Office de la Propriete Canadian CA 2779486 C 2016/06/07

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 779 486
Findustrie Canada Industry Canada 12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(22) Date de depot/Filing Date: 2003/09/05 (51) Cl.Int./Int.Cl. HO4N 11/02 (2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2004/03/06 (72) Inventeurs/inventors:

NAKAGAWA, AKIRA, JP;
MIYOSHI, HIDENOBU, JP

(73) Propriéetaire/Owner:
(30) Priorites/Priorities: 2002/09/06 (JP2002-261427); FUJITSU LIMITED. JP

2003/08/07 (JP2003-289350
| ) (74) Agent: FETHERSTONHAUGH & CO.

(45) Date de delivrance/lssue Date: 2016/06/07
(62) Demande originale/Original Application: 2 591 655

(54) Titre : DISPOSITIF DE CODAGE DE FILM CINEMATOGRAPHIQUE ET DISPOSITIF DE DECODAGE DE FILM
CINEMATOGRAPHIQUE
(54) Title: MOTION PICTURE ENCODING DEVICE AND MOTION PICTURE DECODING DEVICE

/ ' 280
282
/— 281 /

THIRD CHROMINANCE HOT!ON
LUKINANCE WOTION VECTOR VECTOR GENERATION UNIT \ o on vecton o TOMIRARGE
(MV_x, MV_y) (MVC3_x, MVC3_y) = (MVC3_x, MVC3_y)

MV _x./2 MV_y./2—1/4)
| |

(57) Abrege/Abstract:

VWhen a prediction Is made between fields with different parity, the predicative efficiency of a chrominance vector Is improved by
adaptively switching the generation of a chrominance motion vector depending on a encoding/decoding field parity (top/bottom)
and a reference field parity (top/bottom), and the coding efficiency Is improved accordingly.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02779486 2012-06-08

Abstract of the Disclosure

When a prediction 1s made between fields with

different parity, the predicative efficiency of a
chrominance vector is i1mproved by adaptively switching

the generation of a chrominance motion vector depending

on a encoding/decoding field parity (top/bottom) and

a reference field parity (top/bottom), and the coding

=

efficiency 1s 1mproved accordingly.
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Motion Picture Encoding Device and Motion Picture Decoding

Device

This 1s a divisional application of Canadian Patent

Application Serial No. 2,591,655, which is a divisional of

O Canadian Patent Application Serial No. 2,439,886 filed on
September 5, 2003.

Background of the Invention

Field of the Invention

The present 1nvention relates to a motion picture

10 encoding device and a motion picture decoding device, which

have an 1nter-field prediction mode.

Description of the Related Art

Generally, motion picture data 1s large 1n size.

Therefore, when motion picture data 1s transmitted from a

15 transmitting device to a receiving device or when it is stored
1n a storage device, highly efficient encoding 1is applied to
motion picture data. In this case, “highly efficient encoding”

1s an encoding process of converting a specific data string

into another data string, and compressing the amount of data.

20 There are two types of motlon picture data: one 1s

g

mailnly composed of only frames and the other is composed of

fields. A prior art for compressing a field i1mage 1s mainly

described below.

As the highly efficient encoding method of motion

25 picture data, a frame/field prediction encoding is known.

F'ig. 1 shows a block diagram of the configuration
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of the frame/field predictive encoding device}

This encoding method utilizes the fact that a

i

plurality of segments of motion picture data has high

correlation in a time direction with each other. The
operation shown in Fig. 1 i1s roughly described below.
A subtracter 39 generates a differential 1mage between
an inputted original image and a predicted 1mage, and
an orthogonal transform unit 31, a quantization unit
32 and a coefficient entropy encoding unit 40 encode

the differential image. An inverse quantizatilion unit

33 and an inverse orthogonal transform unit 34 reproduce

thedifferential image fromtheoutputof thequantization

unit 32. Then, a decoded image generationunit 35 decodes

the encoded imageusing the reproduceddifferential 1mage

reproduced by the decoded image generation unit 35 and

thepredicted imageusedat the timeof encoding. Adecoded

image storage unit 36 stores the reproduced i1mage. Then,
motion vector calculation unit 37 calculates a motion
vector between the reproduced image and a subsequent
input image, and a predicted image generation unit 38
generates a predicted image using the motion vector.
The generatedmotion vector is encodedby a vector entropy

encodingunit 4l and isoutputted through aMUX 42 together

with the encoded coefficient data encoded by the

coefficient entropy encoding unit 40. In other words,
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since in motion picture data, there i1s generally high
similarity between frame/field data at a specific time

and frame/field data at a subseguent time, the

inter-frame/field predictive encoding method utilizes
such a property. For example, in a data transmission
system adopting the inter-frame/field predictive
encoding method, a transmitting device generates motion

vector data indicating displacement from previous

frame/field 1mage to a target frame/field image, and
differential data between a predicted 1mage in the target
frame/field which 1s generated from the previous
frame/field image using its motion vector data and a
real image in the target frame/field, and transmits the
motion vector data and the differential data to a
receiving device. The receiving device reproduces the
image in the target frame/field from the received motion
vector data and differential data.

So far, the summary of the frame/field predictive

encoding has been described with reference to Fig. 1.

Next, frame predictive encoding and field predictive

encoding are described below.

Figs. 2 and 3 show a format used to encode a field

image that is commonly used in ISO/IEC MPEG-2/MPEG-4

(herelnafter called “MPEG-2" and “MPEG-4",

respectively) and the final committee draft of ITU-T
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H.264/1SO/IEC MPEG-4 Part 10 (Advanced video coding

(AVC)) ("Joint Final CommitteeDraft (JFCD) ot JointVideo

Specification (ITU-T REC, H.264|ISO/IEC 14496-10 AVC) ",

JVT-D157, or ISO/IEC JTC1/S029/WG1l1l MPEG02/N492, July

2002, Klagenfurt, AT) (hereinafter called “AVC FCD”),

which ITU-T and ISO/IEC jointly were standardizling as

of August 2002. Specifically, each frame 1is composed

of two fields: a top field and a bottom field. Fig. 2

shows the respective positions of a luminance pixels

and a chrominance pixels, anda field to which each pixel
belongs. As shown in Fig. 2, odd number-ordered luminance
lines, such as a first luminance line (50a), a third
luminance line (50b), a fifth luminance line (250c), a
seventh luminance line (50d), etc., belong to the top

field, and even number-ordered lines, such as a second

luminance line (5l1la), a fourth luminance line (51b),
3 sixth luminance line (51c), a eighth luminance line
(51d), etc., belong to the bottom field. Similarly, odd
number-ordered chrominance lines, such as a first
chrominance line (52a), a third chrominance line (52b},
etc., belong to the top field, and even number—ordered

chrominance line, such as a second chrominance (253a),

a fourth chrominance line, etc., belong to the bottom

field.

Eachof the topandbottom fields indicates an 1image
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at adifferent time. Next, the time/spatial disposition

of the top and bottom fields is described with reference

to Fig. 3.

In Figs. 3 and after, the technology of the present

invention relates to the vertical component of a motion
vector. Therefore, in this specification, horizontal
pixel components are not shown, and all the horizontal
components of the motion vector are assumed to be 0 for
convenience sake. However, in order to show conventional
problems and the effects of the present invention, the
positional relation between luminance and chrominance
in each field is accurately shown.

In Fig. 3, the vertical and horizontal axes
represent the pixel position of a vertical component
in each field and the elapse of time, respectively. Since
there is no positional change ina fieldof the horizontal
component of each image, in Fig. 3, its horizontal pixel
component is not shown nor 1s described.

As shown in Fig. 3, the pixel position of a

chrominance component deviates from the pixel position

ina field of a luminance component by a quarter vertical
pixel. This is because relationship of pixel positions

as shown in Fig. 2 is achieved when a frame is constructed

yrr

from both Top and Bottom fields. If 1t 1s based on a

NTSC format, each time interval between adjacent top
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and bottom fields (64a: 65a, 65a: 64b, etc.) 1s

d

approximately 1/60 seconds. Each time interval between
two consecutive top fields (64a: 64b, etc.) or between
two consecutive bottom field (65a: 65b, etc.) are

approximately 1/30 seconds.

Next, the frame predictive encodingmode of a field

image and its fieldprediction, which is adopted in MPEG-2

and AVC FCD, are described.

Fig. 4 shows amethod for constructinga frame using

two consecutive fields (adjacent top and bottom fields)

in a frame predictive mode.

As shown in Fig. 4, a frame is reconstructed by
two time-consecutive fields (top and bottom fields).

Fig. 5 shows a frame predictive mode.

In Fig. 5 it is assumed that each frame, such as
84a, 84b, 84c, etc., 1s already reconstructed by two

consecutive fields (top and bottom fields), as shown

in Fig. 4. In this frame predictive mode, a frame to

pr—

be encoded which is composed of top and bottom fields

is encoded. As a reference image, one reference frame

is constructed by two consecutive fields (top and bottom

fields) stored for reference use, and is used to predict
the target frame to be encoded. Then, these two frame

images are encoded according to the process Ilow shown

in Fig. 1. In the expression method of a motion vector
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of this frame predictive encoding mode, a zero vector,
that is, (0,0) indicates a pixel located in the same

spatial position. Specifically, the motion vector (0, 0)

of a luminance pixel 82 that belongs to frame#Z (84Db)

pr—
=

5 indicates the pixel position 81 of frame#l (84a).

Next, a field predictive encoding mode 1S

described.

Fig. 6 shows a predictive method in an inter-field

predictive mode.

10 In a field predictive mode, an encoding target 1s
one top field (%94a, 94b, etc.) or bottom field (9oa,

95b, etc.) that is inputted as an original 1mage. AS

a reference image, a top field or bottom field that 1is

stored before can be used. In this case, it is generally

15 defined that the fact that anoriginal image field parity

and a reference field parity are the same means that

the original 'image field and the reference field both

are top fields or bottom fields. For example, 1n a

prediction 90 between fields with the same parity shown

20 in Fig. 6, an original image field (94b) and a reference

field (94a) both are top fields. Similarly, 1t 1is

generally defined that the fact that an original lmage

field parity and a reference field parity are different

o 4

means that one of original image and reference fields

25 isatopfieldandtheotherisabottomfield. For example,
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in a prediction 91 between different parity fields shown

in Fig. 6, the original image field is a bottom field

(95a) and the reference field is a top field (94a) . Then,
these original image and reference fields are encoded

according to the process flow shown 1n Fig. 1.

In the prior art, in both frame and field modes,

2 motion vector is calculated based on a pixel position
in each frame/field. Here, a conventional motion vector
calculation method and a conventional pixel
corresponding method used when a motion vector 1s given

are described.

Fig. 7 defines the coordinates of a frame/field
image widely used in MPEG-2 coding, MPEG-1 coding, AVC

FCD coding, etc. White circles in Fig. 7 are pixel

definition positions 1in target frames/fields. 1In the
coordinates of this frame/field image, the upper lelt

corner is designated as the origin (0,0), and values

1, 2, 3, etc., are sequentially assigned to Dboth

horizontal and vertical pixel definition positions.
Specifically, the coordinatesor a pixel that are located

2t the n-th horizontal position and the m—-th vertical

position are (n,m). Similarly, the coordinates of a
position interpolated among the pixels are also defined.
Specifically, since a position 180 marked with a black

circleinFig. 7is locatedat 1l.5pixels in the horizontal
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direction from the pixel located in the upper lelt corner

and at 2 pixels intheverticaldirection, the coordinates

of the position 180 is expressed as (1.5, 2). Ina field

image, there are only a half ot the pixels of a frame
image in the vertical directlon. However, even in this
case, the coordinates of a pixel are defined in the same

way as in Fig. 7, based on pixel positions located 1n

each field.

Next, the definition of a motion vector between

fields is described using the coordinate system shown

in Fig. 7.
Fig. 8 shows a conventional calculation method of
4 motion vector between corresponding pixels between

fFields. The definition of a motion vector requires the

N

cNNCEe

positionof a coding field and the position of a refer
field. Amotion vector isdefinedbetween these two polnts.

Thus, a motion vector between a coding field coordinates

201 (X.,Y.) and a reference field coordinates 202 (Xg, Y4)

is calculated. In the conventional calculation method

i,

of a motion vector between pixels corresponding to

~

hetween-fields, a motion vector is calculated by the

same method described below, regardless of whether the

coding fieldor referencefieldisatop fieldor abottom

field. Specifically, coding field coordinates 201 (X5, Ys)

and reference field coordinates 202 (Xg, Yq) are inputted
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10

to a motion vector calculation unit 200, and as a motion
vector 203 between these two points, (Xg—Xs, Ya—Ys) 1S
given.

Fig. 9 shows a conventional method for calculating

apixel that is pointedby amotionvector defined between

fields. In this case, it is assumed that a motion vector

is calculated by the method shown in Fig. 8. The
calculation of reference frame/field coordinates

requires acoding frame/fieldpositionand amotionvector.

Tn the case shown in Fig. 9, it is assumed that a motion
vector 211 (X,Y) is given for coding field coordinates
212 (X.,Ys), and reference field coordinates can be

calculated using both the motion vector 212 (X,Y) and

the coding field coordinates 212(Xs,Ys). In the

conventional calculation method of a motion vector

between correspondingpixelsbetween fields, are ference
fieldposition is calculatedby the same method described

below, regardless of whether the coding field or

reference field is a top field or a bottom field.

Specifically, a motion vector 211 (X,Y) and coding field

~oordinates 212 (X.,Ys) are inputted to a pixel

corresponding unit 210, and as reference fileld

coordinates 213, coordinates (Xs+X,Ys+tY) 1is given.

The definition of the relation between a vector

andapixel positionapplies tobotha luminance component
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and chrominance component. In MPEG-1/MPEG-2/AVC FCD,
which all are general motion picture encoding methods,
only the vector of a luminance component is encoded,
and the vector of a chrominance component is calculated
5 by scaling down the lumlnance component. Particularly,
in AVC FCD, since the number of vertical pixels and that
of horizontal pixels of a chrominance component are a
half of those of a luminance component, respectively,

it is specified that a motion vector used to calculate

10 the predictive pixel of a chrominance component should

be obtained by accurately scaling down the motion vector

of the luminance component to a half.

Fig. 10 shows a conventionalmethod for calculating

5 chrominance motion vector using a luminance motion

15 vector.

Specifically, if a luminance motion vector 221 and

achrominancemotionvector222are (MV_x,MV_y) and (MVC_X,

MVC y), respectively, a chrominance motion vector
generation unit 220 can calculate a chrominance motion
50 vector 222 according to the following equation.
(MVC x, MVC y) = MV x/2,MV_y/2) (1)
This conventional calculation method can be used

regardless of whether a motion vector 1s used for

predicttionbetweenfieldswiththe same parityor between

I F)
e

ferent parity.

25 fields with di:
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In AVC FCD, as the accuracy of the motion vector

p—
—e-

of a luminance component, 1/4 pixel accuracy can be

applied. Therefore, as a result of equation (1), as the
accuracy of themotionvector ot a chrominance component,
a2 vector having 1/8 pixel accuracy, that 1s, accuracy
at the decimal fraction, can be used.

Fig. 11 shows the calculation method of the
interpolated pixel of a chrominance component that 1s

defined i1in AVC FCD.

In Fig. 11, a black circle and a white circle
represent an integer pixel and an interpolated.pikel,
respectively. In thils case, the horizontal coordinate
of an interpolatedpixel G(256) is obtainedby internally
dividing each horizontal coordinate between polnts

A(250) and C(252) at a ratio a:l-a, and the vertical

coordinate can be obtained by internally dividing each

vertical coordinate between points A(250) and B(251)

at B:1-B. In this case, o and B are a value between O

and 1. An interpolated pixel G(256) defined by such

positions can be roughly calculated as follows using

integer pixels A(250), B(251), C (252) and D(253), which
are located around the interpolated pixel G(256), and
using o and .
c= (1-o) - (1-B)*A + (1-a) BB+ o (1-B):C+ a-B-D
(2)
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amd
—

The interpolated pixel calculation method oI a

chrominance component, using the method shown in Fig.
11 is just one example, and there is no problem in using

another calculation method.

In the case of this field encoding mode, 1n a

prediction in which an original 1mage field and a

reference field are different, that 1s, between fields
with different parity, the respective zero vectors of
the motion vector of a luminance component and that of

achrominance component arenotparallel inthe definition

of AVC FCD. Specifically, if a prediction is made using
the motion vector ‘of a chrominance component calculated
usingthemotion vectorof a luminance component according
t6 the conventional definition, a pixel located 1n a
position spatially deviated from that of the luminance
component is to be referenced. This fact is described

belowwith reference to Fig. 12. In Fig. 12, it is assumed

that a top field 130, a bottom field 131 and a top field

132 continue timewise. In this case, bottom field 131
is to be encoded using top field 130. In this inter-field

encoding, the vertical motion vector in the same line

of each field is defined to be zero. Therefore, 1f a

zero vector (0,0) is assigned to a luminance pixel 133a

—

that belongs to the second line of bottom field 131,

this pixel can be predicted from a pixel 13>a in top
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fie1ld130. Similarly, whena zerovector (0,0) 1is assigned

to a chrominance pixel 133a which belongs to the first

line of the bottom field 131, this pixel is predicted
from the pixel 137a which 1is 1n the first line ot

chfominance of the top field 130.Similarly, a luminance

pixel 133b in the third line and a chrominance pixel
134b, which belong to top field 132 are predicted from
pixels 135b in the third line of luminance and 137b 1n

the second line of chrominance 1in bottom field 131,

respectively. Since essentially 1t is preferable that

5 chrominance motion vector and a luminancemotion vector
are parallel, chrominance pixels 134a and 134b should
be predicted from the positions 136a and 136D,

respectively, if a luminance motion vector is as 1t 1s.

As described earlier, 1in a prediction between
fieldswithdifferentparity, the fact that therespective

serovectorsof luminance andchrominance arenotparallel

is explained. In the case of AVC FCD, this fact causes

the following problems for all vectors in a prediction

hetween fields with different parity. Figs. 13 and 14

show such problems. Problems 1n the case of AVC FCD are

described below. In the explanation below, a horizontal

component of a motion vector is set to zero 1in all cases

for brevity.

Fig. 13 shows a conventional problem caused 1 a
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15

chrominance motion vector 1is convéntionally calculated

using a luminance motion vector when a reference fleld

and a coding field are a bottom field and a top field,

respectively. InAVC FCD, since, as isclear fromequation

5 (1), it is specified that the number of vertical and

horizontal pixels of a chrominance component are a half

of those of a luminance component, a motion vector used

tocalculate the predictive pixel of a chrominance should

be scaleddown toahalfof themotionvector of a luminance

10 component. This is regardless of whether a motion vector

is used for prediction between frames, between fields

with the saine parity or between fields with different
parity.

It is shown below that this definition causes a

15 problem when a chrominance motion vector 1is calculated

using a luminance motion vector defined between fields

with different parity. In Fig.'tlB, a coding field top

field luminance pixel 140 in the first line has (0,1)

as a predictive vector, and as a result, it points to a

20 bottom reference field luminance pixel position 141 in

the second line as a predictive value.

In this case, a chrominance motion vector that
belongs to the same block is calculated to be (0,1/2),
according to equation (1). If a prediction is made using

25 motion vector (0,1/2) as a predictive value of a coding
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10

-ield chrominance pixel 142 in the first line,

field top:

a pixel position 143 1is used as predicted value, whilch

<hifts downward by half a pixel from a pixel in the first

1ine of a bottom reference field chrominance component.

5 In this case, a luminance motion vector (0,1) and -

4 chrominance vector (0,1/2) are not parallel. It is

preferable to use a bottom reference field chromlnance
predictive pixel position 145 to which a chrominance

motion vector parallel to a luminance motion vector 1s

10 applied.

Fig. 14 shows a conventlonal problem caused 1f a
chrominancemotionvector iscalculatedus ing a luminance
notion vector when a reference field and a coding field
are a top field and a bottom field, respectively. AS

15 described in Fig. 13, in Fig. 14, a bottom coding field
luminance pixel 150 in the first line has (0,1) as a

predictive vector, andas a result, it points a reference

top field Jluminance pixel position 151 1in the second

line as a predictive value.

20 Tn this case, a chrominance motion vector that

belongs to the same block 1s calculated to be (0,1/2),

according to equation (1). IT a prediction is made using

notion vector (0,1/2) as a predictive value of a bottom

coding field chrominance pixel 152, a pixel position

1}

55 153 is used as predicted value which 1is shifted by hal:
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a pixel from a TOp reference field chrominance pixel
position 153 in the first line.
In this case, a luminance motion vector (0,1) and

4 chrominance vector (0,1/2) are not parallel. It 15

preferable to use a top reference field chrominance

predictive pixel position 155 to which a chrominance

motion vector parallel to a luminance motion vector is

applied.

As described above, if a reference field parity
and a coding field parity are different, according to
the conventional predictive method, a pixel located 1in
the positionof a luminance component spatially deviated
fromthat of the chrominance component is to be referenced,
and a predictive image, in which a pixel located in the
position of a luminance éomponent is spatially deviated
from that of the chrominance component, 1s generated
not only for a zero vector but for all the vectors. Note
that, in the above explanation, vectors are said to be
parallel or not parallel by considering the case where

the direction in time of a luminance motion vector and

a2 chrominance motion vector, that is, time direction

from coding field to reference field 1in included 1n a

motion vector. The same 1is true below.
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Summary of the Invention

According to an aspect of the present 1nvention,
there is provided a motion picture decoding method for making
an inter-field motion compensation prediction of and executing

a decoding process on a motion picture signal by using a motion

vector in which a reference field i1s a bottom fileld and a

decoding field is a top field, each of whose frames 1s composed

of two fields and the number of pixels of a chrominance
vertical component is different from the number of pixels of a
luminance vertical component, wherein when a horizontal

component and a vertical component of a luminance motion vector

indicating the vertical displacement of one luminance pixel of

a field image by a value "1" of a vertical component of the
luminance motion vector as units are MVx and MVy, respectively,
and a horizontal component and a vertical component of a

chrominance motion vector indicating the vertical displacement

of one chrominance pixel of a field image by a value "1" of a
vertical component of the chrominance motion vector as units
are MVCx and MVCy, respectively, the inter-field motion

compensation prediction is calculated as follows:
(MVCx, MVCy) = (MVx/2, MVy/2 - 0.25), and

the decoding is conducted by using the inter-field motion
compensation prediction to make a generated chrominance motion

vector and a generated luminance motion vector parallel.

According to another aspect of the present invention,

there is provided a motion picture decoding device for making
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18a

an inter-field motion compensation prediction of and executing

a decoding process on a motion picture signal by using a motion

vector in which a reference field is a bottom field and a

—
p—

decoding field is a top field, each of whose frames 1s composed

P

of two fields and the number of pixels of a chrominance

h
AT

vertical component is different from the number of pixels o:

vertical luminance component, the motion picture encoding

device comprising: means for calculating the inter-field

A

motion compensation prediction as follows:
(MVCx, MVCy) = (MVx/2, MVy/2 - 0.25),

where a horizontal component and a vertical component of a

I 1)

luminance motion vector 1ndicating the vertical displacement o:

one luminance pixel of a field i1mage by a value "1" of a

—

vertical component of the luminance motion vector as units are

MVx and MVy, respectively, and a horizontal component and a
vertical component of a chrominance motion vector 1ndicating

the vertical displacement of one chrominance pixel of a field

image by a value "1" of a vertical component of the chrominance
motion vector as units are MVCx and MVCy, respectively; and
decoding means for decoding the motion picture signal by using
the inter-field motion compensation prediction to make a
generated chrominance motion vector and a generated luminance

motion vector parallel.

Some embodiments may provide a motion picture

encoding device and a motion picture decoding device capable of

particularly improving predictive efficiency of a chrominance

component and improving encoding efficiency accordingly, 1n

encoding between different field 1images.
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18b

In another aspect, a motion pilicture encoding device

for making an inter-field motion compensation of a motion
pilcture signal composed of a plurality of fields comprises a
plurality of chrominance motion vector generation units
generating a chrominance motion vector using a lumlinance motion
vector 1in a motion picture encoding device; and a selection
unit selecting one of the chrominance motion vector generation
units used to generate a chrominance vector, using the
reference field parity and coding field parity of a motion
vector. The chrominance motion vector generation unilit selected

by the selection unit generates the chrominance predictive

vector, based on the motion vector information of luminance

information.

In another aspect, a motion picture decoding device
for making an inter-field motion compensation of a motion
picture signal composed of a plurality of fields comprises a

plurality of chromlnance motion vector
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generation units generating a chrominance motion vector
from a luminance motlon vector; and a selection unit
selectingoneof thechrominancemotion vector generation
units used to generate a chrominance vector, using the
reference fieldparityandcoding fieldparityofamotion
vector. The chrominance motion vector generation unit
selected by the selection unit generates the chrominance
predictive vector, basedonthemotionvector information
of luminance information.

According to some embodiments, since a
chrominancemotionvectorwhichisgeneratedbyasuitable
method based on parities of a encoding/decoding field
and a reference field, 1s used, the discrepaﬂcy of the
chrominance motion vector caused by the difference of

go—-

arrangement, or the way of assignment to a top and a

bottom field of luminance pixels and chrominance pixels,
1s resolved.

Additionally, by some embodiments, a
chrominancemotion vectorwh.ich isparallel toaluminance
motion vector is obtained even in the case of fields

with different parity, and the problem of a shift of

reference pixel position between luminance components

and chrominance components 1n the conventional method,

1s resolved.
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Brief Description of the Drawings

1)

Fig. 1 shows the configuration oI an inter—-frame
predictive encoding device;

Fig. 2 shows the respective positions of luminance

5 2nd chrominance pixels and a field to which each of them

belongs;

Fig. 3 shows the respective vertical time and
spatial positions of luminance and chrominance plxels
in a field 1image;

10 Fig. 4 shows the relation between a field and a

frame in a frame encoding mode;
Fig. 5 shows a predictive method 1n an inter—-frame
predictive encoding mode;
Fig. 6 shows a predictive method in an inter-field
15 predictive mode;
Fig. 7 shows the coordinates oI a field image;
Fig. 8 shows the conventional calculation method
of a motion vector between corresponding plxels between
fields;
20 Fig. 9 shows the conventional calculation method
of a pixel pointed by a motion vector;

Fig. 10 shows a conventional method for calculating

52 chrominance motion vector, using a luminance motion

vector;

25 Fig. 11 shows the calculation method of an
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interpolated pixel of a chrominance component;

Fig. 12 shows the principle of conventional direct
mode for explaining a zero vector between fields with
different parity;

Fig. 13 shows a conventional problem caused 1f a
chrominancemotionvectoriscalculatedusinga luminance
motion vector when a reference field and a coding field

are a bottom field and a top field, respectively;

Fig. 14 shows a conventional problem caused 1f a
chrominancemotionvector iscalculatedusinga luminance
motion vector when a reference field and a coding field
are a top field and a bottom field, respectively;

Fig. 15 shows the method for generating a
chrominance motion vector, using a luminance motion
vector in an embodiment of the present invention;

Fig. 16 shows the operation of one preferred
embodiment of the first chrominance motion vector
generation unit of the present invention;

Fig. 17 shows the operation of one preferred
embodiment of the second chrominance motion vector

generation unit of the present invention;

Fig. l8istheoperationofonepreferred embodiment

of the third chrominance motion vector generation unit

of the present invention;
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Fig.19istheoperationofonepreferredembodiment

of the selection unit of the present invention;

Fig. 20 1s one example of an embodiment of the present invention
which calculates a chrbminance motion vector using a
5 luminance motion vector when a reference fielq and a
coding field are bottom and top fields, respectively;
and
Fig. 21 is one example of an embodiment of the present invention
which calculates a chrominance motion vector using a
10 luminance motion vector when a reference field and a
coding field are top and bottom fields, 'respectively. |
Fig. 22 shows the operation of another preferred
embodiment of the first chrominance motion vector
generation unit of the present invention;
15 Fig. 23 shows the operation of another preferred
enmbodiment of the second chrominance motion vector

generation unit of the present invention;

Fig. 24 1s the operation' of another preferred
embodiment of the third chrominance motion vector

20 generation unit of the present invention;

Description of the Preferred Embodiments

Firstly, the principle of coding in the present

25 invention 1s described.
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The motion picture encoding device of the present

invention for making the inter-fieldmotion compensation

of a motion picture signal composed of a plurality of

fields comprisesapluralityof chrominance motionvector

generationunits generating a chrominance motion vector

using a luminance motion vector; and a selection unit

selectingoneof thechrominancemotionvector generation

units used to generate a chrominance vector, using the

respective parity of the reference field and a coding

N

field of a motion vector. The chrominance motion vector
generationunit selected by the selectionunit generates

the chrominance predictive vector, based on the motion

vector information of lumlnance information.

Tf 3 chrominance motion vector from a coding field

to a reference field is parallel to a lumlnance motion

vector from the coding field to the reference field,
the spatial shift of the lumilinance motion vector and
that of the chrominance motion vector become the same,
that is, the relation of the spatial positions of the
luminancemotionvector and the chrominancemotionvector

is preserved, then the color displacement between fields

dlisappears.

Here, the important thing is that, in conventional

—

method, even if the luminance motion vector 1s parallel

to the chrominance motion vector based on a mathematical



10

15

20

29

CA 02779486 2012-06-08

24

expression, each does not become parallel when those
vectors are mapped on relations between luminance pl1xels
and between chrominance pixels which compose each field.

The plurality of chrominance motioﬁ vector
generation units include the three following types.'

A first chrominance motion vector generation unit
is selected by the selection unit when a reference field
and a coding field have the same parity. A second

chrominance motion vector generation unit 1s selected

by the selection unit when a reference field and a coding
field are a top field and a bottom field, respectively.

A third chrominance motion vector generation unit 1s

selected by the selection unit when a reference field
and a coding'field.are:aﬁbottom.field.and.a top field,
respectively.

A method for calculating a chrominance motion
vector parallel to a lumlnance motion vector depends
on the coding field parity and reference field parity
of a luminance motion vector. The calculation method

differs in the following three case: a Case where the

coding field parity and reference field parity are the

same, a case where the coding field and reference field

are top and bottom fields, respectively, and a case where

the coding field and reference field are bottom and top

fields, respectively. Therefore, 1n the present
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invention, an optimal one is selected from the three

p—

types of chrominance motion vector generation units

calculating a chrominance motion vector parallel to a
luminance motion vector, depending on the coding field

5 and the reference field, and a chrominance motion vector

is generated.

Specifically, if the reference field parity and
coding field parity are the same, the first chrominance
motion vector generation unit calculates a chrominance

10 motionvectorasfollows, assumingthataluminancemotion

vector indicating the vertical displacement of one
luminance pixel of a field image by the value "1" of
the vector component as units and a chrominance motion
vector indicating the vertical displacement of one
15 chrominance pixel of a field image by the value "1" of
the vector component as units are MVy and MVCy,

respectively.

MVCy = Mvy/2 (3)

If the reference field parity and coding field

20 parityare topandbottomfilields, respectively, the second
chrominance motion vector generation unit calculates
a chrominance motion vector as follows, assuming that
3 luminance motion vector indicating the vertical

F
o

displacement of one luminance pixel of a fleld image

ﬁ

25 by the value "1" of the vector component as units and
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4 chrominance motion vector indicating the vertical

pr—=

displacement oIl one chrominance pixel O

i1}

a field image

by the value "1" of the vector component as units are

MVy and MVCYy, respectively.

MVCy = Mvy/2 + 0.25 (4)

If the reference field parity and coding field
parity arebottom and top fields, respectively, the thira
chrominance motion vector generation unit calculates
4 chrominance motion vector as follows, assuming that

3 luminance motion vector indicating the vertical

displacement of one luminance pixel of a field 1mage
by the value "1" of the vector component as units and

2 chrominance motion vector indicating the vertical

displacement of one chrominance pixel of a field 1mage

by the value "1" of the vector component as unlts are

MVy and MVCYy, respectively.
MVCy = Mvy/2 - 0.25 (5)
Sometimes, the reSpective units of luminance and
chrominance vectors varyy depending on'its definition.

Tn the case that 1t 1s defined that a lumlnance motion

vector indicates thedisplacement of one luminance moving
pixel when the component of the luminance motion veCctor
changes by value 4 and that a chrominance motion vector
indicates the displacement ol one chrominance moving

pixel when the component of the chrominancemotion vector
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changes by value 8, if the reference field parity and
coding field parity are the same, the first chrominance

motion vector generation unit calculates a chrominance

motionvectoras follows, assuming that a luminancemotion
vector and a chrominance motion vector are MVy and MVCYy,
respectively.

MVCy = Mvy (6)

In the same definition, if the parity of reference

field and coding field are top and bottom fields,
respectively, the second chrominance motion vector
generation unit calculates a chrominance motion vector
as follows, assuming that a luminance motion vector and
4 chrominance motion vector are MVy and MVCy,
respectively.

MVCy = Mvy + 2 (7)

In the same definition, if the reference field
parity and coding fieldparity are bottom and top fields,
respectively, the third chrominance motion vector

generation unit calculates a chrominance motion vector

as follows, assuming that a luminance motion vector and

4  chrominance motion vector are MVy and MVCy,
respectively.

MVCy = Mvy — 2 (3)

The motion picture decoding device of the present

invention basically has the same functions as the motion
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picture encoding device, and operates in the same way.

The preferred embodiments of the encoding device

are mainly described below. The encoding device has the

configuration described sbove. Since the present
invention relates to the vertical component of a motion
vector, it 1s assumed for convenience sake that the

hbrizontal components of all the motion vectors are 0.

In this case, -the decoding device has the same
configuration as the encoding device.

Preferred embodliments are described Dbelow
assuming that AVC FCD 1s adopted.
Fig. 15showsamethodfor calculatingachrominance

motion vector using a luminance motion vector. The

preferredembodimentofa device generatingachrominance
motion vector using a luminance motion vector in a field
prediction comprises three types of chrominance motion

vector generation units and one selection unit.

The operation of the present invention shown in

Fig. 15 is described below. Firstly it is assumed that

a given luminance motion vector 231 is (MV x,MV y) . This

A—— Wbl —

luminance vector is inputtedtoallofa first chrominance
notion vector generation unit 233, a second chrominance
motion vector generationunit 234 anda third chrominance
motionvector generationunit 235. Then, their respective

outputs are inputted to a selection unit 230. The
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selection unit 230 selects one of the respective outputs

of the first, second and third chromilnance motion vector

generation units, based on information about the coding

field parity 237 of the inputted motion vector and 1ts
reference field parity 238, and outputs 1t as a color

motion vector 232 (MVC x,MVC_y) .

Fig. 16 shows theoperationof the first chrominance
motion vector generation unit. In this preferred
embodiment, a luminance motion vector 261 (MV_x,MV_yVy)
is inputted to a first chromlnance motion vecCctor
generationunit 260, andafirst chrominancemotionvector
candidate 262 (MVCl x, MVCl y) 1is outputted. The
chrominancemotion vector generationunit 260 calculates
the first chrominance motion vector candidate 262 as

follows using the luminance motion vector Z26l.

|

(MVC1 x, MVCl y) (MV x/2, MV y/2) (9)
Then, the calculated first chrominance motion vector
~andidate 262 is outputted to the selection unit.

Fig. 17 shows the operation ot the second

chrominance motion vector generation unit. In this

preferred embodiment, a luminance motion vector 271
(MV x,MV_y) is inputted to a second chrominance motion
vector generation unit 270, and a second chrominance
motionvector candidate 272 (MVC2 x, MVCZ y) 1s outputted.

The chrominance motion vector generation unit 270
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calculates the second chrominance motion vector candidate

579 as follows using the luminance motion vector 271.
(MVC2 X, MVCZ___y) = (MV___X/2, MV__y/2+l/4) (10)

Then, the calculated second chrominance motion vector

5 candidate 272 is outputted to the selection unit.

Fig. 18 shows the operation of the third
chrominance motion vector generation unit. In this preferred
embodiment, a luminance motion vector 281 (MV x,MV_vy) 1s
inputted to a third chrominance motion vector generation

10 unit 280, and a third chrominance motion vector candidate

282 (MVC3 x, MVC3 vy) 18 outputted. The chrominance motion
vector generation unit 280 calculates the third chrominance

motion vector candidate 282 as follows using the luminance

motion vector 281.

15 (MVC3 x,MVC3_vy) (MV x/2,MV_y/2-1/4) (11)

Then, the calculated third chrominance motion vector

candidate 282 is outputted to the selection unit.

Fig. 19 shows the operation of one preferred

embodiment of the selection unit 240 of the present

50 invention. Firstly, in this preferred embodiment, a

condition judgment table 241 1is used for judgment of the

coding field parity 247 of a motion vector and its reference

field parity 248, and the selection information 249 of a

chrominance motion vector generation unit to
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be selected is outputted. In this preferred embodiment,

if the reference field and coding field are the same,

this condition judgment table 241 is used for outputting

selectioninformationindicatingtheselectionofafirst

chrominance motion vector candidate 244. If reference
field and coding field are top and bottom fields,

respectively, the condition judgment table 241 1s used

for outputting selection information indicating the

selectionof asecondchrominancemotionvector candidate
245. If reference field and coding field are bottom and
top fields, respectively, the condition judgment table
241 is used for outputting selection information
indicating the selection of a third chrominance motion

vector 246 candidate.

_—

n this case, the first, second or third

chrominance motion vector candidates 244, 245 and 246
are connected to 262 shown in Fig. 16, 272 shown in Fig.

17 and 282 shown in Fig. 18, respectively. Then, aselector

243 selectsoneof the first, second and thirdchrominance
motion vector candidates 244, 245 and 246, based on the
selection information 249, and outputs (MVC x,MVC y)
as its chrominance motion vector 242Z.

Fig. 20 shows theoperationof thepresent invention

tocalculateachrominancevectorusinga luminance vector

in the case where reference field and coding field are
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bottom and top fields, respectively. Inthe example shown
in Fig. 20, a luminance motion vector (MV_x,MV_y) used
to predict a top coding field pixel 160 1s assumed to

be (0,1). In this case, a reference field bottom field

5 luminance pixel position 161 is selected for the

pl—

prediction of a luminance pixel 160. The calculation

process of a chrominance motion vector to be used toO
predict a top coding field chrominance pixel 162 1S
described below with reference to Fig. 1o5.

10 Firstly, in Fig. 20, reference field and codling
field are bottom and top fields, respectively. In this

case, the condition judgment table 241 shown in Fig.

19 is used for selecting selection information 249 about
the third chrominancemotion vector candidate. According
15 to equation (11), the third chrominance motion vector
candidate is calculated as follows.
(MVC3 x,MVC3 Yy) = (MV x/2,MV_y/2-1/4)
(0/2,1/2-1/4)

= (0,1/4) (12)

20 Then, this value is outputted as the chrominance motion

vector 242 shown in Fig. 19. If this vector (0,1/4) is

applied to the top coding field chrominance pixel 162,

4 bottom reference field chrominance pixel position 163

is used as a predicted value. In Fig. 20, the vertical

25 positional relationbetweenplxels corresponds to a real
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pixel. As 1sclear fromFig. 20, a luminancemotion vector
(0,1) andachrominancemotionvector (0, 1/4) areparallel.
Thus, the color deviation between luminance and
chrominance components, whichisaconventional problem,

5 can be solved by the present invention.
Similarly, Fig. 21 shows the operation of the
present inventiontocalculatea chrominance vectorusing
5 luminance vector in the case where reference field
and coding field are top and bottom fields, respectively.
10 In the example shown in Fig. 21, a luminance motion
vector (MV x,MV_y) used to predict a bottom coding field

pixel 170 is assumed to be (0,1). In this case, a top

reference field luminance pixel position 171 is selected
for the prediction of a luminance pixel 170. The
15 calculation process of a chrominance motion vector to
be used to predict a bottom coding field chrominance

pixel 172 is described below with reference to Fig. 1lo.

Firstly, in Fig. 21, reference field and coding
field are top and bottom fields, respectively. In this

20 case, the condition judgment table 241 shown in Fig.

19 is used for selecting selection information 2439 about
the second chrominance motion vector candidate.
According to equation (10), the candidate second

chrominance motion vector 1s calculated as follows.

25 (MVC2 x,MVC2 y) = (MV_x/2,MV_y/2+1/4)
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(0/2,1/2+1/4)
= (0,3/4) (13)

Then, this value is outputted as the chrominance motion
vector 242 shown in Fig. 19. If this vector (0,3/4) 1s

5 applied to the bottom coding field chrominance pixel
172, a top reference field chrominance pixel position
173 is used as a predictive position. In Fig. Z21, the
vertical positibnal relation between pixels corresponds
to a real one. As is clear from Fig. 21, a lumilnance

10 motion vector (0,1) and a chrominance motion vector
(0,3/4) are parallel. Thus, the color deviation between
luminance and chrominance components, which 1s a
conventional problem, can be solved by the present
invention.

15 Although in the examples shown in Figs. 20 and 21,
the prediction of a specific vector is described, 1n

a prediction between other parity fields, a prediction

in which there is no deviation between luminance and

chrominance can also realized by applying this preferred

20 embodiment.

When the reference field parity and coding field
parity are the same, such color deviation does not occur.
Therefore, the result of the first chrominance motion

vector generationunit 233 of the present invention which

25  has the same configuration as a chrominancemotion vector
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generation unit 220 is selected from the conventional

luminance motion vector shown in Fig. 10, and 1s used

as a color motion vector 232. Since in this case, a
chrominance motion vector calculated by the present
inventionisthe same asconventional one, thedescription
of this prefeﬁred embodiment is omitted here.

In another aspect of the present .invention,
equations (9), (10) and (11) vary depending on the units
of luminance and chrominance motion vectors.

Figs. 22 through 24 show another embodiment of the
first chrominance motion vector generation unit, the
second chrominance motion vector generation unit and
the third chrominance motion vector generation unit of
the present invention.

In the case that it is defined that a lumlnance
motionvector indicates the displacément of one luminance
movingpixel when the value of the luminancemotion vector
changes by four and that a chromlnance motion vector
indicates the displacement of one chrominance moving
pixel when the value of the chrominance motion vector
changes by eight, a chrominance motion vector generation

unit 260acalculatesacandidate first chrominancemotion

vector 262a using a luminance motion vector 26la as

follows.

(MVC1 x,MVC1 y) = (MV_x,MV_y) (14)
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Then, the calculated first chrominance motion vector
candidate 262a is outputted to a selection unit.
The chrominance motion vector generationunit 2/0a

calculates a second chrominance motion vector candidate

272a using a luminance motion vector 271la as follows.

(MVC2 x,MVCZ vy} (MV x,MV y + 2) (15)
Then, the calculated second chrominance motion vector
candidate 272a is outputted to a selection unit.

The chrominance motion vector generationunit 280a

calculates a third chrominance motion vector candidate

282a using a luminance motion vector Z8la as follows.

1

(MVC3 x,MVC3 V) (MV x,MV y - 2) (16)
Then, the calculated third chrominance motion vector

candidate 282a is outputted to a selection unit.

Although this preferred embodiment 1s described

assuming that it adoptsAVC FCD, thisisjustonepre ferred

embodiment, and the format for encoding a field image
is not limited to this.

According to the present invention, a chrominance

motion vector parallel to a luminance motlon vector can

11so be calculated in fields with different parity, and
the deviation in a reference pixel position between
luminance and chrominance components, which are the

conventional problem, can be solved accordingly.
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CLAIMS:
1. A motion picture decoding method for making an inter-

e

field motion compensation prediction of and executing a

decoding process on a motion picture signal by using a motion

5 vector in which a reference field 1s a bottom field and a

F

decoding field is a top field, each of whose frames 1s composed

F
p—

a chrominance

of two fields and the number of plxels O:

vertical component 1s different from the number of pixels of a
luminance vertical component,
10 wherein when a horizontal component and a vertical

o

component of a luminance motion vector indicating the vertical

displacement of one luminance pixel of a field 1mage by a value

"1" of a vertical component of the luminance motion vector as

units are MVx and MVy, respectively, and a horizontal component
15 and a vertical component of a chrominance motion vector

indicating the vertical displacement of one chrominance pixel

oy

of a field image by a value "1" of a vertical component of the

chrominance motion vector as units are MVCx and MVCy,
respectively, the inter-field motion compensation prediction 1S

20 calculated as follows:

(MVCx, MVCy) = (MVx/2, MVy/2 - 0.25), and

the decoding is conducted by using the inter-field
motion compensation prediction to make a generated chrominance

motion vector and a generated luminance motion vector parallel.

25 2. A motion picture decoding device for making an 1inter-

field motion compensation prediction of and executing a

decoding process on a motion picture signal by using a motion

vector in which a reference field i1is a bottom field and a
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decoding field i1is a top fleld, each of whose frames 1s composed

of two fields and the number of pixels of a chrominance

vertical component 1s different from the number of pixels of a
vertical luminance component, the motion picture encodlng

device comprising:

means for calculating the inter-field motion

compensation prediction as follows:
(MVCx, MVCy) = (MVx/2, MVy/2 - 0.25),

where a horizontal component and a vertical component

of a luminance motion vector 1ndicating the vertical

displacement of one luminance pixel of a field image by a value
"1" of a vertical component of the luminance motion vector as
units are MVxX and MVy, respectively, and a horizontal component
and a vertical component of a chrominance motion vector

indicating the vertical displacement of one chrominance pixel

of a field image by a value "1" of a vertical component of the

chromlnance motion vector as unilits are MVCx and MVCy,

respectively; and

decoding means for decoding the motion picture signal
by using the inter-field motion compensation prediction to make
a'generated chrominance motion vector and a generated luminance

motion vector parallel.
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