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1
METHOD FOR PREDICTING A
BI-PREDICTIVE BLOCK OF A MOVING
PICTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FOREIGN PRIORITY INFORMATION

The present invention is a continuation reissue of U.S.
patent application Ser. No. 10/335,331 (now U.S. Pat. No.
8,548,053), issued on Oct. 1, 2013, and claims priority under
35 U.S.C. 119 on Korean Application No. 10-2002-0019262
filed Apr. 9, 2002 and Korean Application No. 10-2002-
0072862 filed Nov. 21, 2002; the contents of which are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a moving picture coding
system.

2. Description of the Background Art

A moving picture coding system is able to have higher
coding efficiency with a B picture (a predicted image that
may be based on the motion vectors) than the coding
efficiency when using only P pictures (a predicted image
based on one motion vector).

For the B picture, the block prediction method for a direct
mode involves calculating a forward motion vector and a
backward motion vector as scaled versions of a motion
vector of a co-located block in a backward reference picture
for direct mode, to then obtain two distinct motion-compen-
sated blocks using the forward and backward motion vec-
tors, respectively. A predicted block is then obtained by
averaging the two motion-compensated blocks.

The block prediction method for the direct mode as
described above will be described in more detail with
reference to FIG. 1.

FIG. 1 is a view showing a picture pattern for describing
the block prediction method for the direct mode according to
the conventional art. The picture pattern comprises an [-pic-
ture (not shown) coded using prediction only from decoded
samples within the same picture (e.g., intra prediction), P
pictures P1, P4, and P7 coded by inter prediction using at
most one motion vector from previously-decoded reference
pictures, and B-pictures B2, B3, B5 and B6 coded by two
inter prediction blocks from previously-decoded reference
pictures.

Also, parameters shown in FIG. 1 will first be described
first for the sake of convenience. TR, represents a temporal
distance between a forward reference picture for direct mode
(P1) and a backward reference picture for direct mode (P7),
TRy represents a temporal distance between the forward
reference picture for direct mode (P1) and a current B
picture (B5), MV represents a motion vector of a co-located
block in the backward reference picture for direct mode
(P7), MV represents a forward motion vector of direct mode
pointing to the forward reference picture for direct mode,
and MV, represents a backward motion vector of direct
mode pointing to the backward reference picture for direct
mode. Herein, the forward reference picture for direct mode
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2

is a reference picture pointed by the motion vector of the
co-located block in the backward reference picture for direct
mode.

The block prediction method for direct mode will be
described using the above parameters as follows.

First, the forward motion vector of direct mode (MV ) is
obtained from a motion vector (MV) of a co-located block
B, in the backward reference picture for direct mode (P7) by
applying following equation (1).

TRz x MV
TRp

MY, = )

In addition, the backward motion vector of direct mode
(MV,) is obtained from a motion vector (MV) of the
co-located block B, in the backward reference picture for
direct mode (P7) by applying following equation (2).

MV, = (TRg - TR, MY @
»=(ITRp - D)Xm

Therefore, blocks B, and B, are motion-compensated
using the motion vectors MV, and MV, calculated from
equations (1) and (2), and after that, the two blocks are
averaged to get a prediction value B, of a current block B,
in the B picture as following equation (3).

Bf+B,
==

®

B

However, according to the block prediction method for
the direct mode of the conventional art, the forward motion
vector of direct mode is obtained from the motion vector of
the co-located block in the backward reference picture for
direct mode, and therefore, the obtained value is just an
approximated value, not a precise motion vector of the
current block of the B picture.

Also, according to the block prediction method for direct
mode of the conventional art, even though the reference
picture temporally close to the B picture has higher simi-
larity with the B picture, the block prediction is made using
the average of two distinct motion-compensated blocks
without considering temporal distance between the refer-
ence pictures. Therefore, the accuracy of predicted block is
lowered.

Especially, in a sequence having a fading scene, since
brightness of continuous B pictures can be gradually dark-
ened or gradually lightened, the prediction value obtained by
simply averaging two motion-compensated blocks can differ
significantly from the original value, and thereby the coding
efficiency of the entire system is greatly lowered.

SUMMARY OF THE INVENTION

The present invention provides a method for predicting a
bi-predictive block of a moving picture.

In one embodiment, first and second distinct motion-
compensated blocks are obtained using first and second
motion vectors respectively. The bi-predictive block of the
moving picture is predicted using first and second variable
weight factors associated with the first and second distinct
motion-compensated blocks, respectively.
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In an embodiment, each of the first and second variable
weight factors is dependant on a temporal distance between
the moving picture and a reference picture pertaining to one
of the first and second distinct motion-compensated blocks.
The temporal distance may be derived using display order
information allocated to the moving picture and the refer-
ence picture.

In another embodiment, the bi-predictive block is pre-
dicted using a equation that includes a sum of a first value
multiplied by the first variable weight factor and a second
value multiplied by the second variable weight factor. In the
equation, the first and second values represent the first and
second distinct motion-compensated blocks, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a view showing a picture pattern for describing
a block prediction method for direct mode according to the
conventional art;

FIG. 2 is a view showing a picture pattern for describing
a block prediction method according to the present inven-
tion;

FIG. 3 is a view showing a picture pattern for describing
an interpolative prediction method according to an embodi-
ment of the present invention; and

FIG. 4 is a view showing a picture pattern for describing
an interpolative prediction method according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

Reference will now be made in detail to the example
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

In a block prediction method, for example in a direct
mode, according to the present invention, a forward motion
vector and a backward motion vector of a direct mode may
be calculated from a motion vector of a co-located block in
a backward reference picture for direct mode. Then, two
motion-compensated blocks are obtained using the above
motion vectors, and a predicted block is obtained by inter-
polation using the two motion-compensated blocks.

Also, in the block prediction method according to the
present invention, the backward motion vector may be
calculated from the backward reference picture for direct
mode, a forward motion vector of direct mode may be
calculated from the reference picture closest to the current B
picture among the forward reference pictures, motion-com-
pensated blocks may be obtained from the above motion
vectors, and a predicted block may be obtained by interpo-
lation using the two motion-compensated blocks.

Hereinafter, embodiments of the present invention will be
described with reference to accompanying Figures as fol-
lows.

FIG. 2 shows a picture pattern for describing the block
prediction method for direct mode according to the present
invention. The picture pattern comprises an [-picture (not
shown) coded using prediction only from decoded samples
within the same picture, P pictures P1, P4, and P7 coded by
inter prediction using at most one motion vector from

10

15

20

25

30

35

40

45

50

55

60

65

4

previously-decoded reference pictures, and B-pictures B2,
B3, B5 and B6 coded by two inter prediction blocks from
previously-decoded reference pictures.

Parameters shown in FIG. 2 will be described first for the
sake of convenience. TR, represents a temporal distance
between a forward reference picture for direct mode (P1)
and a backward reference picture for direct mode (P7), TR,
represents a temporal distance between the forward refer-
ence picture for direct mode (P1) and a current B picture
(B5), TR, represents a temporal distance between the ref-
erence picture (P4) closest to the current B picture and the
current B picture (B5), MV represents a motion vector of a
co-located block in the backward reference picture for direct
mode (P7), MV, represents a forward motion vector of
direct mode pointing to the reference picture (P4) closest to
the current B picture, and MV represents a backward
motion vector of direct mode pointing to the backward
reference picture for direct mode (P7).

The motion vector (MV) of the co-located block B, in the
backward reference picture for direct mode (P7) is estab-
lished in the process of coding (or decoding) the backward
reference picture for direct mode before the current B picture
is coded (or decoded).

The block prediction method for direct mode as con-
structed above according to the present invention will be
described as follows.

The forward motion vector (MV), which points to the
reference picture (P4) having the closest temporal distance
among the forward reference pictures, is obtained from
following equation (4).

TRy xMV
TRp

MV, = “

In addition, the backward motion vector (MV,), which
points to the backward reference picture for direct mode
(P7), is obtained according to the conventional art using
equation (2) reproduced below.

MV, = (TRp - TR, XMV @
» = (TRp —TRp) TRy

Accordingly, motion-compensated blocks B, and B, are
obtained using the motion vectors MV and MV, calculated
in the convention manner, but using the motion vectors from
equations (2) and (4).

However, the block prediction method according to the
present invention may be applied to the example situations
in either FIG. 1 or FIG. 2. Therefore, the reference picture
in which the motion-compensated block B exists may be the
forward reference picture for direct mode (for example, P1
picture in FIG. 1) or the reference picture closest to the B
picture (for example, P4 picture in FIG. 2). It will be
appreciated that these are only two example situations, and
that the present invention is not limited to these two
examples.

The block prediction method according to the present
invention performs interpolative prediction considering the
temporal distance between the current B picture and the
reference picture in which the motion-compensated block B,
exists (that is, the forward reference picture for direct mode
or the reference picture closest to the B picture in the two
example situations of FIGS. 1 and 2), and considering the
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temporal distance between the current B picture and the
backward reference picture for direct mode.

As shown in FIG. 3, if the forward motion vector of direct
mode is obtained using the conventional art, the motion-
compensated block B exists in the forward reference picture
for direct mode (P1) and the motion-compensated block B,
exists in the backward reference picture for direct mode
(P7). The interpolative prediction is performed according to
equation (5) below. Herein, TR, is the temporal distance
between the forward reference picture for direct mode (P1)
and the backward reference picture for direct mode (P7), and
TR is the temporal distance between the forward reference
picture for direct mode (P1) and the current B picture (BS).
As shown in Equation (5), the interpolative predictive
method involves taking a weighted average of the two
motion-compensated blocks B,and B,. The weighting of the
motion-compensated block B, is based on the temporal
difference between the current picture (B5) and the reference
picture (P7), which is related to the motion-compensated
block B,. The weighting of the motion-compensated block
B, is based on the temporal difference between the current
picture (B5) and the reference picture (P1), which is related
to the motion-compensated block B Also, as will be appre-
ciated from equation (5), each weight may be expressed as
a function of the other weight.

TRp

y (TRp —TRp) y
5" TRp

TR,

5
B =3, ®

Also, FIG. 4 shows the case that the forward motion
vector of direct mode is obtained according to the embodi-
ment of the present invention where the motion-compen-
sated block B, exists in the reference picture (P4) closest to
the current B picture and the motion-compensated block B,
exists in the backward reference picture for direct mode
(P7). Therefore, the interpolative prediction is performed as
shown in equation (6) below. Herein, TR, is the temporal
distance between the forward reference picture for direct
mode (P1) and the backward reference picture for direct
mode (P7), and TRy is the temporal distance between the
forward reference picture for direct mode (P1) and the
current B picture, and TR, is the temporal distance between
the reference picture (P4) closest to the current B picture and
the current B picture.

B, B, x— 0 -TRe) o
¢ ="/ TRy +TRp — TRp)

y TRy
®” TRy + TRp — TR3)

©

Again, as shown in equation (6), the interpolative predic-
tive method involves taking a weighted average of the two
motion-compensated blocks B,and B,. The weighting of the
motion-compensated block B, is based on the temporal
difference between the current picture (B5) and the reference
picture (P7), which is related to the motion-compensated
block B,. The weighting of the motion-compensated block
B, is based on the temporal difference between the current
picture (B5) and the reference picture (P4), which is related
to the motion-compensated block B Also, as will be appre-
ciated from equation (6), each weight may be expressed as
a function of the other weight.

The respective pictures may also be represented or refer-
enced using display order information such as a picture
order count. Here, equations (5) and (6) may be represented
as equation (7) below using the picture order count values,
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which are display order information of the respective pic-
tures. Herein, T is a picture order count value, that is, the
display order information allocated to the current B picture;
T,is a picture order count value, that is, the display order
information allocated to the forward reference picture for
direct mode or a picture order count value, that is, the
display order information allocated to the reference picture
closest to the B picture in case that the forward motion
vector is calculated by the equation (4); and T, is a picture
order count value, that is, the display order information
allocated to the backward reference picture for direct mode.

(Tp - To)
(Ty = Ty)

% (T =Ty) Q)

By =B;x
e Ty =Ty)

In this example, equation (7) shows that the interpolative
prediction method involves taking a weighted average of the
two motion-compensated blocks B, and B,. Here, the
weighting of the motion-compensated block B, is based on
the picture order count difference between the picture order
count of the current block (B5) and the picture order count
of the reference picture (P7) related to the motion-compen-
sated block B,; and the weighting of the motion-compen-
sated block B, is based on the picture count difference
between the picture order count of the current block (B5)
and the picture order count of the reference picture (P1) or
(P4) related to the motion compensated block B, Also, as
will be appreciated from equation (7), each weight may be
expressed as a function of the other weight.

As described above, according to the present invention,
the forward motion vector for direct mode is obtained from
the motion vector of the co-located block in the backward
reference picture for direct mode, and a predicted block of
the B picture, which is about to be coded, is obtained by
applying interpolative prediction to the motion-compensated
block values. Therefore, the coding efficiency is improved.

Also, according to the present invention, the forward
motion vector of direct mode may be obtained from the
reference picture closest to the B picture which is about to
be coded (or decoded) presently and having higher similarity
with the B picture. The predicted block of the B picture may
then be obtained by applying the interpolative prediction to
the blocks which are motion-compensated from the above
forward motion vector and backward motion vector. There-
fore, the accuracy of the predicted block can be improved
and the coding efficiency can be improved.

As the present invention may be embodied in several
forms without departing from the spirit or essential charac-
teristics thereof, it should also be understood that the above-
described embodiments are not limited by any of the details
of the foregoing description, unless otherwise specified, but
rather should be construed broadly within its spirit and
scope, and therefore all changes and modifications, or
equivalence are therefore intended to be embraced by the
invention.

What is claimed is:

1. A method for a [decoding device] moving picture
coding system to predict a bi-predictive block of a current
picture, the method comprising:

deriving[, by the decoding device,] a first picture order

count allocated to a first picture wherein the first picture
is a reference picture of the current picture;

deriving[, by the decoding device,] a second picture order

count allocated to the current picture;
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deriving[, by the decoding device,] a third picture order
count allocated to a second picture;

deriving[, by the decoding device,] a fourth picture order
count allocated to a third picture, wherein the second
picture is a reference picture of the third picture; 5

scaling[, by the decoding device,] a motion vector of a
block in the third picture based on the first, second,
third and fourth picture order counts to [calculate]
obtain a first motion vector for the bi-predictive block;

determining[, by the decoding device,] a first motion- 10
compensated block in the first picture by using the first
motion vector; and

predicting[, by the decoding device,] the bi-predictive
block by using the first motion-compensated block],
respectively], 15

wherein the first picture order count, the second picture
order count, the third picture order count, and the fourth
picture order count are values counted in display order.

2. The method of claim 1, wherein the first picture is a

closest reference picture of the current picture. 20

#* #* #* #* #*



