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A moving picture coding apparatus includes (1) an inter-pixel filter (114) having the following filters for filtering decoded image data
so as to remove block distortion which is high frequency noise around block boundaries: a filter A114a, a filter B114b, a filter
C114c, a filter D114d, each having a different filtering strength, and (ii) a filter processing control unit (110) for determining a

filtering strength of the inter-pixel filter (114).
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ABSTRACT .
_ A moving picture coding apparatus includes‘( | ) an inter-pixe_l
filter (114) having the following filters for filtering decoded image
data so as to remove block distortion which is high frequency nOise
around block boundaries: a filter Al114a, a filter B114b, a filter
Ci14c, a filter D114d, each having a different filtering strength, and
(ii ) a filter processing control unit (110) for determining a filtering '

“strength of the inter-pixel filter (114).
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DESCRIPTION
FILTERING STRENGTH DETERMINATION METHOD, MOVING PICTURE
CODING METHOD AND MOVING PICTURE DECODING METHOD

Technical Field
The present invention relates to a filtering strength
determination method for determining a strength of filtering {o
remove inter-block coding distortion, as well as to a moving picture
coding method and a moving picture decoding method for applying
filtering with a determined strength so as to code/decode a moving
picture. .

Background Art

' A filter is used in video compression technique usually to
improve picture quality as well as compression ratio. Blocky
artifacts uéually oCccur a’t decoded pictures of a low bit rate video
compression due to quantization noise as well as motion
compensation. One of the tasks of a filter is to smoothen the
boundaries of blocks in the decoded pictures so that these blocky
artifacts are reduced or removed. ‘

Some video compression techniques, for example like the
committee draft of ISO/IEC 14496-2 Part 10 which is under
development, use loop filter to improve the compression of moving
pictures (See Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T
VCEG Joint Committee Draft 2002-05-10, JVT-C167 9.5 Deblo'cking
Filter, as an example). Loop filter is applied to both reference and

non-reference pictures to improve the picture quality of the decoded
pictures.

Fig.1 shows the decision 'algorithm used in the committee

draft of ISO/IEC 14496-2 Part 10 to select the strength of the filter
to be used.

The decision is performed at the block boundary of two
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neighboring blocks p and q. First, a determination is performed on
the blocks p and q if one of them is intra-coded or not (Step S102).
If one of the blocks p and q is intra-coded (Yes in Step S102), a
check is performed to see if the block boundary falls on a macroblock
boundary (Step S103). If the result of the check shows that the
block boundary falls on the macroblock boundary, that is, if the two
blocks are not from the same macroblock, thestrongest strength
(Bs=4) will be selected (Yes in Step $103). If the result of the
check shows that the block boundary does not fall on the macroblock
boundary, that is, if these two blocks are from the same macroblock,
the second strongest strength (Bs=3) will be selected (No in Step
S103). . -

- If the result of the check (Step S102) shows that both the
blocks p and q are not intra-coded (No in Step $102), a check is then
performed to see if any of the two blocks contain coefficients
indicating spatial frequency components resulted from orthogonal
transform (Step 51_04). If one of these two blocks contains
coefficients ‘(Yes in Step S104), the third strongest strength (Bs=2)
will be selected. If neither of the two blocks contains coefficients,
that is, if coefficients are not coded in both blocks p and q (No in
Step S104), a decision will be made as follows to see if filtering is to
be skipped or not (Step S105). ‘

The reference picture index numbers for both blocks p and q,
Ref(p) and Ref(q), will be checked to see if they are the same.
Furthermore, vertical components (V(p,y) and (V(q,Y)) and
horizontal components (V(p,x) and (V(q,x)) of the motion vectors 'of
the two blocks will also be compared with one another to see if there
is a difference of less than one pixel. Only when the results of the
above two checks show that the two blocks’ referé_nce picture index
numbers are the same and their vertical and horizontal motion
vectors are less than one pixel apért (No in Step S105), filtering of
the boundary between these two blocks shall be skipped. In all
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other cases (Yes in Step S105), a weak filtering (Bs=1) shall be
performed on the block boundary.

However, the decision algorithm in the prior art does not
sufficiently cover all possible cases for blocks in a predictive-coded |
picture referring to two piCtures. The reason is because
macroblocks in a predictive-coded picture referring to two pictures
can be predicted using direct, forward, backward modes, and a
mode in which two pictures are referred to. These predic'tion\
modes have not been considered in the decision algorithm of the
prior art. Similarly, in the case where one block uses direct mode
and the other block uses a mode in which two pictures are referred
to, motion vectors to be used for comparison have not been
sufficiently described in the prior art. ' '

Disclosure of Invention | |
The present invention has been conceived in view of the

above problem, and it is an object of the present invention to
provide a filtering strength determination method, as well as a

~moving picture coding method and a moving picture decoding

method for determining an optimum filtering strength even when
prediction coding employing two reference pictures is employed.
In order to achieve the above object, the'filtering strength
determination method according to the present invention is a
filtering strength determination method for determining a strength
of filtering to remove coding distortion between blocks that
constitute a picture, comprising: a parameter obtainment step of
obtaining parameters that are coding information regarding a coded
current block and a coded neighboring block adjacent to said current
block; a comparison step' of making a comparison between the

parameters of the current block and the neighboring block, when a

picture including said current block and said neighboring block is a
picture employing inter picture prediction coding using two
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reference pictures; and a determination step of determining a
filtering strength, based on a comparison result obtained in the

- comparison step.
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‘Here, the parameters may include coding mode information of
the current block and the neighboring block, the comparison step-
may include a picture number judgment step of judging whether the '
number of reference pictures referred to by the current block and
the number of reference pictures referred to by the neighboring
block are the same or not, based on the respective coding mode
information of the current block and the neighboring block, and the
filtering strength which differs depending on a judgment result

obtained in the picture number judgment step may be determined in

the determination step.

Furthermore, the parameters may further include referencé
indices for uniquely identifying reference pictures, the comparison
step may further include a reference picture judgnﬁent 'step of
judging whether or not the current block and the neighboring block
refer to a same reference picture, based on the respective reference
indices of the current block and the neighboring block, and the
filtering strength which differs depending on a judgment result
obtained in the reference picture judgment step may be determined
in the determination step. ' ,

Moreover, the parameters may include motion vectors with

‘respect to a reference picture, the comparison step may further

include a motion vector judgment step of judging whether or not at
least one of the following differences is a predetermined value or

‘larger, based on the motion vectors included in the current block and

the neighboring block: a difference between a horizontal component
of an arbitrary one of the motion vectors of the current block and a
horizontal component of an arbitrary one of the motion Vectors of
the neighboring block; and a difference between a vertical
component of an arbitrary one of the motion vectors of the current
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block and a vertical component of an arbitrary one of the motion
vectors of the neighboring block, and the filtering strength which
differs depending on a judgment result obtained in the motion
vector judgment step may be determined in the determination step.

Accordingly, it becomes possible to sufficiently cover all
possible cases for blocks in a predictive-coded picture referring to

- two pictures and to determine, in an optimum manner, a strength of

a filter for removing block distortion (coding distortion between
blocks) by filtering‘ decoded image data so as to remove hi'gh
frequency noise around block boundaries, even when prediction
coding in which two pictures are referred to is employed. Mo'reover,
this filtering strength determination method is applicable to both a
moving picture coding apparatus and a moving piCtur'e decoding
apparatus. '
Also, the filtering strength determination method according
to the present invention is a filtering strength determination method
for dete‘i’mini'ng' a strength of fiitering to remove coding distortion
between blocks that constitute a picture, comprising: a parameter

. obtainment step of obtaining a picture type of a picture that includes

a coded current block and a coded neighboring block adjacent to
said current block; and a determination step of determining a
stronger filtering strength than in a case where the picture type
obtained in the parameter obtainment step ihdicates inter picture
prediction coding using one reference picture, when said picture
type indicates inter picture prediction coding using two reference
pictures. .

Accordingly, it becomes possible to defermine, in an optimum
manner, a strength of a filter for removing block distortion (coding
distortion between blocks) by filtering decoded image data so as to

remove high frequency noise around block boundaries, even when

prediction coding in which two pictures are referred to is em'ployed
as in the above case. Moreover, this filtering strength
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determination method is applicable to both a moving picture coding
apparatus and a moving picture decoding apparatus. .

Furthermore, a moving picture coding method according to
the present invention is a moving picture coding method for coding
pictures making up a moving picture on a block-—-by-—blOck ba'sis,
comprising: a filtering step of applying filtering on a boundary
between the current block and the neighboring block by the use of a
filtering strength determined uSing the filtering strength
determination method according to the present invention. '

Furthermore, a moving picture decoding method according to
the present invention is a moving picture decoding method for
decoding a coded moving picture in which pictures making up the
moving picture have been coded on a block-by-biock basis,
comprising: a filtering step' of applying filtering on a boundary
between the current block and the heighboringblock by the use of a
filtering strength determined using the filter'ihg 'stren'gth'
determination method according to the present invention.

Note that the present invention can be realized not only as a
filtering strength determination method, a moving picture coding
method and a moving picture decoding method as described above,
but also as a filtering strength determination appa.ratus, a moving
picture coding apparatus and a moving picture decoding apparatus
that have, as their steps, the characteristic steps included in the
above filtering strength determination method, moving picture
coding method and moving picture decoding method, as well as
realized as a program that causes a computer to execute such steps.
And it should be noted that such program can be distributed via

recording media including CD-ROM and the like, and transmission
media including the Internet and the like.

Brief Description of Drawings .
Fig.1 is a flowchart showing an existing filtering strength
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determination method.

Fig.2 is a block diagram showing a configuration of a moving
picture coding apparatus according to the present invention.

Fig.3 is a diagram explaining a picture order in a picture
memory, wherein Fig.3A shows an order in which pictures are
inputte'd and Fig.3B shows an order after the pictures are reordered.

Fig.4 is a diagram explaining pictures .and reference indices. .

Fig'.5 is a diagram explaining motion vectors in direct mode.

Fig.6 is a flowchart showing a filtering strength determination
method in a filter processing control unit according to the first
embodiment. | |

Fig.7 is a block diagram showing a configuration of a moving
picture decoding apparatus according to the present invention.

Fig.8 is a flowchart showing a filtering strength determination
method in a filter processing control unit according to the second
embodiment. '

' 'Fig.9 is a diagram explaining a flexible disk which stores a
moving picture coding method or a moving picture decoding method
of the first and the second embodiments. Fig.9A illuStra‘tes an
example physical format of the flexible disk as a recording medium
itself. Fig.9B shows an external view of the flexible disk viewed
from the front, a schematic cross-sectional view and the flexible disk,
while Fig.9C shows a structure for recording and reading out the
program on and from the flexible disk FD. '

Fi’g.lOis a block diagram showing an overall configuration of
é content s'upply system for realizing a content distribution service.

Fig.11 is a diagram showing an example of a cell phone.

Fig.12 is a block diagram showing a configuration' of the cell
phone.

Fig.13 is a diagram showing an example digital broadcasting
system. ' ) ' '
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Best Mode for Carrying Out the Invention
The following explains embodiments of the present invention

.with reference to the figures.

_ Fig.2 is a block diagram showing the configuration of a
moving picture coding apparatus that employs a filtering strength
determination method according to the present invention. '

As shown in Fig.2, this moving picture coding apparatus,
which performs compression coding on an'input moving picture and
outp'uts it as a bit stream, is comprised of a picture memory 101, a
difference calculation unit‘102, a prediction residual coding unit 103,
a bit stream generation unit 104, a prediction residual decoding unit
105, an adder 106, a motion vector estimation unit 107, a motion
vector storage unit 108, a motion compensation coding unit 109, a
filter processing control unit 110, a picture memory 111, switches
112 and 113, and an inter-pixel filter 114 ‘ '

The picture memory 101 stores a moving picture which has
been inputted in display order on a picture-by-picture basis.
“Picture” here means a unit of'coding so-called screen which
includes a frame and fields. The motion vector estimation unit 107,
using as a reference picture a picture which has been coded and

decoded, estimates a motion vector indicating a position deemed

most appropriate in a search area within the picture on a
block-by-block basis. Furthermore, the motion vector estimation
unit 107 nOti’fies the estimated motion vector to the motion
compensation coding unit 109 and the motion vector storage unit
108.

The motion compensation coding unit 109 determines, using
the motion vector estimated by the motion vector estimation unit

107, a coding mode used for coding a block, and generates

predictive image data on the basis of such coding mode. A coding
mode, which is indicative of a method to be used for coding a
macroblock, indicates which one of non-intra picture coding (motion
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compensated coding) and intra picture coding and the like should be
performed on a macroblock. For example, when there is a weak
correlation between pictures and therefore intra picture coding is
more suitable than motion prediction, intra picture coding shall be
selected. Such selected coding mode is notified to the filter control
unit 110. The motion vector and the coding mode are notified from
the motion compensation codi'ng unit 109 to the bit stream
generation unit 104. The motion vector storage unit 108 stores the
motion vector estimated by the motion vector estimation unit 107,

‘The difference calculation unit 102 calculates the difference
between a pictUre read out from the picture memory 101 and the
predictive Image data inputted by the motion compensation coding
unit 109 so as to generate prediction residual image data. The
prediction residual coding unit 103 performs coding processing such
as orthogonal transform and quantization on the input prediction
residual image data, and gen‘er"a‘t’es coded data. The bit stream
generation unit 104 performs variable length coding and other
processing on the coded data generated by the prediction residual

- coding unit 103, and generates a bit stream after adding, to such

coded data, 'moztion vector information and coding mode information
and the like inputted by the motion compensation coding unit 109.

, The prediction residual decoding unit 105 performs decoding
prdcessi'ng such as inverse quantization and inverse orthogonal
transform on the coded data so as to generate decoded differential'
image data. The adder 106 adds the decoded differential image
data inputted by the prediction residual decoding unit 105 to the
predictive image data inputted by the motion compensation coding
unit 109 so as to generate decoded image data. The picture
memory 111 stores the decoded image data to which filtering has

been applied.

The filter processing control unit 110 selects a filtering
strength of the inter-pixel filter 114 according to the input motion

-9.
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vector information and the Coding mode information, i.é., selects
which one of the following should be used: a filter A114a; a filter
B114b; a filter C114c; a filter D114d; and no-filtering (skip), and
controls the switch 112 and the switch 113. The switch 112 and the
switch 113 are switches which selectively connect to one of their
respective terminals “1”~"“5” under the control of the filter
processing control unit 110. The switch 113 is placed between the
output terminal of the adder 106 and the input terminal of the
inter-pixel filter 114, Meanwhile, the switch 112 is placed between
the input terminal of the picture memdry 111 and the output

- terminal of the inter-pixel filter 114.

The inter-pixel filter 114 which is a deblocklng filter that
filters decoded image data so as to remove block distortion which is

high frequency noise around block boundaries, has the filter Al14a,

the filter B114b, the filter C114c the filter D114d, each havmg a
different filtering strength. Of these filters, the filter All4a is
intended for the strongest filtering, the filter B114b for the second
strongest, the filter C114c for the third strongest, and the filter
D114d for the weakest filtering.  Meanwhile, the amount of
operation processing required for filtering depends on a filtering
strength. Note that the switch 112, the switch 113 and other
components illustrated in the diagram may be implemented either
as hardware or software. o ‘
Fig.3 is a diagram explaining a picture order in the picture
memory 101, wherein Fig.3A shows the order in which pictures are
inputted and Fig.3B shows the order after the pictures are reordered.

In Fig.3, vertical lines denote pictures, alphabets described in the

lower right of the respective pictures denote picture types (I, P, or B),

and numeric values subsequent to the alphabets denote picture '
numbers indicating the display order. ' Also, a P picture uses, as a
reference picture, a forward I or P picture located in a close position
in display order, while a B picture uses, as reference pictures, a

-10 -
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forward I or P picture located in a close position in display order, and
a single backward I or P picture located in a close position in display
order. |

Fig.4 is a diagram explaining pictures and reference indices.
“Reference indices”, which are used to uniquely identify reference
pictures stored in the picture memory 111, indicate numbers
associated with each picture as shown in Fig.4. The reference
indices are also used to designate reference pictures to be used at
the time of codihg blocks by means of inter picture prediction.

As values of the first reference index, with respect to a
current picture to be _coded, "0” is assigned to a forward reference
picture which is closest to the current picture in display order, and
values startihg from 1" are aSsigned to the other forward reference
pictures. After values starting from “0” are assigned to all the
forward reference pictures, the subsequent values are assigned to
backward reference pictures, stafting with ‘a backward reference
picture which is closest to the current picture. _

As values of the second reference index, with respect to the
current picture, "0" is assigned to a backward reference picture
which is closest to the current picture in display order, and values

starting from “1” are aSSigned to the other backward reference

pictures. After values starting from “0” are assigned to all the
backward reference pictures, the subsequent values are assigned'to '
forward reference pictures, starting with a forward reference picture
which is closest to the current picture. ' | '

For example, when the first reference index Ridx1 is “0” and
the second reference index Ridx2 is “1” in Fig.4, the forward
reference picture is a B picture whose picture number isf7, and the
backward reference picture is a P picture whose picture number is 9.

"Picture number” here is a number indicating the display order.

Note that a method for assigning reference indices shown in Fig.3 is

just an example method and therefore that another method is also
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appllcable

Next, an explanation is given of the operation of the movmg
picture coding apparatus with the above configuration.

As illustrated in Fig.3A, input picture data is inputted to the
picture memory 101 in display order on a‘picture-by-picture basis.
As shown in Fig.3B, for example, the pictures inputted in the picture
memory 101, after being determined their picture types for coding,
will be sorted into an order 'in_ which coding shall be.pérformed,
This reordering into the order of picture coding is performed on the
basis of a “reference relationship” among the pictures at the time of
inter picture prediction coding. More specifically, 'reorderihg IS
performed in a manner in which a picture to be used as a reference
picture comes before a picture which will use said picture as a
reference picture so that the picture servmg as a reference picture
shall be coded before the picture that will use said picture as a
reference picture. Note that as a method for determining plcture‘
types, a method in which picture types are periodically determined,
for example is usually employed

The plctures reordered in the picture memory 101 are then
read out on a macroblock basis. A macroblock is a group of pixels
in the size of horizontal 16 x vertical 16, for example. '-Meanwhile, '
motion compensation and th\e' extraction of a motion vector are
performed for each block which is a group of pixels in the size of
horizontal 8 x vertical 8, for example. .

A current macroblock read out from the plcture memory 101
is inputted to the motion vector estimation unit 107 and the

~difference calculation unit 102.

The motion vector estimation unit 107 performs vector
estimation for each block in the macroblock, using the decoded
image data stored in the picture memory 111 as a reference picture.
Then, the motion vector estimation unit 107 outputs, to the motion
compensation coding unit 109, the estimated motion vector and the
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reference index indicating a reference picture.
The motion compensation coding unit 109 determines a
coding mode to be used for the macroblock, utilizing the estimated

motion vector and the reference index from the motion vector

estimation unit 107. Here, in a case of a B picture, for example,
one of the following methods shall be selectable as a coding mode:
intra picture coding; inter-picture prediction coding using a forward
motion vector; inter-picture prediction coding using a backward \
motion vector; inter-picture prediction coding using two motion
vectors; and direct mode. . '
Referring to Fig.5, an explanation is given of an inter picture
predic‘tion method in direct mode. Fig.5, which is a diagram
explaining motion vectors in direct mode, illustrates a case where a
block a in a picture B8 is coded in direct mode. In this casé, a
motion vector c of a block b, which is co-located with the block a, in
a picture P9 that is a backward r_eference' picture of the picture BS.
This motion vector ¢, which is a motion vector used at the time of
coding the block b, refers to a picture P5. Motion compensation is

- performed on the block a with reference to the picture P5 and the

picture P9, using (i ) a motion vector d, which is obtained by scaling
the motion vector c, of the picture P5 that is a forward reference
picture, and (ii ) a motion vector e of the picture P9 that is a
backward reference picture. '

The motion compensation coding unit 109 generates
predictive image data according to the above-determined coding
mode, ‘and outputs such predictive image data to the difference
caltulation unit 102 and the adder 106. Note that since a motion
vector of a block, which is co-located with a current block, in a
backward reference picture is used as a reférence motion vector as
described above when the motion compensation coding unit 109
selects direct mode, such reference motion vector and its reference
index are read out from the motion vector storage unit 108. Also
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note that when the motion compensation coding unit 109 selects
intra picture coding, no predictive image data is outputted.
Furthermore, the motion compensation coding unit 109 outputs the
determined coding modes, the motion vector and réference index
information to the filter processing control unit 110 and the bit
stream generation unit 104, and outputs reference index values

‘indicating reference pictures to the filter processing control unit

110.

The difference calculation unit 102, which has received the
predictive image data from the motion compensation coding unit
109, calculates the difference between such predictive image data
and image data corresponding 'to a macroblock of the picture B11
read out from the picture memory 101 so as to generate prediction
residual image data, and outputs it to the prediction residual coding
unit 103. ' |
| The prediction residual coding unit 103, which has r‘ece'ii/-ed
the prediction residual image data, performs coding protessing such
as orthogonal transform and quantization on such prediction
residual image data so as to génerate coded data, and OUtpl-.ltS\it to
the bit stream generation unit 104 and the prediction residual
decoding unit 105. The bit stream generation unit 104,'which'has
received the coded data, performs variable length coding and the
like on such coded data and adds, to such input coded data, the
motion vector information, the coding mode information and th'e like
inputted by the motion compensation coding unit 109 so as to
generate and output a bit stream. Note that when macroblocks are
coded in direct mode, motion vector information is not to be added
to a bit stream. " |

The prediction residual decoding unit 105 performs decoding
processing such as inverse quantization and inverse orthogonal
transform on the input coded data so as to generate decoded
differential image data, and outputs it to the adder 106. The adder
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106 adds the decoded differential image data to the predictive
image data i'nputted by the motion compensation coding unit 109 so
as to generate decoded image data, and outputs it to the inter-pixel

~ filter 114 via the switch 113.

10

15

20

25

30

The inter-pixel filter 114, which has received the decoded

“image data, applies filtering on such decoded image data using one

of the following filters selected by the switch 112 and the switch
113: the filter All4a; the filter 8114b; the filter C114c;‘and the‘
filter D114d. Or, the inter-pixel filter 114 stores the decoded image
data in the picture memory 111 via the switch 112 without
performing filtering (skip). When this is dOne, the switching of the
terminals "1"~"5" of each of the switch 112 and the switch 113 is
controlled by the filter processing contfol unit 110 in a manner
described below. , '

Fig.6 is a flowchart illustratihg how a. filtering. strength is
determined by the filter processing control unit 110.

The filter processing control unit 110 determines filtering _'
strengths required for block boundaries in both vertical and

~horizontal directions of the decoded image data. A determination

for selecting a filtering strength used for filtering is made at the

boundary of the two adjacent blocks p and g, as in the case of the

prior art illustrated in Fig.1 (Step S201). First, the filter processing
control unit 110 checks to see if the blocks P and q are
intra~picture-coded, on the basis of the coding mode of each
macroblock outputted by the motion compensation coding unit 109
(Step S202). If one of these blocks is intra-coded (Yes in Step
S202), the filter processing control unit 110 checks to see if the
block boundary falls on a macroblock boundary (Step 5203).--

If the \result of the check shows that the block boundary falls
on the macroblock boundary, that is, if the two blocks are not from
the same macroblock, the filter processing control unit 110 selects

the filter All4a (Bs=4) with the strongest filtering strength (Yes in
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Step S203). To put it another way, the filter processing control unit
110 exerts control for switching a terminal of the switch 112 and a
terminal of the switch 113 to “1” respectively. If the result of the
check shows that the block boundary does not fall on the macroblock
boundary, that is, if these two blocks are from the same macroblock,
the filter processing control unit 110 selects the filter B114b (Bs?—_ \
3) with the second strongest strength (No in Step 5203). To put it
another way, the filter processing control unit 110 exerts control for _
switching a terminal of the switch 112 and a terminal of the switch
113 to “2” respectively. Note that Bs=3 here indicates that Bs is 3
or a larger value at least under the conditions illustrated in this
flowchart, and whether Bs is Bs=3 or a value larger than 3 shall be
determined by other conditions not disclosed here. In the following,
an equation that includes this inequality sign shall indicate a value
range which can be determined by the conditions not disclosed in the
present invention. \ . ' \
1If the result of the check (Step S202) shows that neither of
the blocks p nor q is intra-coded (No in Step S202), the filter
processing control unit 110 checks to see if any of the two bloéks p
and q contains coefficients indicating spatial frequency components
re*sult\ed- from orthogonal transform (Step S204). If one of these
blocks contains coefficients (Yes in Step S204), the filter processing
control unit 110 selects the filter Cl14c (Bs=2) with the third

‘st‘ronges't strength. To put it another way, the filter processing

control unit 110 exerts control for switching a terminal of the switch
112 and a terminal of the switch 113 to “3”, respectively. _

If neither of the two blocks contains coefficients, that is, if
coefficients are not coded in both blocks p and g (No in Step S204),

the filter processing control unit 110 checks to see if the picture that

includes the blocks p and q is a P picture or a B picture (Step $5205).
If the picture that includes the blocks p and q is a P picture, the filter
processing control unit 110 checks to see if ( i ) the blocks p and g
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refer to the same reference picture and (ii ) each difference between

vertical components (V(p,y) and (V(q,y)) and horizontal
components (V(p,x) and (V(q,x)) of the motion vectors of the
respective blocks p and g is less than one pixel (Step S208), on the
basis of the reference index values inputted by the motion
compensation coding unit 109 and the motion vectors inputted by
the motion vector storage unit 108. In other words, the filter
processing control unit 110 checks if the following equations (A), (B)_.
and (C) are all satisfied or not: '

Ref(p)=Ref(q) ceeees (A)
IV(p,x)—V(g,x)|<1  ceee (B)
IV(p,y)—V(q,y)I<1 recere (C)

Ref(p) and Ref(q) here denote reference pictures referred to
by the block p and the block q. ' '

If the result of the check shows that the blocks p and q refer
to the same reference picture and that each difference"bétwee'h
vertical and horizontal motion vectors of the blocks p and g is less

" than one pixel (Yes in Step S208), the filter processing control unit
110 selects no-filtering (Bs=0). To put it another way, the filter

processing control unit 110 exerts control for switching a terminal of
the switch 112 and a terminal of the switch 113 to “57 respectively.
In the other case (No in Step $208), the filter processing control unit
110 selects the filter D114d '(Bs = 1) with the weakest filtering
strength. To put it another'w.ay, the filter processing control unit
110 exerts control for switching a terminal of the switch 112 and a
terminal of the switch 113 to “"4”, respectively.

If the result of the check (Step $205) shows that the picture
that includes the blocks p and g is a B picture, a coding mode used
for coding a macroblock shall be one of the following: inter-picture
predictioh coding using a forward motion vector; inte'r-picture
prediction coding using a backward motion vector; inter-picture
prediction coding using two motion vectors; and direct mode. For
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example, when the block p uses only forward prediction and the
block q uses prediction using two reference pictures, the number of
reference pictures used by the block p is “1”, whereas the number of
reference pictures used by the block g is “2”. Thus, the filter
processing control unit 110 checks to see if the number of reference

pictures referred to by the block p and the number of reference

pictures referred to by the block g are the sam_e (Step S$206). If the
result of the check shows that the blocks p and q refer to a different
number of reference pictures (No in Step 5206),.the filter processing
control unit 110 selects the filter 'D114d (Bs=1) with the weakest
filtering strength. _ | |

On the other hand, when the blocks p and g refer to the same
number of reference pictures (Yes in Step S206), the filter
processing control unit 110 checks to see if the blocks p and q use
exactly the same reference picture(s), on the basi‘s.of the reference '
index values inputted from the motion’ compensétion coding unit
109 (Step S207). If the result of the check shows that any of the
reference pictures referred to by the bilocks p and q differs (No in
Step 5207),'t'he filter processing control unit 110 selects the filter
D114d (Bs=1) with the weakest filtering strength.

- Meanwhile, if the reference picture(s) referred to by the
blocks p and q is/are exactly the same (Yés in Step 5207), the filter
processing control unit 110 checks to see if the weighting (ABP)
coefficients for weighted prediction in the blocks p and q are the
same (Step S209). If the result of the check shows that the ABP
coefficients of the respective blocks p and q differ (No in Ste'p 5209),

‘the filter processing control unit 110 selects the filter D114d (Bs=

= 1) with the weakest filtering strength. “Weighted prediction”

“here is a prediction method in which a value obtained by multiplying

a pixel value in a reference picture by the first weighting coefficients
a and further by adding the second weighting coefficients B to a

result of such multiplication, serves as a predicted pixel value in
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inter picture prediction.

On the other hand, if the ABP coefficients of the blocks p and
q are the same (Yes in Step 8209), the filter protessing control unit
110 checks to see if each difference between all of the vertical and
horizontal motion vectors of the blocks p and q are less than one
pixel (Step S210). Inother words, the filter processing control unit
110 checks if the following equations (D)~(G) are all satisfied or
not:

|Vf(p,x)—Vi(q,x)|<1  -=--- (D)
|Vf(p,y)—Vf(q,y)I<1  -+---- (E)
IVb(p,x)—VDb(q,x)|<1  ee-- (F)
IVb(p,y)—Vb(q,y)I<1  ~-----: (G)

Here, Vf and Vb denote motion vectors in the respective
blocks p and q, and there is only one of Vf and Vb when only one
reference picture is used. | o ' ‘

If the result of the check shows that each difference between
all of the vertical and horizontal motion vectors of the blocks p and \‘

g is less than one pixel (Yes in Step S5210), the filter processing
~ control unit 110 selects no-filtering (Bs=0). In the other case (No

in Step S210), the filter processing control unit 110 selects the filter
D114d (Bs=1) with the weakest filtering strength.

Note that it is ‘possible to make a prediction on the

- macroblocks of a B picture using direct mode as described above.

When direct mode is employe'd, motion vectors of a current block are
derived from the motion vector of a block, in a reference picture

‘whose second reference index Ridx2 is "0", which is co-located with

the current block. In this case, a forward reference picture of the

current block is a reference picture to be referred to by the motion

vector of the corresponding block, and a backward reference picture
of the current block is a reference picture whose second reference
index Ridx2 is “0”. Subsequently, the filter processing control unit
110 utilizes such derived motion vectors and the reference picture to
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determine a filtering strength.

As described above, when the picture that includes the blocks
D and g is a B picture, since a check is made to see if the number of
reference pictures referred to by the block p and the number of
reference pictures referred to by the block g are the same, and if
exactly the same reference picture(s) is/are used or not, it is
possible to select an optimum filtering strength even when
prediction coding in which two pictures are referred to is employed.
This makes it possible for moving pictures to be coded in a manner
which allows the improvement in the quality of such moving pictures
to be decoded. “

Fig.7 is a block diagram showing a moving picture decoding
apparatus' that utilizes the filtering strength determination method
according to the present invention.

As shown in Fig.7, this moving picture decoding apparatus,

- which is an apparatus for decoding a bit stream coded by the moving

picture coding apparatus, is comprised of a bit stream analysis unit
201, a prediction residual decoding unit 202, a motion compensation
decoding unit 203, a motion vector storage unit 204, a \ filter
proceSsing control unit 205, a picture memory 206, an _adder‘ 207,
switches 208 and 209, and an inter-pixel filter 210. \

The bit stream analysis unit 201 extracts, from the input bit
stream, various data including the coding mode information and the
information indicating the motion vectors used for coding. The
prediction residual decoding unit 202 decodes the input pred\iction
residual coded data so as to generate the prediction residual image
data. The motion compensation decoding unit 203 obtains image
data from reference pictures stored in the picture memory 206 so as
to generate motion compensated image data, on the basis of the
coding mode information at the time of coding; the motion vector
information and the like. The motion vector storage unit 204 stores

the motion vectors extracted by the bit stream analysis unit 201.
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The adder 207 adds the prediction'residual image data inputted by
the prediction residual decoding unit 202 to the motion
compensated image data inputted by the motion compensation
decoding unit 203 so as to generate decoded image data. The
picture memory' 206 stores the decoded image data for which
filtering has been applied. .
The filter processing control unit 205 selects a filtering
strength of the inter-pixel filter 210, i.e. selects one of a fil_ter A210a,
a filter B210b, a filter C210c, a filter D210d, and no-filtering (skip),
and controls the switch 208 and the switch 209. The switch 208
and the switch 209 are switches which selectively connect to one of
their respective terminals "1”~"5" under the control of the filter
processing control unit 205. The switch 209 is placed between the
output terminal of the adder 207 and the input terminal of the
inter-pixel filter 210. Meanwhile, the switch 208 is placed between
the input terminal of the ..picture' memory 206-“and the output
terminal of the inter-pixel filter 210. | '
- The inter—pixel filter 210, which is a deblocking filter that
filters decoded image data so as to remove block distortion which is
hi'gh freq'uency noise around block boundaries, has the filter A210a,
the filter B210b, the filter C210c, the filter D210d, each having a
different filtering strength. Of these filters, the filter A210a is
indented for the strongest filtering, the filter B210b for the second
strongest, the filter C210c for the third strongest, and the' filter
D210d for the weakest filtering. Meanwhile, the amount of
operation required for filtering depends on a filtering strength.
Next, an explanation is given of the moving picture decoding
apparatus with the above configuration. The bit stream analysis
unit 201 extracts, from the 'input bit stream, various data including
the coding mode information and the motion vector information.
The bit stream analysis unit 201 outputs the extracted coding mode
information to the motion compensation decoding unit 203 and the
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filter processing control unit 205, and outputs the motion vector

information and the reference indices to the motion vector storage
unit 204. Furthermore, the bit stream analysis unit 201 outputs
the e'xtracted prediction residual coded data to the prediction
residual decoding unit 202. The prediction residual decoding unit
202, which has received such prediction residual coded data,
decodes the prediction residual coded data so as to generate the
prediction residual image data, and outputs it to the adder 207.

- The motion compensation decoding unit 203 generates the
motion compensated image data, referring to the reference pictures
stored in the picture memory 206, on the basis of the coding mode
information and the reference index values inputted by the bit
stream analysis unit 201, and the moti'on vector information read
out from the motion vector storage unit 204. Then, the motion
compensation decoding unit 203 outputs the generated motion
compensa’ted image data to the adder 207, and outputs the
reference index values indicating reference pictures to the filter
processing control unit 205. The adder 207 adds the motion
compenSated image data to the prediction residual image data
inputted by the prediction residual decoding unit 202 so as to
generate decoded image data, and outputs it to the inter-pixel filter
210 via the switch 209. ' '

The inter-pixél filter 210, which has received the decoded
Image data, applies filtering on such decoded Image data using one
of the following filters selected by the switch 208 and the switch
209: the filter A210a; the filter B210b; the filter C210c; and the
filter D210d. Or, the inter-pixel filter 210 stores the decoded image
data in the picture memory 206 via the switch 208 without

- performing filtering (skip). When this is done, the switching of the

terminals “"1”"~"5" of each of the switch 208 and the switch 209 is
controlled by the filter processing' control unit 205 in an equivalent

‘manner to that of the aforementioned filter processing control unit
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110 of the moving picture codingapparatus.

As described above, when the picture that includes the blocks
p and q is a B picture, since a check is made to see if the nhumber of
reference pictures referred to by the block p and the number of
reference pictures referred to by the block q are the same, and if
reference picture(s) to be referred to is/are exactly the same or not,
it is possible to select an optimum filtering strength even when
prediction coding in which two pictures are referred to is employed.
This makes it possible for moving pictures t'o be decoded in a manner
which alloWs the improvement in the quality ' of such moving
pictures. , '

(Second Embodiment) .

~The second embodiment presents a filtering strength
determination method which is partly different from one employed
by the filter processing control unit 110 explained in the' first
embodiment. Note that the configuration required for the method
according to the present embodiment is equivalent to that of the
first embodiment', and therefore that detailed explanations thereof
are omitted. Also note that an explanation is also omitted where a
filtering Strength is determined in the filter processing control unit
110 in the same manner as that of the first embodiment. It should
be noted that the filtering strength determination method of the
filter proces'sing control unit 205 is applicable to the present
embodiment regarding a mOving picture decoding apparatus.
. Fig.8 is a flowchart illustrating a filtering strength
determination method according to the second embodiment.

If the result of a check (Step 5304)performed by the filter
processing control unit 110 to see whether any of the two blocks p
and g contains coefficients indicating spatial frequency components
resulted from orthogonal transform, shows that one of these blocks
contains coefficients (Yes in Step S304), the filter processing control
unit 110 performs processing described below.
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The filter processing control unit 110 checks to see if the
picture that includes the blocks p and q is a P picture or a B picture
(Step S311). If the picture that includes the blocks pandqisaP
picture, the filter processing control unit 110 selects the filter Cl14c
(Bs (p) £2) with the third strongest filtering strength. Meanwhile,
if the picture that includes the blocks p and q is a B picture, the filter'
procéssing control unit 110 selects Bs (b) (Bs (b)>Bs (p)) with a
stronger filtering strength than Bs (p) used for a P picture.

As described above, when any of the blocks p and q contains
coefficients indicating spatial frequency components resulted from
orthogonal transform, since a check is made to see if the picture that
includes these blocks p a'nd q is a P picture or a B picture, it S
possible to select an optimum filtering strength even when
prediction coding in which two pictures are referred to is employed.
This makes it possible for moving pictures to be coded in.a manner
which allows the improvement in the q'ua'lity of such mo'vi'r‘i'g pi’ctufes
to be decoded. | . ,

Note that when the filter processing control unit 110 selects
no-filtering (Bs=0) in the above embodiments, it is possible that a
filter with a weaker strength than the filter D114d (Bs=1) with the
weakest filtering strength may be used, instead of applying no \
filtering (skip).

Also note that the filter processing control unit 110 does not
have to execute all steps illustrated in the flowchart of Fig.5 or Fig.8
in the above embodiments and therefore that processing of\these
steps may be partially omitted. For example, although the filter

processing control unit 110 performs check processing of Step S209

(S309) when the result of a check performed in Step S207 (S307)

- shows that the blocks p and q refer to exactly th'e same reference

picture(s) (Yes in Step $207 (S307)), it is also possible that check
processing of Step S210 (S310) may be performed instead.
Moreover, the execution order of each step may be transposed.

-24 -



10

15

20

25

30

CA 02448064 2003-11-24

Furthermore, although coding is performed on a
nicture-by-picture basis in the above embod|ments a field or a
frame may also serve as a unit of coding.

(Third Embodiment)

If a progr‘am for reélizing the configuration of the moving
picture coding method or the moving picture decoding method: as
shown in each of the aforementioned embodimeots is recorded on a-
recording' medium such as a flexible disk, it becomes possible to
easily perform the processing presented in each of the
aforementioned embodiments in an mdependent computer system.

Fig.9 is a diagram explaining a recording medium which
stores a program for realizing the moving picture coding method and
the moving picture decoding method of the above embodiments in a
computer system. ' '

Fig.9B shows an external view of the flexible disk viewed from
the front, a schematic cross-sectional view and the 'f'l‘ex"ibledisk,'
while Fig.9A illustrates an example physical format of the flexible
disk as a recording medium itself. A flexible disk FD is contained in

~a case F, a plurality of tracks Tr are formed concentrically on the

surface of the disk in the radius direction from the periphery, and
each track is divided into 16 sectors Se in the angular direction.
Therefore, in the flexible disk storing the above-mentioned program,
the moving picture coding method as such program is recorded in an
area allocated for it on the flexible disk FD.

Fig.9C shows the structure for recording and reading out the
program on and from the flexible disk FD. When the program is
recorded on the flexible disk FD, the computer system Cs writes the
moving picture coding method or the moving picture decoding
method as a program via a flexible disk drive FDD. When the
moving picture coding method is constructed in the computer
system by the program on the flexible disk, the program is read out
from the flexible disk via the flexible disk drive and transferred to
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the computer system.

The above explanation is given on the assumption that a
recording medium is a flexible disk, but the same processing can
also bé performed using an optical disc. In addition, the recording
medium is not limited to a flexible disk and an optical disc and any
othér medium, such as 'an IC card and a ROM cassette, capable of
recording a program can be used. ' '

Following is the explanation of the applications of the moving
pictUre coding method and the moving picture decoding method as
shown in the above embodiments, and the system using them.

Fig.10 is a block diagram showing the overall configuration of
a content supply system ex100 for realizing a content distribution
service. The area for providing communication service is divided
into cells of desired size, and base stations ex107~ex110 which are
fixed wireless stations are placed in respectlve cells. |

In thls content supply system ex100, a computer ex111 a
PDA (Personal Digital Assistant) ex112, a camera ex113, a cell
phone ex114, ‘and a camera--equipped cell phone ex115 are

connected to the Internet ex101 via an Internet service p'rov\ider

ex102, a telephone network ex104 and the base stations ex107~
ex110. - _

However, the content supply system ex100 is not limited to
the configuration as shown in Fig.10, and may be connected to a
combination of any of them. Also, each device may be connected
directly to the telephone network ex104, not through the base
stations ex107~ex110 which are fixed wireless stations.

The camera ex113 is a device such as a digital video camera
capable of shooting moving pictures. The cell phone may be a cell
phone of a PDC (Personal Digital Communication) system, a CDMA
(Code Division Multiple Access) system, a W-CDMA (Wideband-Code

Division Multiple Access) system or a GSM (Global System for Mobile

Communications) system, a PHS (Personal Handyphone system) or
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the like. _

A streaming server ex103 is connected to the caméra ex113
via the base station ex109 and the telephone network ex104, which
enables live distribution or the like using the camera ex113 based on
coded data transmitted from the user using the camera ex113.
Either the camera ex113 or the server and the like for carrying out
data transmission may code the shot data. Also, moving picture
data shot by a camera ex116 may be transmitted to the streaming
server ex103 via the computer ex111. The camera ex116 is a
device such 'as a digital camera capable of shooting still pictures and
moving pictures. In this case, either the camera ex116 or the
computer ex111 may code the moving picture data. An LSI ex117
included in the computer ex111 and the camera ex116 performs
coding processing. Note that software for coding 'and deco.ding.
moving pictures may be integrated into a certain' type of storage
mediUm (such as a CD-ROM,' a flexible disk and a hard diSk) that'is
a recording medium readable by the computer ex111 or the like.
Furthermore, the camera-equipped cell phone ex115 may transmit

- the moving picture data. This moving picture data is data coded by '

the LSI included in the cell phone ex115.

In the content supply system ex100, content (such as a music
live video) shot by the user using the camera ex113, the camera
ex116 or the like is coded in the same manner as the
above-described embodiments and transmitted to the streaming |
server ex103, and the streaming server ex103 makes stream
distribution of the content data to clients at their request. The
clients include the computer ex111, the PDA ex112, the camera
ex113, the cell phone ex114 and so on capable of decoding the
above-mentioned coded data. The content supply system ex100
with the above structure is a system in which the clients can receive
and reproduce the coded data, and can further receive, decode and
reproduce the data in real time so as to realize personal
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broadcasting.

'The moving picture coding apparatus and the moving picture
decoding apparatus presented in the above embodiments may be
employed as an encoder and a decoder in the devices making up
such system. -

As an example of such configuration, a cell phone is taken as '
an ex‘ample. '

Fig.11 is a diagram s'how*ing the cell phone ex115 that
incorporates the moving picture coding method and the moving
picture decoding method presented in the above embodiments.
The cell phone ex115 has an antenna ex201 for
transmitting/receiving radio waves to and from the base station
ex110 via radio waves, a camera unit ex203 such as a CCD camera -
capable of shooting video and still pictures, a display unit ex202
such as a liquid crystal display for displaying the data obtained by
decoding video and the like shot by the i:amera‘“ unit ex20‘3.ahd
dec‘oding videos and the like received by the antenna ex201, a main
body including a set of operation keys ex204, a voice output unit
ex208 such as a speaker for outputting voices, a voice input unit
ex205 such as a microphone for inputting voices, a recording

medium ex207 for storing coded or decoded data such as data of

moving or still pictures shot by the camera, data of received e-mails
and moving picture data or Still picture data, and a slot unit éx206
for enab'ling the recbrding medium ex207 to be attached to the cell
phone ex115. The recording medium ex207 stores in itself a flash
memory element, a kind of EEPROM (Electrically Erasable and
Programmable Read Only Memory) that is an electrically érasable
and rewritable nonvolatile memory, in a plastic case such as a SD
card. - \

Next, the cell phone ex115 will be explained with reference to
Fig.12. In the cell phone ex115, a main control unit ex311 for
overall controlling the display unit ex202 and each unit of the main
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body ex204 is configured in a manner in whic'h a power supply circuit
unit ex310, an operation input'control unit ex304, a pictu're coding
unit ex312, a camera interface unit ex303, an LCD (Liquid Crystal
Display) control unit ex302, a picture decoding unit ex309, a
multiplexing/demultiplexing unit ex308, a read/write unit ex307, a
modem circuit unit ex306 and a voice processing unit ex305 are
interconnected via a synchronous bus ex313. '
When a call-end key or a power key is turned ON by a user’s
operation, the power supply circuit unit ex310 supplies to each unit
with power from a battery pack so as to activate the digital
camera-equipped cell phone ex115 for making it into a ready state.
In the cell phone ex115, the voice processing unit ex305
converts voice signals received by the VOice input 'uni‘t ex205 in

conversation mode into digital voice data under the control of the

main control unit ex311 comprised of a CPU, a ROM, a RAM and
others, the modem circuit unit ex306 performs spread spectrum
processing on it, and a transmit/receive circuit unit ex301 performs \

- digital-to-analog conversion processing and frequency transform
 processing on the data, so as to transmit it via the antenna ex201.

Also, in the cell phone ex115, the transmit/receive circuit unit ex301
amplifies a received signal received by the antenna ex201 in
conversation mode and performs frequency transform processing
and analog-to-digital conversion processing on the'data, the modem
circuit unit ex306 performs inverse spread spectrum processing on
the data, and the voice processing unit ex305 converts it into analog
voice data, so as to output it via the voice output unit ex208.
Furthermore, when transmitting an e-mail in \ data
communication mode, the text data of the e-mail inputted by

operating the operation keys ex204 on the main body is sent out to
the main control unit ex311 via the operation input control unit

ex304. Inthe main control unit ex311, after the modem circuit u_nit‘
ex306 performs spread spectrum processing on the text data and
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the transmit/receive circuit unit ex301 performs digital-to-analog
conversion processing and frequency transform processing on it, the
data is transmitted to the base station ex110 via the antenna ex201.

When the picture data is transmitted in data communication
mode, the picture data shot by the cameré unit ex203 IS supplied to
the picture coding unit ex312 via the camera interface unit ex303.
When the picture data is not transmitted, it is also possible to
display the picture data shot by the camera unit ex203 directly on
the display unit 202 via the camera interface unit ex303 and the LCD
control unit ex302. ‘

The picture coding unit ex312, which incorporates the moving
picture coding apparatus acCording to the present inventibn, -
compresses and codes the picture data supplied from the camera
unit ex203 by the coding method employed in the moving pictufe
coding apparatus presented in the above embodiments, so as to
convert it into coded picture ‘data, and sends it out to t‘he'
multipIeXihg/demuItip'lexing unit ex308. At this time, the cell
phone ex115 sends out the voices received by the voice input unit '
ex205 while the shooting by the camera unit ex203 is taking place,
to the multiplexing/demultiplexing unit ex308 as digital voice data
via the voice processing unit ex305. |

The muItiplexing/demultiplexing unit ex308 multiplexes the
coded picture data _suppliedfrom the picture coding unit ex312 and
the voice data supplied from the voice processing unit ex305 using
a predetermihed method, the modem circuit unit ex306 performs
spread spectrum processing on the resulting multiplexed data, and
the transmit/receive circuit unit ex301 performs digital-to-analog
conversion processing and frequency transform processing so as to
transmit the processed data via the antenna ex201. |

When receiving data of a moving piCture file which is linked to
a Web page or the like in data communicétion mode, the modem
circuit unit ex306 performs inverse spread spectrum processing on
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the data received from the base station ex110 via the antenna
ex201, and sends out the resulting multiplexed data to the
multiplexing/demultiplexing unit éx308.

In order to decode the multiplexed data received via the
antenna ex201, the multiplexing/demultiplexing unit ex308
separates the multiplexed data into a picture data bit stream and a
voice audio data bit stream, and supplies the coded picture data to
the picture decoding unit ex309 and the voice data to the voice
processing unit ex305 via the synchronous bus ex313.

Next, the picture decoding unit ex309, which incorporates the
moving picture decoding apparatus according to the present
invention, decodes the picture data bit stream by the decoding
method paired with the coding method presented in the above
embodiments to generate reproduced moving picture data, and
supplies this data to the display unit ex202 via the LCD control unit
ex302, and thus moving picture data included in a moving picture
file linked to a Web page, for instance, is displayed. At the same "
time, the voice processing unit ex305 converts the voice data into
analog voice data, and supplies this data to the voice output unit
ex208, and thus voice data included in a moving picture file linked to
a Web page, for instance, is reproduced.

Note that the aforementioned system is not an exclusive
example and therefore that at least either the moving picture coding
apparatus or the moving picture decoding apparatus of the above
embodiments can be incorporated into a cligital broadcasting system
as s'hown in Fig.13, against the backdrop that satellite/terrestrial
digital broadcasting has been a recent topic of conversation. To be
more specific, at a broadcasting station ex409, a coded bit stream of
video information is transmitted to a satellite ex410 for

communications, broadcasting or the like by radio waves. Upon

receipt of it, the broadcast satellite ex410 transmits radio waves for
broadcasting, an antenna ex406 of a house equipped with satellite
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broadcasting reception facilities receives the radio waves, and an
apparatus such as a television ex401 and a set top box (STB) ex407
decodes the bit stream and reproduce the decoded data. The
moving picture decoding apparatus as shown in the above
embodiments can be implemented in the reader ex403 for reading
off and decoding the coded bit stream recorded on a storage medium
ex402 that is a recording medium such as a CD and a DVD. 1In this
case, a reproduced video signal is displayed on a monitor ex404. It
is also conceived to implement the moving picture decoding
apparatus in the set top box ex40/ connected to a cable ex405 for
cable television or the antenna ex406 for satellite/ground-based
broadcasting so as to reproduc'e it on a television monitor ex408.
In this case, the moving picture decoding apparatus may be
incorporated into the television, not in the set top box. Or, a car

‘ex412 having an antenna ex411 can receive a signal from the

satellite ex410, the base station ex107 or the like for reprOducing a
moving picture on a display device such as a car navigation system
ex413. '

Furthermore, it is also possible to code an image signal by the
moving picture coding apparatus presented in the above
embodiments and record the coded image signal in a récording
medium. Some examples are a DVD recorder for recording an
image signal on a DVD disc ex421, and a recorder ex420 such as a
disc recorder for recording an image signal on a hard disk.
Moreover, an image signal can be recorded in an SD card ex422. If
the recorder ex420 is equipped with the moving picture decoding

apparatus presented in the above embodiments, it is possible to

reproduce an image sighal recorded on the DVD disc ex421 and in
the SD card ex422, and display it on the monitor ex408. .

As the configuration of the car n‘avigation' system ex413, the
configuration without the camera uni't ex203 and the camera
interface unit ex303, out of the configuration show\n in Fig.12, is
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conceivable. The same goes for the computer exlll, the television
ex401 and others. *
Concerning the terminals such as the cell phone ex114, a

| transmitting/receiving terminal having both an encoder and a

decoder, as well as a transmitting terminal only with an encoder and
a receiving terminal only with a decoder are possible as forms of
implementation. '

As stated above, it is possible to employ the moving picture
coding method and the moving picture décoding method according
to the aforementioned embodiments in any one of the apparatuses
and the system described above, and thus the effects explained in
the above embodiments can be achieved by so doing_. '

From the invention thus described, it will be obvious that the
embodiments of the invention may be varied in many ways. Such
variations are not to be regarded as a departure from the splrlt and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended for inclusion within the
scope of the following claims.

' As is obvious from the above explanation, the filtering
strength determination method according to the present invention is

capable of determining, in an optimum manner, a strength of a filter

for removing block distortion by filtering decoded image data
including high frequency noise around block boundaries, even when
prediction coding in which two pictures are referred to is employed.
Accordingly, it is possible for moving pictures to be coded in a
manner which allows the improvement in the quality of such moving
pictures to be decoded. What is more, the filtering strength
determination method according to the present invention is
applicable to both a moving picture coding apparatus and a moving

picture decoding apparatus, offering a significant practical value.

Industrial Applicability
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As described above, the filtering strength determination
method, the moving picture coding method and the moving picture
decoding method according to the present invention are suited as
methods for generating a bit stream by coding image data
co'rresponding to each of pictures making'up a moving picture and

for decoding the generated bit stream on a cell phone, a DVD

apparatus, a personal computer and the like.

-34 .
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The embodiments of the present invention for which an exclusive
property or privilege is claimed are defined as follows:

1. A distortion removing method for removing coding distortion
occurring at a boundary between a current block constituting a B-picture
and a neighboring block adjacent to the current block, said distortion
removing method comprising:

a filtering strength determining step of determining a
predetermined filtering strength from among a filtering strength
corresponding to filtering not being performed, a weakest filtering
strength, a second-weakest filtering strength, a third-weakest filtering
strength, and a strongest filtering strength; and

a removing step of removing the coding distortion between the
blocks, by performing a filtering with the predetermined filtering strength,

wherein said filtering strength determining step includes:

a first determining step of determining whether or not either the
current block or the neighboring block is intra prediction coded,;

a second determining step of determining whether or not the
boundary corresponds to a macroblock boundary, in the case where it is
determined in said first determining step that either the current block or
the neighboring block is intra prediction coded,

a third determining step of determining whether or not both the
current block and the neighboring block include data obtained by coding a
coefficient that indicates a spatial frequency component resulting from an |
orthogonal transformation, in the case where it is determined in said first
determining step that neither the current block nor the neighboring block
is intra prediction coded and that both the current block and the
neighboring block are inter prediction coded;

a fourth determining step of determining whether or not the
number of pictures referred to by the current block is equal to the
number of pictures referred to by the neighboring block, in the case
where it is determined in said third determining step that neither the
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current block nor the neighboring block includes the data obtained by
coding the coefficient that indicates the spatial frequency component
resulting from the orthogonal transformation;

a fifth determining step of determining whether or not a picture
referred to by the current block is the same as a picture referred to by
the neighboring block, in the case where it is determined in said fourth
determining step that the number of pictures referred to by the current
block is equal to the number of pictures referred to by the neighboring
block; and

a sixth determining step of determining whether or not a difference
between a motion vector of the current block and a motion vector of the
neighboring block is within a predetermined range, in the case where it is
determined in said fifth determining step that the picture referred to by
the current block is the same as the picture referred to by the
neighboring block, and

in said filtering strength determining step:

the strongest filtering strength is selected, in the case where it is
determined in said second determining step that the boundary
corresponds to the macroblock boundary;

the third-weakest filtering strength is selected, in the case where it
is determined in said second determining step that the boundary does not
correspond to the macroblock boundary;

the second-weakest filtering strength is selected, in the case where
it is determined in said third determining step that either the current
block or the neighboring block includes the data obtained by coding the
coefficient that indicates the spatial frequency component resulting from
the orthogonal transformation;

the weakest filtering strength is selected, in the case where 1t Is
determined in said fourth determining step that the number of pictures
referred to by the current block is equal to the number of pictures

referred to by the neighboring block;
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the weakest filtering strength is selected, in the case where it is
determined in said fifth determining step that the picture referred to by
the current block is not the same as the picture referred to by the
neighboring block; and

the filtering strength corresponding to the filtering not being
performed is selected, in the case where it is determined in said sixth
determining step that the difference between the motion vector of the
current block and the motion vector of the neighboring block is within the

predetermined range.

2. A distortion removing apparatus for removing coding distortion
occurring at a boundary between a current block constituting a B-picture
and a neighboring block adjacent to the current block, said distortion
removing apparatus comprising:

a filtering strength determining unit configured to determine a
predetermined filtering strength from among a filtering strength
corresponding to filtering not being performed, a weakest filtering
strength, a second-weakest filtering strength, a third-weakest filtering

strength, and a strongest filtering strength; and
a removing unit configured to remove the coding distortion between

the blocks, by performing a filtering with the predetermined filtering

strength,
wherein said filtering strength determining unit includes:

a first determining unit configured to determine whether or not

either the current block or the neighboring block is intra prediction coded,;
a second determining unit configured to determine whether or not

the boundary corresponds to a macroblock boundary, in the case where
said first determining unit determines that either the current block or the

neighboring block is intra prediction coded;
a third determining unit configured to determine whether or not

both the current block and the neighboring block include data obtained by
coding a coefficient that indicates a spatial frequency component resulting
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from an orthogonal transformation, in the case where said first
determining unit determines that neither the current block nor the
neighboring block is intra prediction coded and that both the current block
and the neighboring block are inter prediction coded,;

a fourth determining unit configured to determine whether or not
the number of pictures referred to by the current block is equal to the
number of pictures referred to by the neighboring block, in the case
where said third determining unit determines that neither the current
block nor the neighboring block includes the data obtained by coding the
coefficient that indicates the spatial frequency component resulting from
the orthogonal transformation;

a fifth determining unit configured to determine whether or not a
picture referred to by the current block is the same as a picture referred
to by the neighboring block, in the case where said fourth determining
unit determines that the number of pictures referred to by the current
block is equal to the number of pictures referred to by the neighboring
block: and

a sixth determining unit configured to determine whether or not a
difference between a motion vector of the current block and a motion
vector of the neighboring block is within a predetermined range, in the
case where said fifth determining unit determines that the picture
referred to by the current block is the same as the picture referred to by
the neighboring block, and

said filtering strength determining unit is configured to:

select the strongest filtering strength, in the case where said second
determining unit determines that the boundary corresponds to the
macroblock boundary;

select the third-weakest filtering strength, in the case where said
second determining unit determines that the boundary does not
correspond to the macroblock boundary;

select the second-weakest filtering strength, in the case where said
third determining unit determines that either the current block or the
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neighboring block includes the data obtained by coding the coefficient
that indicates the spatial frequency component resulting from the
orthogonal transformation;

select the weakest filtering strength, in the case where said fourth
determining unit determines that the number of pictures referred to by
the current block is equal to the number of pictures referred to by the
neighboring block;

select the weakest filtering strength, in the case where said fifth
determining unit determines that the picture referred to by the current
block is not the same as the picture referred to by the neighboring block;
and

select the filtering strength corresponding to the filtering not being
performed, in the case where said sixth determining unit determines that
the difference between the motion vector of the current block and the
motion vector of the neighboring block is within the predetermined range.
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