claim 31,
characterized in that said decomposition means
comprises means for decomposing a frame into a
plurality of subbands on the basis of a discrete
wavelet transformation method.
33. The apparatus according to claim 31 or 32,
characterized in that said second coding means performs
coding for each bitplane at each bit position which

represents frequency component data or for each



WO 2005/088977 PCT/JP2005/004851

10

15

20

25

- 85 -

sub-bitplane.

34. The apparatus according té claim 33,
characterized in that said second coding means includes
selection means for selecting bits from a least
significant bit to an upper bit as bitplanes serving as
non-coding targets, on the basis of a generated code
amount, and codes bitplanes other than the bitplanes
selected by the selection means.

35. The apparatus according to any one of claims 31
to 34, characterized in that the threshold TB set for
each subband is 0 for subbands of low-frequency
components.

36. A control method for a moving image coding
apparatus which codes time-series frames constituting
moving image data, characterized by comprising:

a decomposition step of decomposing a frame into
a plurality of subbands having different £frequency
components;

a first extraction step of, with a threshold set
for each subband being represented by TB, extracting
data of upper bits as motion compensation target data
which excludes lower TB bits of frequency component
coefficient data constituting each subband;

a second extraction step of extracting data of
lower TB bits of the frequency component coefficient
data constituting each subband as non-motion

compensation target data;
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motion compensation means £for generating motion
vector information and predicted value information on
the basis of motion compensation target data of-a
current frame extracted in the <£first extraction step
and decoded data corresponding to the motion
compensation target data obtained when a preceding
frame is coded;

a first coding step of ob taining a difference
value between predicted value information generated in
the motion compensation step and the motion
compensation target data in the current frame and
coding the difference value and the motion wvector
information;

a second coding step of coding daté of the lower
TB bits of each frequency component coefficient data
extracted in thé second extract ion step; and

a multiplexing step of multiplexing code data
obtained in the first coding st ep and the second coding
step.

37. A computer program which is read and executed by
a computer to function as a moving image coding
apparatus which codes time-series frames constituting
moving image data, characterize d in that the computer
program functions as:

decomposition means for decomposing a frame into
a plurality of subbands‘having different frequency

components;
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first extraction means for, with a threshold set
for each subband being repfesented by TB, extracting
data of upper bits as motion compensation target data
which excludes lower TB bits of frequency component
coefficient data constituting each subband;

second extraction means for extracting data of
lower TB bits of the frequency component coefficient
data constituting each subband as non-motion
compensation target data;

motion compensation means for generating motion
vector information and predicted value information on
the basis of motion compensation target data of a
current frame extracted by the first extraction means
and decoded data corresponding to the motion
compensation target data obtained when a preceding
frame is coded;

first coding means for obtaining a difference
value between predicted value information generated by
the motion compensation means and the motion
compensation target data in the current frame and
coding the difference value and the motion vector
information;

second coding means for coding data of the lower
TB bits of each frequency component coefficient data
extracted by the second extraction means; and

multiplexing means for multiplexing code data

obtained by the first coding means and the second

PCT/JP2005/004851
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38. A computer-readable storage medium characterized
by storing a computer program defined in claim 37.
39. A moving image decoding apparatus which decodes
moving image data coded by a moving image coding
apparatus defined in any one of claims 31 to 35,
characterized by comprising:

separation means for separating code data of an
input frame into first code data corresponding to
motion compensation target data and second code data
corresponding to non-motion compensation target data;

first decoding means for generating decoded data
of upper bits of each subband in a current frame on the
basis of a difference value and motion vector
information with respect to data of the upper bits of
each subband in the current frame obtained by decoding
the separated first code data and decoded data of
motion compensation data in a preceding frame;

second decoding means for decoding the second
code data;

generation means for generating frequency
component data of each subband in the current frame by
combining the decoded data of the lower bits of each
subband obtained by said second decoding means and the
decoded data of the upper bits of each subband obtained
by said first decoding means; and

reconstruction means for reconstructing an image
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of the current frame by performing processing inverse
to said decomposition means for the frequency component
data of the subband generated by said generation means.
40. The apparatus according to claim 39,
characterized by further comprising, when a moving
image decoding apparatus defined in claim 39 decodes
moving image data coded by a.moving image coding
apparatus defined in claim 33,

setting means for setting a predetermined number
of code data of bitplanes, of the second code data,
which ranges from a lower bitplane to an upper bitplane,
as data other than data to be decoded.
41. The apparatus according to claim 40,
characterized in that said setting means increases the
number of bitplanes which are not to be decoded with
respect to a subband in which frequency components
gradually decrease in freguency, when a time required
to reconstruct one preceding frame is measured, and a
value of the measured time is larger than a first
threshold, and decreases the number of bitplanes which
are not to be decoded with respect to a subband in
which frequency components gradually increase in
frequency, when the value of the measured time is
smaller than a second threshold.
42. A control method for a moving image decoding
apparatus which decodes moving image data coded by a

moving image coding apparatus defined in any one of
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claims 31 to 35, characterized by comprising:

a separation step of separating code data of an
input frame into first code data corresponding to
motion compensation target data and second code data
corresponding to non-motion compensation target data;

a first decoding step of generating decoded data
of upper bits of each subband in a curxent frame on the
basis of a difference value and motion wvector
information with respect to data of the upper bits of
each subband in the current frame obtained by decoding
the separated first code data and decoded data of
motion compensation data in a preceding frame;

a second decoding step of decoding the second
code data;

a generation step of generating frequency
component data of each subband in the current frame by
combining the decoded data of the lowexr bits of each
subband obtained in the second decoding step and the
decoded data of the upper bits of each subband obtained
in the first decoding step; and

a reconstruction step of reconstructing an image
of the current frame by performing processing inverse
to the decomposition step for the frequency component
data of the subband generated in the generation step.
43. A computer program which is read and executed by
a computer to function as a moving image decoding

apparatus which decodes moving image data coded by a
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moving image coding apparatus defined in any one of
claims 31 to 35, characterized in that the computer
program functions as:

separation means for separating code data of an
input frame into first égde data corresponding to
motion compensation target data and second code data
corresponding to non-motion compensation target data;

first decoding means for generating decoded data
of upper bits of each subband in a current frame on the
basis of a difference value and motion wector
information with respect to data of the upper bits of
each subband in the current frame obtained by decoding
the separated first code data and decoded data of
motion compensation data in a preceding frame;

second decoding means for decoding the second
code data;

generation means for generating frequency
component data of each subband in the current frame by
combining the decoded data of the lower bits of each
subband obtained by the second decoding means and the
decoded data of the upper bits of each subband obtained
by the first decoding means; and

reconstruction means for reconstructing an image
of the current frame by performing processing inverse
to the decomposition means for the frequency component
data of the subband generated by the generation means.

44. A computer-readable storage medium characterized
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by storing a computer program defined in claim 43.
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FIG. 3
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FIG. 5
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FIG. 12
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FIG. 14

( START )

Y
 PERFORM INITIALIZATION ~ 51400

o
P

Y
READ FRAME DATA ~ S1401

Y
- PERFORM DISCRETE WAVELET TRANSFORMATION [~ S1402

Y
CODE SUBBAND LL ~ S1 403

Y
CODE OTHER SUBBANDS ~ 51404

Y
FORM FRAME CODE DATA ~ 51405




PCT/JP2005/004851

WO 2005/088977

15/25

/ L
/ /
¥1Yd 3002 v1va Viva viva é%,_w mmo NOILYWHOSNI
(9s7) Lig 3009 1ig 3009 Lig 3009 1ig INVOIINDIS anvesans
1SHI4 aNoo3s QHIHL HLHNO4 L TYNOILIQQY
LSO y
17
/ [
777
S,Am%.moo v1v¥a 3000 Lia|viva3aoo L]  Kx 7N zﬂn«ﬁmmmz_
119 1SuI4 HL(Z - aL) HL(+- L) VY3000 | unoiliady ’
11 a
. s/ Vv
ZHH ZH1 ZH LHH LHT FTH T NOILYWHOANI
ONVEANS 40 | ANVEENS 40 | ANYEEANS 40 | ANVEENS 40 | ANVEENS 40 | anvaans 40 | anveans4o | awvds
vlva3do0 | vLvG3aod | Yiv¥d3aod | viva34od | viva3aoo | viva3aoos | viva3Iaod | JvNowlgay
L L /L 7
ozt 6LL £ 4 ! \\ \\ \
JNVHA 40 INVH4 40 JWVHL 40 JNVYH4 40 JNvYE 40
v1va 3d0? ¥1vd3000 v1vd3doo v1va3doo v1vad 3a09 \ \\
BN

SLOI14d




PCT/JP2005/004851

WO 2005/088977

16/25

1

FTH

IH1

FHH

¢H

¢H1

b

¢HH

(as)an
INNOD INVILIE DNIGODIA-NON

ds
anveans

. X34NI

91 ©OI14d




WO 2005/088977

17/25

PCT/JP2005/004851

( START )
Y
SI=0, AT=0 ~ S1101
Y
INITIALIZE ND() TO 0 ~— S1102
SET NON-DECODING BITPLANE COUNT ~ S1103
Y
DECODE ONE FRAME ~— S$1104
Y
ACQUIRE DECODING TIME Dt ~— S1105
\
AT+=T-Dt — S$1106
Y
UPDATE ND(SI) TABLE AND Sl ~ S$1107




WO 2005/088977 PCT/JP2005/004851

18/25

YES 51809
ADD 1TO ND(SI) YES 51804
y _-S1810 5I=6
Sl+=1 S1805~  ¢*
SUBTRACT 1 FROM ND(S|)

YES 51807
ND(SI)=0, SI=0

Y

v
\

END



WO 2005/088977

19/25

FIG. 19

PCT/JP2005/004851

SUBBAND INDEX SUBBAND
Sl S
0 HH2
1 LH2
2 HL2
3 HH1
4 LH1
5 HL1
6 LL




PCT/JP2005/004851

WO 2005/088977

20/25

1INN

2006~ oy
Y
LINN 1INN 1INN 1N 1NN 1INN
WS NS ) Y e o] U s
M } m ) ) M
9006 G006 7006 €006 c006 1006

0c Old




PCT/JP2005/004851

WO 2005/088977

21/25

1INN 1INN 1NN 1INN 1INN 1INN
ONINIGWOD IMd ~INOILYZILNYNDIa ™ ONIQOO3d NMOQ-ONNOY [~ ONIZATYNY
L ISHIANI AdOYINT ANVIdLIg 3009
f J } w m }
G206 Y206 €206 ¢c06 Lc06 0206

¢ Ol4d




PCT/JP2005/004851

WO 2005/088977

22/25

Fﬁom

1INN
NOLLYS

‘NIdWNOD
NOILOW

LINN

| Adowaw
0+06 INvHd
!
LINN
6806~ noluaay
1
1IN
806 — 10d
3SHIANI
!
1INN
/606~ NOILYZ
- INVNO3a
A
1INN 1IN
ONINHOA ONIQ0D |~
300D AJOHINT
s v
9¢06 Ggeo6

NOILYZIINVYNO

LINN
19d

1INN

VILN3H3441d

)
€06

¢¢ Ol4

)
£e06

5
¢e06

LINN
NOILYL
ENRER]
%0074

5
LE06




PCT/JP2005/004851

WO 2005/088977

23/25

1INN
1Nd1no
v1lvd3daod

)
gl

1INA 1INA
ONIC0D NOILO313a |
HOLO3A HOLOAA |™
NOILOW Noow [ 401
mm: L i
NOnYS HO
| Nowvs || Adomaw | _
90+~ -N3dwoD T SOt
NOILOW
A
LINN 1INN €0}
ONIXTTd ONId0D (—-
1NN INIDI44300
§
b0l 2082
. L1INN
Y Eﬂm@_m ONITTOH ;
e ONGING TINA NOILYIN
1NN . LINA LNdNI
Oz %ﬂm -~ INOILVZILNYND [~ m%mm\a«nh INEL
SIS, | [ INGioid00| | 2EAYM ONIAOW
; ; s ; ;
b0EZ oLl 20/ 102 001

€ Old




WO 2005/088977

PCT/JP2005/004851

24/25
FIG. 24
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