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(57) ABSTRACT

A selective motion vector prediction method and a motion
estimation method and a device thereof applicable to a scal-
able video coding (SVC) system are disclosed. The selective
motion vector prediction method includes the steps of per-
forming an inter prediction to obtain a first motion vector
prediction center; performing an inter-layer motion predic-
tion to obtain a second motion vector prediction center; in the
case the first and the second motion vector prediction center
satisfying a preset condition, using the same reference data to
calculate the rate-distortion costs for the inter prediction and
the inter-layer motion prediction; and using the rate-distor-
tion costs as a basis to select one of the inter prediction and the
inter-layer motion prediction for applying to the SVC system.
Thus, the same reference data is shared to enable reduced
memory access in the process of coding and accordingly,
reduced cost of and power consumption by memory access.
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SELECTIVE MOTION VECTOR PREDICTION
METHOD, MOTION ESTIMATION METHOD
AND DEVICE THEREOF APPLICABLE TO
SCALABLE VIDEO CODING SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a scalable video
coding system, and more particularly to a selective motion
vector prediction method, a motion estimation method and a
device thereof applicable to a scalable video coding system.

BACKGROUND OF THE INVENTION

[0002] Inrecentyears, image and video signal compression
techniques have become more and more important in multi-
media data storage and transmission, and people demand
more for the efficiency and robustness in data storage and
transmission. A scalable video coding (SVC) system is
extended from the H.264/AVC image encoding standard.
This SVC system has the advantages of having low bit output
rate, high error resilience, and network-friendly nature, and
adopts the concept of layered coding to send bit-streams of
different characteristics to an IP network. The SVC system
provides three types of scalability, namely, spatial, temporal
and quality scalability. According to the SVC system, when
an image frame is received, the image frame is down-sampled
to generate a base layer, and the originally received image
frame is referred to as an enhancement layer. These two layers
are coded separately, so as to provide better quality scalabil-
ity. Therefore, based on the network condition and the user-
end device capability, the most suitable bit-stream can be
dynamically adjusted for transmission. Thus, video coding
based on the SVC system has the prevalence of being suitable
for transmission over networks.

[0003] The reduction of power consumption has long been
an important issue in the development of video encoder
because low power consumption allows the video encoder to
work longer in the battery environment. Among others, the
power consumed by accessing memory for reference data
accounts for a very large portion of the total power consump-
tion by the whole video encoder. However, in the prior art,
only the power saving through single-layer memory data
access is discussed, and the correlation between layers is not
taken into consideration. Thus, it is an important issue for all
types of inter-layer prediction coding to work out a way to
increase the coding speed and reduce the memory data access
through efficient data sharing, so as to achieve the target of
low memory data access cost and power consumption.

SUMMARY OF THE INVENTION

[0004] A primary object of the present invention is to pro-
vide a selective motion vector prediction method, a motion
estimation method and a device thereof applicable to scalable
video coding (SVC) system, so that the high correlation
between different spatial layers is used to achieve better shar-
ing of reference data to thereby effectively reduce the cost of
and the power consumption by memory access.

[0005] To achieve the above and other objects, the present
invention proposes a selective motion vector prediction
method applicable to the SVC system. The SVC system is
adapted to receive an image frame and generates a first layer
of low resolution and a second layer of high resolution based
on the received image frame. The selective motion vector
prediction method according to the present invention includes
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the following steps: performing a first motion vector predic-
tion based on the first layer, so as to obtain a first motion
vector; obtaining a first reference data; performing the first
motion vector prediction based on the second layer and the
first reference data, so as to obtain a motion vector prediction
center and a second motion vector; performing a rate-distor-
tion evaluation based on the second layer, the first reference
data, and the second motion vector, so as to obtain a first
rate-distortion cost (RD-cost); determining whether the first
motion vector and the motion vector prediction center satisfy
a preset condition; in the case the first motion vector and the
motion vector prediction center satisfying the preset condi-
tion, performing a second motion vector prediction based on
the second layer, the first motion vector, and the first reference
data, so as to obtain a third motion vector; performing the
rate-distortion evaluation based on the second layer, the first
reference data, and the third motion vector, so as to obtain a
second RD-cost; and using the first RD-cost and the second
RD-cost as a basis to select one of the first motion vector
prediction and the second motion vector prediction for apply-
ing to the SVC system.

[0006] In the case the first motion vector and the motion
vector prediction center do not satisfy the preset condition,
the first motion vector prediction is selected for applying to
the SVC systemn.

[0007] Inthe selective motion vector prediction method of
the present invention, the first motion vector prediction is an
inter prediction.

[0008] In the selective motion vector prediction method of
the present invention, the second motion vector prediction is
an inter-layer motion prediction.

[0009] Inthe selective motion vector prediction method of
the present invention, the first layer is a base layer, and the
second layer is an enhancement layer; and the base layer is
obtained by down-sampling of the enhancement layer.
[0010] In an operable embodiment of the selective motion
vector prediction method of the present invention, the second
motion vector prediction is an inter base layer prediction, and
the third motion vector is equal to the first motion vector.
[0011] According to the operable embodiment, in the case
the first motion vector and the motion vector prediction center
do not satisfy the preset condition, a second reference data is
further obtained; the rate-distortion evaluation is performed
based on the second layer, the second reference data, and the
third motion vector, so as to obtain a third RD-cost; and the
first RD-cost and the third RD-cost are used as a basis to select
one of the first motion vector prediction and the second
motion vector prediction for applying to the SVC system.
[0012] Inthe selective motion vector prediction method of
the present invention, the preset condition is that whether or
not a difference between the first motion vector and the
motion vector prediction center is smaller than a threshold
value.

[0013] To achieve the above and other objects, the present
invention also proposes a motion estimation method appli-
cable to the SVC system. The SVC system separately uses an
inter prediction and an inter-layer residual prediction to per-
form a motion vector prediction for a current frame. The
motion estimation method includes the following steps:
receiving a reference frame and a residual data; calculating
based on the current frame and the reference frame to obtain
a first difference for use in the inter prediction; and using the
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first difference and the residual data as a basis to calculate a
second difference for use in the inter-layer residual predic-
tion.

[0014] In the motion estimation method of the present
invention, the residual data is a prediction residual value
obtained from an up-sampling of a base layer generated by the
SVC system.

[0015] In the motion estimation method of the present
invention, the reference frame is a previous frame relative to
the current frame.

[0016] To achieve the above and other objects, the present
invention further proposes a motion estimation device appli-
cable to the SVC system. The SVC system stores a current
frame, a reference frame, and a residual data therein, and
separately uses an inter prediction and an inter-layer residual
prediction to perform a motion vector prediction for the cur-
rent frame. The motion estimation device of the present
mvention includes an access element, a first subtracter, and a
second subtracter. The access element reads a first block data
of the current frame, a second block data of the reference
frame, and the residual data. The first subtracter calculates a
first difference between the first block data and the second
block data, and the first difference is output for use in the inter
prediction. And, the second subtracter calculates a second
difference between the first difference and the residual data,
and the second difference is output for use in the inter-layer
residual prediction.

[0017] Inthe motion estimation device ofthe present inven-
tion, the residual data is a prediction residual value obtained
from an up-sampling of a base layer generated by the SVC
system.

[0018] Inthe motion estimation device ofthe present inven-
tion, the reference frame is a previous frame relative to the
current frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0020] FIG.11isaflowchart showing the steps included in a
selective motion vector predication method applicable to
scalable video coding system according to a first embodiment
of the present invention;

[0021] FIG.2is a flowchart showing the steps included in a
selective motion vector predication method applicable to
scalable video coding system according to a second embodi-
ment of the present invention;

[0022] FIG. 3 is a flowchart showing the steps included in a
selective motion vector predication method applicable to
scalable video coding system according to a third embodi-
ment of the present invention;

[0023] FIG.4isaconceptual view showing the operation of
a motion estimation device applicable to scalable video cod-
ing system according to the present invention; and

[0024] FIG.5 is a flowchart showing the steps included in a
motion estimation method applicable to scalable video cod-
ing system according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Please referto FIG. 1 that is a flowchart showing the
steps included in a selective motion vector prediction method
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according to a first embodiment of the present invention. The
selective motion vector prediction method in the first embodi-
ment is applicable to a scalable video coding (SVC) system.
The SVC system is adapted to receive a plurality of image
frames and generates from each of these image frames a first
layer of low resolution and a second layer of high resolution.
For example, the originally received image frame can be the
second layer and referred to as an enhancement layer. Then,
the originally received image frame is down-sampled to gen-
erate an image, which is the first layer and referred to as a base
layer. Alternatively, the originally received image frame can
be the first layer and is up-sampled to produce an image,
which is the second layer.

[0026] As shown in FIG. 1, the selective motion vector
prediction method in the first embodiment includes the fol-
lowing steps, so as to perform motion vector prediction based
on a current frame. In a step 11, an inter prediction is per-
formed based on the enhancement layer and a reference data,
so as to obtain a first motion vector prediction center
(MVP,,...) and a first motion vector. In a step 12, the inter
prediction is performed based on the base layer, so as to
obtain a second motion vector, which is then up-sampled to
obtain a second motion vector prediction center (MVP,,)
for use in an inter-layer motion prediction. Here, when per-
forming the inter prediction, a motion vector prediction cen-
ter would be generated first; and this motion vector prediction
center and the base layer are used as a basis to calculate the
first motion vector. Since the inter prediction is known by a
person of ordinary skill in the art, it is not discussed in details
herein. Preferably, the reference data is a previous frame
relative to the current frame.

[0027] Ina step 13, it is determined whether a difference
between the first motion vector prediction center (MVP, . )
and the second motion vector prediction center (MVP; ;) is
smaller than a threshold value. The threshold value can be
statistically decided by finding the relation between different
motion vector prediction center differences and different
search ranges, and the most suitable search range to cover the
largest possible prediction result. For example, in the case
more than 80% of the prediction result of the inter prediction
and the inter-layer motion prediction can be covered when the
motion vector prediction center and the search range are both
set to be 8 pixels, then the threshold value can be set to 8
pixels.

[0028] In the case the difference between the first motion
vector prediction center (MVP,,.. ), and the second motion
vector prediction center (MVP,;,,) is smaller than the preset
threshold value, then, in a step 14, the above-mentioned ref-
erence data, enhancement layer, and second motion vector
prediction center are used as a basis to calculate a second
motion vector for use in the inter-layer motion prediction. In
a step 15, the above-mentioned reference data, enhancement
layer, and first motion vector are used as a basis to calculate a
first rate-distortion cost for the inter prediction (RD_Cost for
Inter). In a step 16, the above-mentioned reference data,
enhancement layer, and second motion vector are used as a
basis to calculate a second rate-distortion cost for the inter-
layer motion prediction (RD_Cost for ILM). In a step 17, the
calculated first RD_Cost and second RD_Cost are used as a
basis to select one of the inter prediction and the inter-layer
motion prediction for applying to the SVC system. In the case
the first RD_Cost is smaller than the second RD_Cost, the
inter prediction is applied to the SVC system; on the other
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hand, in the case the first RD_Cost is larger than the second
RD_Cost, the inter-layer motion prediction is applied to the
SVC system.

[0029] In the case a difference between the first motion
vector prediction center (MVP,,,.,) and the second motion
vector prediction center (MVPy;,,) is larger than the preset
threshold value, then, in a step 18, the inter prediction is
selected for applying to the SVC system, and the inter-layer
motion prediction is ignored.

[0030] Please referto FIG. 2 that is a flowchart showing the
steps included in a selective motion vector prediction method
according to a second embodiment of the present invention.
The selective motion vector prediction method in the second
embodiment is applicable to a scalable video coding (SVC)
system. The SVC system is adapted to receive a plurality of
image frames and generates from each of these image frames
a first layer of low resolution and a second layer of high
resolution. For example, the originally received image frame
can be the second layer and referred to as an enhancement
layer. Then, the originally received image frame is down-
sampled to generate an image, which is the first layer and
referred to as a base layer. Alternatively, the originally
received image frame can be the first layer and is up-sampled
to generate an image, which is the second layer. As shown in
FIG. 2, the selective motion vector prediction method in the
second embodiment includes the following steps. In a step
201, an index value 1 is set to zero (0). The index value n is
used to indicate one of a plurality of blocks of the base layer.
In a step 202, an inter prediction is performed based on a
block n of the base layer, in order to obtain a base layer motion
vector. Since the base layer is an image obtained by down-
sampling the original image frame, the base layer motion
vector can be up-sampled to obtain a third motion vector
(MV,,ier51_,) for use in an inter base layer prediction.
[0031] Inastep203,theinter prediction is performed based
on the enhancement layer and a first reference data, so as to
obtain a fourth motion vector prediction center (MVP, ,.,)
and a fourth motion vector (MV,,,.,). Thereafter, in a step
204, the enhancement layer, the first reference data and the
fourth motion vector are used as a basis to calculate the
rate-distortion cost for the inter prediction.

[0032] Ina step 205, it is determined whether a difference
between the third motion vector (MV .., ,,) and the fourth
motion vector prediction center (MVP, .. ) is smaller than a
preset threshold value. If yes, in a step 206, the enhancement
layer, the first reference data, and the third motion vector
(MV,,...,5r ) are used as a basis to calculate the rate-distor-
tion cost for an n™ partition (RD_Cost for partition n) in the
inter base layer prediction; or if no, in a step 207, a second
reference data is read, and the enhancement layer, the second
reference data and the third motion vector MV, ., ,) are
used as a basis to calculate the rate-distortion cost for the n™
partition (RD_Cost for partition n) in the inter base layer
prediction. Then, in a step 208, the calculated RD_Cost for
partitionn is added to previously calculated RD_Costs for the
partition 0, partition 1 . . . and partition n-1. In a step 209, it
1s determined whether the index value n is larger than a preset
value. Ifno, it means there are still other base layer blocks that
have not yet been calculated, thus, in a step 210, the index
value n is added, and then, the step 202 is executed again; of,
if yes, it means all the blocks of the base layer have been
calculated, and a sum of the RD_Costs obtained in the step
208 is also the RD_Cost for the inter base layer prediction.
Therefore, a step 211 is executed to use the aforesaid
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RD_Costs as a basis to select one of the inter prediction and
the inter base layer prediction for applying to the SVC sys-
tem.

[0033] Please refer to FIG. 3 that shows the steps included
in a selective motion vector prediction method according to a
third embodiment of the present invention. As shown, in a
step 30, a first motion vector prediction is performed based on
the first layer, so as to obtain a first motion vector. In a step 31,
a first reference data is obtained. In a step 32, the first motion
vector prediction is performed based on the second layer and
the first reference data, so as to obtain a motion vector pre-
diction center and a second motion vector. In a step 33, a
rate-distortion estimation is performed based on the second
layer, the first reference data, and the second motion vector, so
as to obtain a first rate-distortion cost (RD-cost). In a step 34,
it is determined whether the first motion vector and the
motion vector prediction center satisfy a preset condition.
[0034] In the case the first motion vector and the motion
vector prediction center satisfy the preset condition, then,in a
step 35, a second motion vector prediction is performed based
on the second layer, the first motion vector, and the first
reference data, so as to obtain a third motion vector. In a step
36, the rate-distortion estimation is performed based on the
second layer, the first reference data and the third motion
vector, so as to obtain a second RD-cost. For example, the
above-mentioned preset condition can be that whether a dif-
ference between the first motion vector and the motion vector
prediction center is smaller than a threshold value. Preferably,
the first motion vector prediction is an inter prediction, and
the second motion vector prediction is an inter-layer motion
prediction or an inter base layer prediction. Finally, in a step
37, the first RD-cost and the second RD-cost are used as a
basis to select one of the first motion vector prediction and the
second motion vector prediction for applying to the SVC
system.

[0035] Inthecaseitis determined in the step 34 that the first
motion vector and the motion vector prediction center do not
satisfy the preset condition, the following several steps can be
further performed: (1) directly selecting the first motion vec-
tor prediction for applying to the SVC system; or (2) further
obtaining a second reference data; performing the rate-dis-
tortion estimation based on the second layer, the second ref-
erence data, and the third motion vector, so as to obtain a third
RD-cost; and using the first RD-cost and the third RD-cost as
a basis to select one of the first motion vector prediction and
the second motion vector prediction for applying to the SVC
system.

[0036] From the above explanation, it can be understood
the motion vector prediction can be selected based on the
rate-distortion costs. In the prior art, the following formula (1)
is used to calculate the distortion for the inter prediction, and
the formula (2) is used to calculate the distortion for an
inter-layer residual prediction:

height width (¢))
Diviealis )= Y 3 1CCG, )= Fi, j)

=0 =0

height width 2)

Diic )= ) )" ICUL )= Bl j)=F.

=0 =0

[0037] where,C(i,))is the pixel value of the coding block of
the current frame; B(i,)) is the residual value of the base layer
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after up-sampling thereof; F(i,j) is the pixel value of the
reference frame; height and width respectively represent the
height and width of the current frame; Djyrzz(i,) is the
distortion for the inter prediction; and D, (1) is the distor-
tion for the inter-layer residual prediction.

[0038] As can be observed from the formulas (1) and (2),
the only difference between the distortion estimation for the
inter-layer residual prediction and for the inter prediction lies
in that whether or not the residual value of the base layer after
the up-sampling thereof is subtracted from the data of the
current macroblock; and, both types of distortion estimation
use the same reference frame. Thus, in the present invention,
there is proposed a motion estimation device 44 for calculat-
ing the distortion for the inter-layer residual prediction at the
same time the distortion for the inter prediction is calculated,
so that the number of times for repeatedly accessing the
reference data can be reduced, and the cost of and the power
consumed by memory access can also be reduced.

[0039] Please refer to FIG. 4 that is a conceptual view
showing the operation of the motion estimation device 44
according to the present invention. The motion estimation
device 44 1s applicable to the scalable video coding (SVC)
system that is able to perform both the inter prediction and the
inter-layer residual prediction. As shown, the motion estima-
tion device 44 includes an access element 441, a first sub-
tracter 442, and a second subtracter 443. The access element
441 reads from a memory 40 of the SVC system a first block
data 411 of a current frame 41, a second block data 421 of a
reference frame 42, and a residual data 43. First, the first
subtracter 442 calculates a first difference 45 between the first
block data 411 and the second block data 421. An absolute
value of the first difference 45 is output for use in the distor-
tion estimation for the inter prediction. Then, the second
subtracter 443 calculates a second difference 46 between the
first difference 45 and the residual data 43. An absolute value
of the second difference 46 is output for use in the distortion
estimation for the inter-layer residual prediction. The operat-
ing principle of the motion estimation device 44 can be
expressed by the following fornula (3):

height width 3
D

Dipres(i, ) = Z ICU, = FUi, ) =BG, jl
=

[0040] In calculating the second difference 46, it is not
necessary for the access element 441 to read the second block
data 421 of the reference frame 42 from the memory 40.
Therefore, the objects of the present invention can be
achieved.

[0041] Please refer to FIG. 5 that is a flowchart showing the
steps included in a motion estimation method according to the
present invention. The motion estimation method is appli-
cable to the SVC system that separately uses the inter predic-
tion and the inter-layer residual prediction to perform motion
vector prediction for a current frame. As shown, in a step 51
of the motion estimation method, a reference frame and a
residual data are received. In a step 52, the current frame and
the reference frame are used as a basis to calculate a first
difference; and an absolute value of the first differenceis used
in a distortion estimation for the inter prediction. Then, in a
step 53, the first reference and the residual data are used as a
basis to calculate a second difference; and an absolute value
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of the second difference is used in a distortion estimation for
the inter-layer residual prediction.

[0042] The present invention has been described with some
preferred embodiments thereof and it is understood that many
changes and modifications in the described embodiments can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A selective motion vector prediction method applicable
to scalable video coding (SVC) system, the SVC system
being adapted to receive an image frame and generate from
the image frame a first layer of low resolution and a second
layer of high resolution, the method comprising the steps of:

performing a first motion vector prediction based on the

first layer, so as to obtain a first motion vector;
obtaining a first reference data;

performing the first motion vector prediction based on the

second layer and the first reference data, so as to obtain
a motion vector prediction center and a second motion
vector;

performing a rate-distortion evaluation based on the sec-

ond layer, the first reference data, and the second motion
vector, so as to obtain a first rate-distortion cost (RD-
cost);

determining whether the first motion vector and the motion

vector prediction center satisfy a preset condition;
in the case the first motion vector and the motion vector
prediction center satisfying the preset condition, per-
forming a second motion vector prediction based on the
second layer, the first motion vector, and the first refer-
ence data, so as to obtain a third motion vector;

performing the rate-distortion evaluation based on the sec-
ond layer, the first reference data and the third motion
vector, so as to obtain a second rate-distortion cost (RD-
cost); and

using the first RD-cost and the second RD-cost as a basis to

select one of the first motion vector prediction and the
second motion vector prediction for applying to the SVC
system.

2. The selective motion vector prediction method as
claimed in claim 1, wherein, in the case the first motion vector
and the motion vector prediction center do not satisfy the
preset condition, the first motion vector prediction is selected
for applying to the SVC system.

3. The selective motion vector prediction method as
claimed in claim 1, wherein the first motion vector prediction
is an inter prediction.

4. The selective motion vector prediction method as
claimed in claim 1, wherein the second motion vector predic-
tion is an inter-layer motion prediction.

5. The selective motion vector prediction method as
claimed in claim 1, wherein the first layer is a base layer and
the second layer is an enhancement layer; and the base layer
is obtained by down-sampling the enhancement layer.

6. The selective motion vector prediction method as
claimed in claim 1, wherein the second motion vector predic-
tion is an inter base layer prediction, and the third motion
vector is equal to the first motion vector.

7. The selective motion vector prediction method as
claimed in claim 6, further comprising the following steps in
the case the first motion vector and the motion vector predic-
tion center do not satisfy the preset condition:
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obtaining a second reference data;

performing the rate-distortion evaluation based on the sec-
ond layer, the second reference data, and the third
motion vector, so as to obtain a third RD-cost; and

using the first RD-cost and the third RD-cost as a basis to
select one of the first motion vector prediction and the
second motion vector prediction for applying to the SVC
system.

8. The selective motion vector prediction method as
claimed in claim 1, wherein the preset condition is that
whether or not a difference between the first motion vector
and the motion vector prediction center is smaller than a
threshold value.

9. A motion estimation method applicable to scalable video
coding (SVC) system, the SVC system separately using an
inter prediction and an inter-layer residual prediction to per-
form a motion vector prediction for a current frame, the
motion estimation method comprising the steps of:

receiving a reference frame and a residual data;

using the current frame and the reference frame as a basis

to calculate a first difference for use in a distortion esti-
mation for the inter prediction; and

using the first difference and the residual data as a basis to

calculate a second difference for use in a distortion esti-
mation for the inter-layer residual prediction.

10. The motion estimation method as claimed in claim 9,
wherein the residual data is a prediction residual value
obtained from an up-sampling of a base layer generated by the
SVC system.
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11. The motion estimation method as claimed in claim 9,
wherein the reference frame is a previous frame relative to the
current frame.

12. A motion estimation device applicable to scalable
video coding (SVC) system, the SVC system storing a current
frame, a reference frame, and a residual data therein, and
separately using an inter prediction and an inter-layer residual
prediction to perform a motion vector prediction for the cur-
rent frame, the motion estimation device comprising:

an access element for reading a first block data of the
current frame, a second block data of the reference
frame, and the residual data;

a first subtracter for calculating a first difference between
the first block data and the second block data, and the
first difference being output for use in a distortion esti-
mation for the inter prediction; and

a second subtracter for calculating a second difference
between the first difference and the residual data, and the
second difference being output for use in a distortion
estimation for the inter-layer residual prediction.

13. The motion estimation device as claimed in claim 12,
wherein the residual data is a prediction residual value
obtained from an up-sampling of a base layer generated by the
SVC system.

14. The motion estimation device as claimed in claim 12,
wherein the reference frame is a previous frame relative to the
current frame.



