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(57) Claim
1. An efficient coding apparatus for a picture signal, which
is adapted to carry out coding with a macro block comprised of
a two-dimensional arrangement of a plurality of pixels being as
a unit, comprising:

motion detection means comprised of means for detecting,
every macro block, motion vectors between frames and a sum of
differences between absolute values of respective pixels, and
means for detecting, every macro block, motion vectors between
fields obtained by dividing the frame in dependency upon odd or
even scans of pixels and a sum of differencés between absolute
values of respective pixels;

first mode selection means for judging, by using information

outputted from said movement detection means, which any one of

/2




0

(11) AU-B-23467 /92 -2-
(10) 662548

a frame predictive mode for carrying out motion compensation with
a frame comprised of the macro blocks being as a unit and a field
predictive mode for carrying out motion compensation with a field
comprised of the macro blocks being as a unit has a higher
ot efficiency in carrying out motion compensation, thus to select
a predictive mode of a higher efficiency;

second mode selection means for Jjudging, by using
information outputted from said motion detection means and said
first mode selection means, which any one of a TfTrame orthogonal

transform mode for transforming input Sicture data to block data

; so as to carry out orthogonal transform processing with a frame

comprised of the macro blocks being as a unit and a field

T

processing mode for transforming input picture data to block data

e a

so as to carry out orthogonal transform processing with a field

RPN

comprised of the macro blocks being as a unit has a higher

efficiency in carrying out orthogonal transform processing, thus

B

to select a mode for generating block data of a higher

T A T o e

efficiency;

address generation means for recognizing whether a current i
cycle is an odd cycle of a time period during which scan of odd :

fields in an interlaced scan of coding processing or an even

cycle of a time period during which scan of even fields in the !

interlaced scan is carried out with respect to one frame, thus
to control a group of frame memories so as to output macro block
data generated 1in correspondence with the selected mode for [
generating block data in the odd cycle; and

motion compensation means adapted to receive the motion

predictive mode information selected by said first mode selection

means and the block data generation mode information selected by

j said second mode selection means.

{ X et




e e e e IIIIIIIIIIIIIHIIHIII-=
AOJP DATE 13/05/93 PCT NUMBER PCT/JP92/00956

AU9223467

TR W JSASHI V=AY, —~ N ° ™ A DR < AV I 47 1A

(51) EmtHaHs | (1) ERARES WO 93/03578
HO04N 7/137 Al
. (43) ErRABIE 10934 2 188 (18.02.1993)
. (21) BRHEES PCT/JP92,00956 | RATABIHIE - BERERsT
) (22) EBRHERA 1992475288(28. 07. 92) .
(30) BEEHET — £ 5 é%) 8
4P 3,/211382 1991478308(30. 07. 91) JP : 5
B5BAF-3,353990 19914128198(19. 12, 91) JP

B5BAT 3,/358184 1991412A8278(27. 12. 91) JP

(71) HEA ((B%B < FRToEEEROWT)

Y =~k &4t (SONY CORPORATION)(JP/JP)
F141 FROANELSNE6TETHES5S Tokyo, (JP)
(72) BHEE LU
(75) RBHF/HEBA CkEKoWwTDS)

H+EME (IGARASHI, Katsuji)(JP/JP]
tpEs 2 (SATO, Tomoyuki Y(JP/JP)

T141 FRHBKNIZRNE6TE7HIS S
v = —tkX&HW Tokyo, (JP)

(74) KEA .
#E+ S R, H(KOIKE, Akira et al.)

T105 FRHPEEE/FIZTE6THAS H11H/er~ 11K

Tokyo, (JP) -

(81) 5EE
AT (EME®), AU, CA, DE (EAMBH), FR(BMBH),

G B ( BxM4sE ), IT (EMAEH), US.

(54) Title . APPARATUS FOR CODING AND DECODING PICTURE SIGNAL WITH HIGH EFFICIENCY

f
(54) RADEH asEsoBERFEtRUASLER g
10 :
1 { 10 ... frame memory group i
I 1;_1;1}_? " 11 ... address gencrator
L i
PRLRAELS 16 ... buffer ‘t
21 25 20 ... frame memory group fitted with compensator r
B 7;3: . of movement M
;'I'EEI&- 21 ... sensing of movement of field .
22 ... sensing of movement of frame
g ) 23 ... circuit for deciding mode of pPredicting
F 3| movement . ;
1y ;& é 24 ... selector
21,; 25 ... circuit for deciding mode of making block
i
(57) Abstract

An apparatus provided with two coding means for coding a time-varying picture whose one frame comprises two fields. In

one coding means, in respect to all the blocks in one frame an odd number field (a first !'leld) and an even number field (a second

field) are dividedly made into blocks, and the movement of the second field can be predicted from the movement of the first field.

i In the other coding means, the dividing and undividing of the first and second fields are switchgd over to each other for every
macroblock. By switching over appropriately these coding means to each other every frame, a high quality picture is obtained
with a small amount of information, and the scale of hardwares can be reduced, and further, the f rame buffer of a decoder can be .

omitted. \
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SPECIFICATION

Efficient Coding Apparatus for Picture Signal and Decoding

Apparatus Therefor

TECHNICAL FIELD

This invention relates to an efficient coding apparatus for
a picture signal, which 1is adapted to efficiently encode a

picture signal by the orthogonal transform processing.

BACKGROUND ART

As a system for efficiently encoding a picture signal, e.g.,
in the standardized scheme by the MPEG (Moving Picture Experts
Group), an efficient coding system for a picture signal for use
in so called digital storage media is standardized.

Here, storage media subject to this system are media having
a continuous transfer rate (speed) of about 1.5 M bps. (bits per
second) such as so called a CD (Compact Disk), a DAT (Digital
Audio Tape Recorder), or a hard, disk, etc. These media are not
only directly connected to a decoder, but also are assumed to be
connected thereto through transmission media such as a bus of a
computer, a LAN (Local Area Network), or a telecommunication

link, etc. Further, not only reproduction in forward direction,

it . ot St
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but also special functions such as random access, high speed
reproduction, or reproduction in backward direction, etc. are
taken into consideration.

The principle of the efficient coding system for a picture
signal by the MPEG is as referred to below.

Namely, 1in this efficient coding system, a difference
between pictures (frames) is first taken to thereby reduce the
redundancy in the time base direction thereafter to reduce the
redundancy in the spatial base direction by using so called a
Discrete Cosine Transform (DCT) processing and variable length
codes.

The  redundancy in the time base direction will be . first
described below.

Generally, in successive moving pictures, a certain picture
remarked (i.e., a picture at a certain time) and pictures before
and after that picture are considerably similar to each other.

For this reason, as shown in FIG. 22, for example, if an
approach is employed to take a difference between a picture to
be coded from now on and a picture forward in time to transmit
that difference, the redundancy in the time base direction can
be reduced to lessen a quantity of information transmitted.

A picture coded in this way is called a Predictive-Coded
Picture (P picture or P frame) which will be described later.

Similarly, if an approach is employed to take a difference

between the picture to be coded from now on and a picture
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prepared forward or backward in time, and a difference between
the picture to be coded from now on and an interpolated picture
prepared by pictures forward and backward 'in time to transmit a
difference of a smaller value of those differences, the
redundancy in the time base direction can be reduced to lessen
a quantity of information transmitted.

A picture coded in this way is called a Bidirectionally
Predictive-coded picture (B picture or B frame) which will be
described later.

In FIG. 22, a picture represented by I 1indicates an
Intra-coded picture (I picture or I frame) which will be
described later, a picture indicated by P indicates the above-
mentioned P picture, and a picture indicated by B indicates the
above-mentioned B picture.

In order to prepare respective predictive pictures, so
called motion compensation is carried out.

Namely, in accordance with this motion compensation, e.g.,
a block of 16x16 pixels (hereinafter called a macro block)
comprised of, e.g., unit blocks of 8x8 pixels is prepared to
search a macro block in which a difference is minimum in the
vicinity of the position of the macro block of a former picture
to take a difference between the macro block and the searched
macro block, thereby making it possible to reduce a quantity of
data to be transmitted.

Actually, for example, in the P picture (Predictive-coded
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picture), picture data having a 1lesser quantity of data of a
picture in which a difference between a picture to be coded from
now on and a motion-compensated predictive picture is taken and
a picture in which a difference between the picture to be coded
from now on and the motion-compensated predictive picture is not
taken is selected every macro block of 16x1S pixels, and the
selected picture data is then coded.

However, 1in cases as described above, many data must be
transmitted with respect to, e.g., the portion (picture)
appearing from behind the portion where an object moves.

In view of this, for "~ example, '1n the B picture
(Bidirectionally Predictive-coded picture), there is coded
picture data 1in which the quantity of data is the smallest of
four picture data i.e., a difference between an already decoded
motion compensated picture forward in time and the picture to be
coded from now on; a difference between an already decoded motion
compensated picture backward in time and the picture to be coded
from now on; a difference between an finterpolated picture
prepared by the both pictures forward and backward 1in time and
the picture to be coded from now on; and a picture in which a
difference is not taken, i.e., the picture to be coded from now
on.

The redundancy in the spatial base direction will now be
described.

A difference of picture data is caused to undergc Discreie
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Cosine Transform (DCT) processing every unit block of 8x8 pixels
without adopting an épproach to transmit such a difference as it
is.

In this DCT processing, a picture is not represented by the
pixel level, but is represented by to what degree respective
frequency components of a cosine function are included. For
example, by the two-dimensional DCT processing, data of unit
blocks of 8x8 pixels are transformed to data of coefficient
blocks of 8x8 pixels of components of a cosine function.

There are many instances where a picture signal of a natural
picture as imaged by a television camera becomes a smooth signal.
In this instance, the above-mentioned DCT processing is
implemented to the picture signal, thereby making it possible to
reduce a quantity of data.

Namely, for example, in the case of a smooth signal 1like a
picture signal of a natural picture as described above, the DCT
processing is implemented thereto, whereby large values
concentrate on values in the vicinity of a certain coefficient.

When this coefficient 1is quantized, most of coefficient
values of the DCT coefficient block of 8x8 become equal to zero,
so only large coefficient values are left.

In transmitting data of coefficient block of 8x8, an
approach is employed to transmit such data, in order of so called
a zigzag scan, by using so called a Huffman codes in which a

non-zero coefficient and so called zero-run indicating "how many

—————
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number of zeros continue before that coefficient are combined as

each set, thereby making it possible to reduce a quantity of data

transmitted.

On the decoder side, a picture is reconstructed by a
procedure opposite to the above.

The structure of data handled by the above-described coding
system is shown in FIG. 23.

Namely, data structure shown in FIG. 23 is comprised of a
block layer, a macro block layer, a slice layer, a picture layer,
a Group of Picture (GOP) layer, and a video sequence layer in
order from the bottom. Explanation will now be described in
order from a lower layer in FIG. 23.

In the block layer, each block of this block layer is
comprised of 7luminance or color difference adjacent 8x8 pixels
5 (pixels of 8 lines x 8 pixels).

i The above-described DCT (Discrete Cosine Transform)
processing is applied every unit block.

In the above-mentioned macro block layer, each macro block
, of the macro block layer is comprised of six blocks in total of
four luminance blocks (unit blocks of luminance) YO, Y1, Y2, Y3

adjacent in left and right directions and in upper and lower

‘A} directions, and color difference blocks (unit blocks of color
'j difference) Cr, Cbexisting correspondingly at the same positions

as those of the luminance blocks on a picture.

These blocks are transmitted in order of YO, Yi, Y2, Y2, Cr

< Z
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and Cb.

In this coding syétem, what picture is used for a predictive
picture (a reference picture for takiﬁg a difference), or whether
or not there is a need to transmit a difference is judged every
macro block.

The above-mentioned slice layer is comprised of one or
plural macro blocks successive in order of scanning of a picture.

At the header of this slice layer, differences between
respective motion vectors in a picture and a DC (Direct Cufrent)
component are reset. The f.irst micro block has data indicating
poéition in a picture. Accordingly, even in the case where an

error takes place, data can be restored to a normal state every

slice.

For this reason, the 1éngth and starting position of the
slice are arbitrary, and can be changed in dependency upon an
error state of a transmissipn path.

In the above-mentioned picture layer, a picture, 1i.e., each
frame is comprised of at least one or plural slices mentioned
above. These pictures are respectively classified into four
kinds of pictures of the Intra-coded picture (I picture or I
frame), the Predictive-coded picture (P picture or P frame), the
Bidirectional predictive-coded picture (B picture or B frame),
and DC ihtré coded picture.

In the intra coded picture (I picture), when a-picture is

coded, information only within that picture is used.
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In other words, at the fime of decoding, a picture can be
reconstructed only by information of the I picture itself. In
actual terms, a picture is caused to undergo DCT processing as
it is without taking a difference, and the picture thus processed
is then coded.

Although this coding system has a poor efficiency in
general, if such I pictures are inserted at suitable portions?
random access or high speed reproduction can be made.

In the above—-mentioned Predictive coded picture'(P picture),
an I picture or a P picture, which 1is positioned forward in time
in terms of input sequence and has been already decoded, is used
as a predictive picture (a picture serving as a reference 1in
taking a difference).

Actually, any one of a higher efficiency of the method of
coding a difference between a picture to be coded from now on and
a motion compensated predictive picture and the method of coding
a picture as it 1is without taking a difference therebetween
(intra coding) is selected every macro block.

In the above-mentioned Bidirectional predictive coded
picture (B picture), three kinds of pictures of an I picture and
a P picture which are positioned forward in time and have been
already decoded, and an interpolated pictures prepared from the
both pictures are used as a predictive picture.

Thus, a:picture having the highest efficiency of the three

kinds of motion compensated coded picturas of difference and the

P
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intra-coded picture can be selected every macro block.

The DC intra-coded picture 1is an 1intra coded picture
comprised of only DC coefficients of DCT, and therefore cannot
exist in the same sequence as that of other three kinds of
pictures.

The above-mentioned Group Of Picture (GOP) 1layer is
comprised of only one or plural I pictures, or one or plural I
pictures and plural non-I pictures. When the order of inputting
to an encoder 1is assumed to be, e.g., 1I, 2B, 3B, 4P*%5B, 6B, 7I,
8B, 9B, 101, 118, 12B, 13P, 14B, 15B, 16Px17B, 18B, 19I, 208,
21B, and 22P, an output of the encoder, i.e., an input of a
decoder is, e.g., 1I, 4P, 2B, 3B%7I, 5B, 6B, 10I, 8B, 9B, 13P,
118, 12B, 16P, 14B, 15B%19I, 17B, 18B, 22P, 20B, and 21B.

The reason why exchange of the order is carried out in the
encoder in this way 1is that in the case where, e.g., the B
picture is . coded or decoded, the I picture or the P picture
backward in time serving as a predictive picture of the B picture
must be coded in advance.

In this case, the interval (e.g., 9) of the I picture, and
the interval (e.g., 3) of the P picture or the B picture are
arbitrary.

Further, the interval of the I picture or P picture may be
changed in the Group Of Picture layer.

It is to be noted that the connecting.portion of the Group

Of Picture layer is findicated by asterisk (x).
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In FIG. 23 reference symbols I, P and B indicate I picture,
P picture and B picture, respectively.

The above-mentioned video sequence layer is comprised of one
or plural Group Of Picture layers in which the picture size and
the picture rate, etc. are the same.

As described above, in the case of transmitting a moving
picture standardized in accordance with the efficient coding
system by the MPEG, picture data obtained by compressing one
frame (picture) in a picture is first sent, and data of a
difference between that picture and a picture obtained by
implementing motion-compensation thereto is then transmitted.

Meanwhile, in the case of processing, e.g., a field as a
picture in the above-mentioned one frame (picture), vertical
positions vary interchangeably at respective 2 fields. For this
reason, also at the time of transmitting, e.g., a still picture,
difference information will have to be transmitted.

Further, for example, in the case of processing, with a
picture being as a unit, a frame obtained by processing fields
as a picture, a picture moved in so called a comb shape will have
been processed with respect to, e.g., a moving portion 1in the
frame.

Namely, in the case where a moving body CA such as an
automotive vehicle, etc. exists on this side of a still
background as shown in FIG. 24, for'example, since there is

motion (movement) between fields when attention is drawn to one

. i o oAbt g .
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frame, such a portion would be a picture in a comb form KS.

Further, in the case of processing a picture in which, e.g.,
still or stationary portions and moving picture portions are
mixed, even if there 1is employed any one of the method of
processing field as a picture and the method of processing frame
as a picture, a picture portion having a poor compression
efficiency would be in the picture.

This invention has been proposed in view of actual
circumstances as described above, and its object 1is to provide
an efficient coding apparatus for a picture signal, which is
capable of efficiently carrying out the field processing or the
frame processing even if a picture to be coded 1is a picture
having small movement or great movement, or a picture in which
those pictures are mixed with respect to a picture of the field

structure.

Disclosure of the Invention

To solve such problems, a first efficient coding apparatus
according to this invention is directed to an efficient coding
apparatus for a picture signal, which is adapted to carry out
coding with a macro block comprised of a two-dimensional
arrangement of a plurality of pixels being as a unit, comprising:
motion detection means comprised of means for detecting, every
macro &Tioc, motion vectors between frames and a sum of

differences hztween absolute values of respective pixels, &nd

T
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means for detecting, every macro block, motion vectors between
fields obtained by dividing the frame in dependency upon odd or
even scans of pixels and a sum of differences between absolute
values of respective pixels; first mode selection means for
judging, by using information outputted from the motion detection
means, which any one of a frame prediction mode for carrying out
motion compensation with a frame comprised of the macro blocks
being as a unit and a field predictive mode for carrying out
motion compensation with a field comprised of the macro blocks
being as a unit has a higher efficiency in carrying out motion
compensation, thus to select a prediction mode of a higher
efficiency; second mode selection means for judging, by using
information outputted from the motion detection means‘and the
first mode selection means, which any one of a frame orthogonal
transform mode for transforming input picture data to block data
so as to carry out orthbgoha] transform processing with a frame
comprised of the macro blocks being és a unit and a field
processihg mode for transforming input picture data to block data
so as to carry out drthogona] transform processing with a field
comprised of the macro blocks being as a unit has a higher
efficiency in carrying‘out orthogona1‘transform processing, thus
to select a mode for generating block daté of a higher
efficiency; address generation means for recognizing whether‘a
current cycl: is an odd cycle of a time period during which:scan

of odd fields in an ‘interlaced scan of coding processing or an
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even cycle of a time period during which scan of even fields in
that interlaced scan 1is carried out with respect to one frame,
thus to control a group of frame memories so as to output macro
block data generated in correspondence with the selected mode for
generating block data in the odd cycle; and motion compensation
means adapted to receive the motion prediction mode information
selected by the first mode selection means and the block data
generation mode information selected by the second mode selection
means to execute a motion compensation interframe or interfield
prediction in correspondence with the mode information.

A second efficient coding apparatus is directed to an
efficient coding apparatus for a picture signal, which is adapted
to carry out coding with a macro block comprised of a
two-dimensional arrangement of a plurality of pixels being as a
unit, comprising: motion detection means comprised of means for
detecting, every macro block, motion vectors between frames and
a sum of differences between absolute value of respective pixels,
and means <for detecting, every macro block, motion vectors
between fields by dividing the frame in dependency upon odd or
even scans of pixels, and a sum of differences between absolute
values of respective pixels; first mode selection means for
judging, by using information outputted from the motion detection

means, which any one of a frame prediction mode for carrying out

iwohian compensation with a,.frame comprised of the macro block

ceing as a unit and a field prediction mode for carrving out

I
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motion compensation with a field comprised of the macro blocks
being as a unit has a higher efficiency in carrying out motion
compensation, thus to select a prediction mode of a higher
efficiehcy; second mode selection means for Jjudging, by using
information outputted from the motion detection means and the
first mode selection means, which any one of a frame orthogonal
transform mode for transforming input picture data to block data
so as to carry out orthogonal transform processing with a frame
comprised of the macro blocks being as a unit and a field
processing mode for transforming input picture data to block data
so as to carry out orthogonal transform processing with a field
comprised of macro blocks being as a unit has a higher efficiency
in carrying out orthogonal transform processing, thus to select
a mode for generating block data of a higher efficiency; address
generation means for recognizing whether a current cycle is an
odd cycle of a time period during which scan of odd fields in an
interlaced scan of coding processing, or an even cycle of a time
period during which scan of even fields is carried out with
respect to one frame, thus to control a group of frame memories
so to sequentially output, by one frame, odd fields of respective
macro blocks in the odd cycle only when the block data generation
mode is the field processing mode, thereafter to sequentially
output, by one frame, even fields of respective macro blocks in
the even cycle; and maticn compensation means adapted to receive

motion prediction mode information selected by the first mode




15
selection means and block data generatjon mode 1information
selected by the second mode selection means to execute a motion

compensation interframe or interfield prediction in

correspondence with the mode information.

Further, an efficient decoding apparatus according to this

information, thus to output detected motion vector information.

motion predictive mode information, block data geferation mode

information, and macro block address increme data 1in header

information of macro block data; address generation means adapted
for calculating an address increment valde in a frame buffer from

the macro block address increment data to determine 1leading

addresses of respective macro bYocks to deliver those leading
addresses to the frame buffer; and motion compensation means
adapted for applying reldtive addresses of the macro blocks

except for the leading/addresses to the frame buffer to provide

R o RO E AT A R RS oot A a3

an access of data erein to receive the detected motion vector,

A N AAT

the motion pregfliction mode information, and the block data

generation mode information to execute a motion compensation

e frame buffer.

In addition, ap efficient coding apparatus according to this

invention 1is directed to an efficient coding apparatus #n: a
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picture signal, which is adapted to carry out coding with a macro
block comprised of a two-dimensional arrangement of a plurality
of pixels being as a unit, comprising: motion detection means
comprised of means for detecting, every macro block, motion
vectors between frames and a sum of differences between absolute
value of respective pixels, and means for detecting, every macro
block, motion vectors between fields obtained by dividing the
frame in dependency upon odd or even scans of pixels and a sum
of differences between absolute values of respective pixels;
first mode selection means for Jjudging, by using information
outputted frem the motion detection means, which any one of a
frame prediction mode for carrying out motion compensation with
a frame comprised of the macro blocks being as a unit and a field
predictive mode for carrying out motion compensation with a field
comprised of the macro blocks being as a unit has a higher
efficiency in carryingrout motion compensation, thus to select
a predicticon mode of a higher efficiency; second mode selection
means for judging, by using information outputted from the motion
detection means and the first mode selection means, which any one
of a frame processing mode for transforming input picture data
to block data so as to carry out orthogonal transform processing
with a frame comprised of the macro blocks being as a unit and
a field processing mode for transforming input picture data to
block data so as to carry out orthogonail. transform processing

with a field cunpriscd of the macro blocks being as a unit has
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a higher efficiency in <carrying out orthogonal transform
processing, thus to select a mode for generating block data of
a higher efficiency; third mode selection means adapted for
judging which any one of a first coding processing mode for
adaptively switching the mode for generating block data, every
respective macro blocks in one frame, into the frame processing
mode or the field processing mode to encode respective macro
block data on the basis of the respective modes and a second
coding processing mode for carrying out, in the field processing
mode, generation of block data in all macro blocks in one frame
to encode, by one frame, only odd fields comprised of the macro
blocks in an odd cycle of a time period during which scan of odd
fields in an interlaced scan is carried out thereafter to encode,
by one frame, even fields comprised of the macro blocks in the
even cycle of a time period during which scan of even fields in
the interlaced scan is carried out has a higher efficiency in
coding, thus to select a coding processing mode of a higher
efficiency; address generation means for recognizing that a
current cycle is the odd cycle or the even cycle, whereby when
the coding processing mode is the first coding processing mode,
the address generation means control a group of frame memories
so as to output macro block data generated in correspondence with
the block data generation mode in the odd cyclie, while when the

coding processing mode is the second coding proc=ssing mode, the

~address generation means controls the groupg of frame mamories so-
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as to output macro block data generated in correspondence with

the field processing mode in the odd cycle and the even cycle;

and motion compehsation means adapted to receive motion

prediction mode information selected by the first mode selection

means and block data generation mode information selected by the

second mode selection means, thus to execute a motion

compensation interframe or interfield prediction in

correspondence with the mode information.

In other words, the efficient coding apparatus of this

invention is characterized, in coding processing of a moving

picture in which one frame is comprised of two fields, by the

provision of coding means (second coding processing mode) such

that, with respect to all blocks in a picture (frame), the odd

field (first fields) and the even field (second field) are

divided 1into blocks, thus permitting prediction of movement

(motion) of the second field from the first field, and coding

means (first coding processing mode) for switching every macro

block whether or not a frame is divided into the first field and
the second field to generate block data, thus to adaptively
switch these coding means every frame.

In this case, information of one bit indicating these coding

means (information indicating a selected mode) is added to a

transmission code.
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and decode coded picture data to be reproduced and header
information including detected motion vector information, motj
prediction mode information, block data generation/ mode
information, and coding processing mode information output,
along with the decoded picture data, the detected mbtion vector
information, 'the motion predictive mode informgtion, the block
data generation mode information, and the cogding processing mode
information which have been decoded; addrgss generation means for
calculating, from the coding procesging mode information, an
address increment value at a framebuffer for storing the decoded
picture data to determine leading addresses of respective macro
blocks, thus to deliver tHese leading addresses to the frame
buffer; and motion compghsation means for applying, to the frame
buffer, relative addresses of the macro blocks except for the
leading addresseg to provide an access of data therein to receive
the detected motion vector information, the motion prediction
mode infopMmation, the block data generation mode information, and
the c6ding processing mode information to execute motion
compensation corresponding to the mode information, thus to send

a motion—-compensated picture signal to the frame buffer.

In accordance with the coding apparatus of this invention,
switching between the frame orthogonal transform mode and the

field orthogonal transform mode can be carried out every macro

block: Accordingly, it is possible to sui2ac¢t a coding processing”

of the highest efficiency every tnacro bilcck.

=




20

Moreover, ih accordance with the decoding apparatus of this

an odd cycle and an even cycle. In the odd cycle, .

between the frame orthogonal transform mdde an the
orthogonal tfansform mode is carried out every-flacro block. In
the . frame processing, odd. fields = and en fields are both
decoded. On the other hand, 1in the eld processing, only odd
fie]ds.are decoded. Further, a antization width in this cycle
is stored. In the subsequent-€éven cycle, this stored information
is used to motion-compepsate only macro block data in the field
orthogonal transforal mode to decode a reproduced picture. For
this reason, o he coding apparatus side, coded data of a higher
efficiency” can be transmitted. Namely, it 1is possible to
reproglice a picture of a high picture quality with a lesser

antity of information transmitted.

Further, in accordance with the coding apparétUS of this
invention, switching between the first coding processing mode and
the second coding processing mode.can be carried out every macro
block. In the first coding processing mode, an approach is
employed to adaptively select any one of the frame processing
mode and the field processing mode, e.g., in dependency upon a
quantity of movements of a picture, thereby making it possible
to carry out an effjcient coding.

In the second coding:processing mode, generation of blonk .

data »f all macro blocks in a frame is carried out in the fieid
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processing mode, thereby making it possible to carry out
prediction of movement of the even field from the odd field with
respect to, e.g., a frame in which there is a particularly great
movement. Thus, a moving picture can be efficiently coded.

Further, in accordance with the efficient coding apparatus
for a picture signal of this invention, even if, with respect to
a moving picture of the field structure, a picture to be coded
is a picture in which there is small movement or a picture 1in
which there is great movement, or a picture in which both
pictures are mixed, the field processing or the frame processing
can be efficiently carried out. Accordingly, with a 1lesser
quantity of information transmitted, it is possible to reproduce
a moving picture of a high picture quality in decoding in the
efficient decoding apparatus of this invention which will be

described later in detail.

In addition, in accordance with the decoding apparatus

this invention, an approach is employed to carry out, every macro

block, switching between the frame orthogonal trarsform mode and
the field orthogonal transform mode in depehdency upon the first

to also carry out switching

or second coding processing i;if;/gn
between the frame diction mode and the field motion

motion p
prediction mode to Bptﬁ/g;:j;e odd fields and even fields in the

frame processihg to decode only odd fields 1in the field

and to.-store a quancization width in. this ¢yole to

processing,

otion—-compensate onlyv macro block aata in the field orthogonal
RO
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transform mode by using that stored information in the subse Nt

even cycle, thus to decode a reproduced pictur Thus, on the

coding apparatus side, coded data ha a higher efficiency can
be transmitted. Namely moving picture of a high picture

produced with a lesser quantity of information

quality can b

Brief Description of the Drawings

FIG. 1 1is a block diagram showing the outline of the
configuration of an efficient coding apparatus for a picture
signal of a first embodiment.

FIG. 2 1is a block diagram showing the outline of the
configuration of an efficient coding apparatus for a picture
signal of a second embodiment.

FIG. 3 1is a block diagram showing the outline of the
configuration of an efficient coding apparatus for a picture
signal of a third embodiment.

FIG. 4 is a view for explaining the coding processing of
this embodiment.

FIG. 5 is a view showing a macro block.

FIG. 6 is a view showing motion prediction in the case of
the frame orthogonal +transform mode 1in the first coding
processing

FIG. 7.1s a view showirg motion prediction in the case of

e
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the field orthogonal transform mode 1in the first coding
processing.

FIG. 8 is a view showing motion prediction in the case of
the second coding processing mode.

FIG. 9 is a view showing a unit block of the DCT processing
in the frame orthogonal transform mode/field processing mode in
an actual example of a format of a digital VTR.

FIG. 10 is a view showing the state of motion prediction.

FIG. 11 1is a view showing another state of motion
prediction.

FIG. 12 is a view showing a unit block of the DCT processing
in the frame orthogonal transform mode/field orthogonal transform
mode in an actual example of a format of a digital VTR.

FIG. 13 is a view showing a unit block of the DCT processing
in the frame orthogonal transform mode/field orthogonal transform
mode in another actual example of a format of a digital VTR.

FIG. 14 is a view showing a unit block of the DCT processing
in the frame orthogonal transform mode/field orthogonal transform
mode in a further actual example of a format of a digital VTR.

FIG. 15 is a view for explaining a sets of macro blocks and
the manner of processing in the frame orthogonal transform mode.

FIG. 16 is a view for explaining the manner of processing
in the field orthogonal transform mode in the example of FIG. 15.

FIG. 17.is a view Tur ¢xplaining a modified; example (as to

forward predictian) of additicn of expansion bits in the second




s v

ATLS

1T L T e S ey i

24
embodiment.

FIG. 18 1is a block diagram showing the outline of the
configuration of an efficient coding apparatus for a picture
signal in a fourth embodiment.

FIG. 19 is a block dijagram showing the configuration of a
decoder.

FIG. 20 is a view showing a picture in the odd cycle.

FIG. 21 is a view showing a picture in the even cycle.

FIG. 22 is a view for explaining respective predictive
pictures.

FIG. 23 is a view showing data structure.

FIG. 24 is a view showing a certain picture of a moving

body.

Best Mode for Carrying Out the Invention

Embodiments to which this invention is applied will now be
described with reference to the attached drawings.

Firs., wnain flow of picture data subjected to coding
processing in a first embodiment will be described by using the
configuration of FIG. 1.

Next, second and third embodiments will be described with
reference to FIGS. 2 and 3, respectively.

Further, a fourth embodiment will be ricscribed with Tl

reference . to FIG. 18. Finally, an  emboudiniant oT the
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configuration of a decoder of this 1ﬁvention will be described
with reference to FIG. 19.

It is to be noted that, 1in coding apparatuses of the
embodiments, there may be carried out tiiree kinds of coding
processing of an Interframe coding (I frame or I picture)
processing, a (unidirectional) Predictive interframe (interframe)
coding (P frame or P picture) processing, and a Bidirectional
interpicture coding (B frame or B picture) processing which are
all as shown in FIG. 4. In addition, respective pictures are
constituted as a block comprised of 8x8 pixels and each macro
block is comprised of 2x2 blocks (ji.e., 16x16 pixels).
[Description of the first embodiment]

FIG. 1 shows a first embodiment of an efficient coding
apparatus for a picture signal, which is adapted to carry out
coding with a macro block comprised of a two-dimensional
arrangement of pixels which is smaller than one picture (e.g.,
a block in which 16x16 pixels in a spatial arrangement of input
picture data in order of a raster scan are assumed as a unit
block) being as a unit.

This efficient coding apparatus comprises the following
componentsn

Namely, the efficient coding apparatus comprises a group of
frame memories 10 in which a plurality of frames (pictures)
comprised of a Yurality of unit blocks of 16x16 pixels are

stored s an or:ginai picture, "and
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a frame motion detection circuit 22 and a field motion
detection circuit 21, which serve as motion detection means for
detecting, every macro block, motion vectors between frames and
a sum of differences of absolute values of respective pixels, and
for detecting, every macro block, motion vectors between fields
obtained by dividing a frame in dependency upon odd and even
scans of pixels and a sum of differences between absolute values
of pixels, respectively.

The efficient coding apparatus further comprises motion
prediction mode Jjudgment circuit 23 and a selector 24, which
serve as first mode selection means for Jjudging, by using
information outputted from the motion detection means, which any
one of a frame prediction mode for carrying out motion
compensation with a frame comprised of the macro blocks being as
a unit and a field prediction mode for carrying out motion
compensation with a field comprised of the macro blocks being as
a unit has a higher efficiency, thus to select a prediction mode
of a higher efficiency.

The efficient coding apparatus further comprises a block
data generation mode judgment circuit 25, serving as second mode
selection means, which is adapted to judge, by using information
outputted from the motion detection means and the first mode

selection means, which any of one a frame orthogonal transform

mode' for transforming input picture datz tc block data so as to ‘v

carry out orthogonal transform nrucessing with a frame comprised
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of macro blocks being as a unit and a field orthogonal transform
mode for transforming input picture data to block data so as to
carry out orthogonal transform processing with a field comprised
of macro blocks being as a unit has a higher efficiency in
carrying out orthogonal transform processing, thus to select a
block data generation mode of a higher efficiency.

The efficient coding apparatus further comprises an address
generator 11 for recognizing whether a current cycle is an odd
cycle of a time period during which scan of odd fields in an
interlaced scan of the coding processing is carried out, or an

even ¢ycle of a time period during which scan of even fields in

that interlaced scan is carried out with respect to one frame,'

thus to control the group of frame memories so as to output macro
block data generated 1in correspondence with the block data
generation mode in the odd cycle, and

a group of frame memories 20 with a motion cormpensator,
which serves as motion compensation means adapted to receive
motion prediction mode information selected by the first mode
means and block data generation mode information selected by the
second mode selection means, thus to execute motion compensation
interframe or interfield prediction 1in correspondence with the
mode information.

Namely, in FIG. 1, a digital picture signal is delivered to
an 1npuc¢ t=2rminal 1,.and is then.stored into the group of frame

memaries 10, From the group of frame memories 10, data of unit

e

A




X
!

~ e

e e

i, o i

28

macro block of 16x16 pixels are read out under the control of the
address generator 11 of which operation will be described later
in detail. The data thus réad out are transmitted to a
subtracter 12._ To the subtracter 12, motion compensated picture
data from the group of frame memories 20 with motion compensétor
are also delivered. Each difference between the data of unit
macro blocks and the motion—compensated.picture data is detected
at the subtracter 12. |

An output of the subtracter 12 is sent to a DCT circuit 13
for carrying out orthogonal transform (DCT) processing. While
DCT is shown as an example, other orthogonal transform processing
such as FFT, etc. may be of course applied as the orthogonal
transform ;irocessing.

DCT coefficient data obtained by DCT processing at the DCT
circuit 13 is sent to a quantizer'14} Quantized data from the
quantizer 14 1is outputted as coded data from an output terminal
2 through a variéb1é length encoder 15 for carrying out variable
length coding processingj e.g.; sb called Huffman coding or run
length coding, etc. and a buffer 16. |

This coded data is not_ only transmitted through a
predetermined communication path, but is also permitted to be
written into recording media such as an optical disk or a
magnetic tape, etc.

Further, "the quantized -iz*z from the quantizer 714 is

delivered to the group of fTirame memories 20 with motion
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compensator through an inverse quantizer 17 for carrying out
inverse quantijzation processing of the quantization processing
at the quantizer 14 and an inverse DCT circuit for carrying out
inverse DCT processing of the DCT processing at the DCT circuit
13, and through an adder 19. At the adder 19, an output of the
inverse DCT <circuit 18 and an output of the group of frame
memories 20 with motion compensator are added. It is to be noted
that a signal for preventing an overflow of the buffer 16 is fed
back from the buffer 16 to the quantizer 14 as indicated by
dotted lines.

On the other hand, picture data outputted every macro block
from the group of frame memories 10 is sent to the frame motion
detector 22 and the field motion detector 21.

The field motion detector 21 detects, every macro block,
motion vectors between fields and a sum of differences between
absolute values of respective pixels, thus to output these data
(data FDMV of the motion vectors between fields and data FDAD of
the sum of the differences between absolute values).

Further, the frame motion detector 22 detects, every macro
block, motion vectors between frames and a sum of differences
between absolute values of respective pixels, thus to output
these data (data FMMV of the motion vectors between frames and
data FMAD of the sum of differences between absolute values).

Data FMMV/FDMV of respective motion vectors of these inotior

uvsteciion circuits 22 and 21 are transmitted to the selector 24,
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and data FMAD/FDAD of sums of differences between respective
absolute values are transmitted to a prediction mode Jjudgment
circuit 23.

This motion prediction mode judgment circuit 23 carries out
judgment whether the motion predictive processing is carried out
every field, or the motion predictive processing is carried out
every frame in the motion predictive processing at the group .of
frame memories 20 with motion compensator (of which operation
will be described in detail lateir) on the basis of the data FDAD
of the sum of differences between absolute values from the field
motion detector 21 and the sum of differences between absolute
values from the frame motion detector 22, thus to output data
indicating a processing mode of a more advantagecus processing
(of a higher efficiency).

To speak in a practical manner, in the case where it is
judged at the motion predictive mode judgment circuit 23 that,
e.g., a difference between data FMAD of a sum of differences
between absolute values and data FDAD of a sum of differences
between absolute values is greater than a certain threshold value
T1 (when FMAD-FDAD>T1), data . indicating that the method of
carrying out the motion predictive processing every field has a
higher efficiency (data MPFD in the field orthogonal transform
mode in the motion prediction) 1is outputted from the circuit 23.

In contrast, in the case where .91t is'ijudged that a

difference betweenr daia FM&D of a sum of differences between
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absolute values and data FDAD of a sum of differences between
absolute values 1is smaller than the thresho1d value T1 or equal
thereto (when FMAD-FDAD<T1), data indicating that‘the method of
carrying out the motion predictive processing every frame has a
higher efficiency is outputted.

| Any one of these motion predictive mode data MPFM/MPFD is
seht ﬁo the group of frame memories 20 with motion compensator.
Thus, the group of frame memories 20 carries out motion
chpensation every frame or every field. Further, any one of
these motion predictive mode data MPFM/MPFD is also sent to the
selector 24.

This selector 24 selectively outputs, in dependency upon the
motion predictive mode data‘MPFM/MPFD from the motion predictive
mode judgment circuit 23, either data FMMV of motion vectors
between frames delivered from the frame motion detectbr 22 or
data FDMV of motion vectors between fields delivered from the
field motion detector 21. Namely, when the motion predictive
mode data is data MPFD indicating the field predictive mode, the
selector 24 selects and outputs motion vector data FDMV from the
field motion detector 21, and when thé motion predictive mode

data is data MPFM indicating the frame predictive mode, the

selector 24 selects and outputs motion vector data FMMV from the

frame motion detector 22.

.The motidn-vector data FMMV/FDMV selected at the =ajactor

24 is sent to'the block data generation mode judgment circuit 25.

e T

S TFERIA LTI -y e




)
{
1
]

32

To the block data generation mode Jjudgment circuit 25,
output data from the group of frame memories 10 and the
processing mode data MPFM/MPFD from the motion predictive mode
judgment circuit 23 are also delivered. This block data
generation mode Jjudgment circuit 25 receives the ‘motion
predictive mode data MPFM/MPFD and the motion vector data
FMMV/FDMV, and further prepares difference picture data by using
picture data from the group of frame memories 10 to select, on
the basis of the difference picture data, a block data generation
mode most suitable for a picture which is outputted from the
group of frame memories 10 and is subjected to DCT processing at
the DCT circuit 13.

It is to be noted that, in the case of the I picture (or I
frame), data of a picture (original picture) of the group of
frame memories 10 is used 1in place of the difference picture
aata.

Namely, it is now assumed that, e.g., a macro block of the
difference picture is a macro block as shown in FIGS. 5(A), for
example (macro block of an original picture in the I picture).

In FIG. 5(A), odd 1ines (o1, 02, 03, :+: oN, N is equal to
16 in the case of the macro block) are indicated by soljd lines,
and even lines (el, e2, e3, -+ eN, N is equal to 16 in the case
of the macro block) are 1indicated by dotted 1lines. Further,
respective pixa*ax of even lines are represented by e(i.j), and

respective pixeiz o¥ odd Tines are represented by o(i, j). 1In
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a difference picture or original picture (picture of the I
picture) as. shown 1in FIG. 5(A), a difference EFD of the
difference picture every field can be expressed by the following
formula (1), and the difference EFM of the difference picture

every frame can be expressed by the following formula (2).

16 15
EFD = 3.3 (lo(i,d) - o(i+1,3) + le(i,i) - e(i+1, )
j= 1=
(1)
16 16 I | 16 15 | |
EFM = i,J) — e(i,i) + i,3) - o(i+1,3)l
35,:1:21 o(i,j) - e(i,] ;31; e(i,j) - o(i+1,]

(2)

In actual terms, in the case where it is judged at the block
data generation. mode judgment circuit 25 that a difference
between a difference EFM determined with respect to the frame and
a difference EFD determined with. respect to the field by using
the above Tformulas (1) and (2) 1is greater than a certain
threshold value T2 (when EFM-EFD>T2), this circuit 25 outputs

data indicating that the DCT processing at the DCT circuit 13 is

carried out every field (data MDFD i the -field northogonal

transform mode 1in the block data generation prousssing). In
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contrast, in the case where it is Jjudged that a difference
between the difference EFM and the difference EFD is smaller than
the threshold value T2 or is equal thereto (when EFM-E~D<T2), the
block data generation mode judgment circuit 25 outputs data
indicating that the DCT. processing at the DCT circuit 13 is
carried out every frame (data MDFM .in the frame orthogonal
transform mode in the block data generation processing). Any one
of these block data generation processing mode data MDFM/MDFD is
transmitted to the address generator 11 and the group of frame
memories 20 with motion compensator.. Further, the motion vector
data (FMMV/FDMV), the block data generation mode data
(MDFM/MDFD), and the predictive mode data (MPFM/MPFD) are sent
to the above-described variable length encoder 15.

The address generator 11 controls the group of frame
memories 10 so as to output macro S]éck data generated in
dependency upon processing mode data MDFM/MDFD at the DCT circuit
13 every macro block, for example, with respect to picture data
stored in the group of frame memories 10.

Namely, in the case where the block data generation mode
data is data MDFM indicating DCT processing every frame, the
address generator 11 controls the group of frame memories 10 sc
as to output macro block data in which even pixels and odd pixels
are alternately arranged as shown in FIG. 5(B). Thus, unit block
data o7 *h2 macro block sent to.the DCT circuit 13 are data in

which evan T¥3i21ds and .odd fields are combined.
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In contrast, in the case where the block data generation
mode data is data MDFD indicating DCT processing every field, the
address generator 11 controls the group of frame memories 10 so
as to macro block data in which even pixels and odd pixels are
separately arranged as shown in FIG. 5(C).

Thus, unit block data of the macro block sent to the DCT
circuit 13 1is data in which even fields and odd fields are
separate with each other. It is to be noted that the DCT circuit
13 carries out DCT transform processing every unit block of 8x8
pixels as described above: In FIGS. 5(B) and 5(C), odd lines are
indicated by solid 1ines, and even lines are indicated by dotted
Tines.

To the group of frame memories 20 with motion compensator,
predictive mode data MPFM/MPFD from the motion predictive mode
judgment circuit 23, processing mode data MDFM/MDFD from the DCT
mode judgment circuit 25, and motion vector data FMMV/FDMV
selected at the selector 24 are delivered. Accordingly, this
group of frame memories 20 with motion compensator carries out
motion compensation corresponding to the predictive mode data
MPFM/MPFD in the motion prediction and block data generation mode
data MDFM/MDFD in the DCT processing and using the motion vector
data FMMV/FDMV,

[Description of the Second Embodiment]
.FIG. 2 shows a second embodimen<. in FIG. 2, blocks td

which the same reference numerals as thoss of FIG. 1 are attached

\
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have the same functions, respectively. Accordingly, explanation
will now be given in connection with to which reference numerals
different from those of FIG. 1 are attached.

Namely, an efficient coding apparatus of FIG. 2 comprises,
in addition to the blocks to which the same reference numerals
as those of the efficient  coding apparatus of FIG. 1 are
attached,

a mode judgment circuit 26 and a seiector 24 which serve as
mode selection means to judge, by using information outputted
from the motion detection means, which any one of an efficiency
in the case where the motion compensation is carried out 1in the
frame prediction mode and block data generation for the
orthogonal transform processing is carried out in the frame
orthogonal transform mode, and an efficiency in the case where
the motion compensation is carried out in the field predictive
mode and block data generation for the orthogonal transform
processing is carried out in the field orthogonal transform mode
has a higher value, thus to select a predictive mode of a higher
efficiency, and

an address generator 31 serving as address generation means
for recognizing whether a current cycle is an odd cycle of a time
period during which scan of odd fields is carried out or an even
cycle of a time period during which scan of even fields ‘is
aried out-dn an:-interdaced: scan of:the coding processing witrn

-respact to one frame (one picture), thus to control the groun of
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frame memories so as to sequentially output, by one frame, odd
fields of respective macro blocks in the odd cycle only when the
mode of the mode judgment circuit 26 is field prediction/field
processing mode thereafter to sequentially output, by one frame,
even fields of respective macro blocks in the even cycle.

It is to be noted that the coding apparatus of the second
embodiment 1is a coding apparatus 1in which the block data
generation mode and the motion compensatinn mode are not separate
with each other. The second embodiment essentially different
from tha first embodiment 1in the operation of the address
generator as described above.

The mode judgment circuit 26 in FIG., 2 carries out, on the
basis of data FMAD of a sum of differences between absolute
values from the frame motion detector 22 and data FDAD of a sum
of differences between absolute values from the field motion
detector 21, Jjudgment as to whether the motion predictive
processing should be carried out every frame or the motion
predictive processing should be carried out every field in the
motion predictive processing at the group of frame memories 20
with motion compensator of which operation will be described
later in detail, and prepares a difference picture by using the
judged result (corresponding to the predictive mode data

MPFM/MPFD of the first embodiment), motion vectors FMMV/FDMV from

the motion detectors (21, 22), ant pictures from the ‘'‘group of

frame memories 10, thus to alsc judge, on the basis of the
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difference picture, a mode of the block data generation
processing most suitable for a picture which is outputted from
the group of frame memories 10 and is subjected to DCT processing
at the DCT circuit 13.

Namely, this mode judgment circuit 26 judges which any one
of an efficiency in the case where the motion prediction is
carried out in the frame predictive mode and generation of block
data is carried out in the frame orthogonal transform mode PDFM
and an efficiency in the case where the motion prediction is
carried out in the field predictive mode and the generation of
block data is carried out in the field orthogonal transform mode
PDFD has a higher value. In other words, the mode Jjudgment
circuit 26 is of a structure in which the functions of the motion
predictive mode Jjudgment <circuit 23 and the block data
generation circuit 25 are combined.

It is to be noted that actual Jjudgment of mode may be
carried out similarly to the motion predictive mode and the block
data generation mode in the first embodiment, for example.

The address generator 31 control the group of frame memories
10 so as to output macro block data generated as block data in
accordance with the mode data PDFM/PDFD every macro block, for
example, with respect to picture data stored in the group of
frame memories 10. Namely, in the case where the above-mentioned
mode .data is datarzPDFM indicating coding processing evary tTrame,

the address generator 31 control the group of frame memorizs 10
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so as to output macro block data shown in FIG. 5(B). Thus, unit
block data of the macro block sent to the DCT circuit 13 is data
in which even fields and odd fields are combined.

In contrast, in the case where the above-mentioned mode data
is data PDFD 1indicating coding processing every field, the
address generator 31 controls the group of frame memories 10 so
as to sequentially output, by one frame (one picture), odd fields
of respective macro blocks in the odd cycle thereafter to
sequentially output, by one frame (one picture), even fields of
respective macro blocks in the even cycle. Thus, unit block data
of the macro block sent to the DCT circuit 13 is macio block data
comprised of only odd fields in the odd cycle and is macro block
data comprised of only even fields in the even cycle.

Namely, in the above-described efficient coding apparatuses
of the first and second embodiments, since switching between the
frame predictive mode and the field pred stive mode in the motion
prediction, and/or between the frame orthogonal transform mode
and the field orthogonal transform mode in generation of block
data in the DCT processing can be carried out every macro block,
the highest efficient coding can be made every macro block.

The coding apparatuses of the first and second embodiments
carry out motion prediction and DCT transform processing as shown
below every format of so called a digital VTR, for example.

In FIG. 11, and FI33. 10(A), (B),

fields constituting the [ frame (I-picture) are assumed to
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be an Io field (odd field of the I frame) and Ie field (even
field of the I frame),

fields constituting the P frame (P picture) are assumed to
be a Po field (odd field) and a Pe field (even field), and

fields constituting the B frame (B picture) are assumed to
be a Bo field (odd field) and a Be field (even field).

In the first and second embodiments, as shown in FIG. 5(B)
referred to before, the frame orthogonal transform mode 1in
generation of block data is a mode in which odd fields are even
fields are combined to constitute the macro blocks (i.e.,
constitute macro blocks every frame) to use this macro block as
a processing unit. Further, as shown in FIG. 5(C) referred to
above, the field orthogonal transform mode in generation of block
data is a mode to constitute macro blocks separately by odd and
even fields (i.e., constitute macro blocks every field) to use
this macro block as a processing unit. Accordingly, in one
frame, for example, switching between the frame orthogonal
transform mode and the field orthogonal transform mode is carried
out every macro block.

Further, in the efficient coding apparatus of the first and
second embodiments, with respect to one frame, the <coding
processing is divided into an odd cycle of a time period during
which scan of odd fields in an interlaced scan is carried out and
an even.cycle during which scan of even fields i:v 1he interlaced

scan is carried out.
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In the first embodiment, e.g., in the case of handling a
digital VTR format of so called 4:2:0 component, as shown in FIG.
9, when generation of block data is carried out in the frame
orthogonal transform mode, DCT processing of respective unit
b]ocké of a macro block comprised of luminance blocks YO Y1, Y2,
Y3 of odd and even fields and color difference blocks CbO, Crit
of the odd field is carried out.

Oon the contrary, when genaration of block data is carried
out in the field orthogonal transform mode; DCT processing of
respective uﬁit blocks of a macro block comprised of ]umihance
blocks Y020, Y130 of resbactive odd fields, luminance blocks
Y02e, Y13e of respective even fields, and color difference blocks
CbO, Cr1 of odd fields is carried out.

With respect to the motion prediction in the case of the
example of FIG. 9, as shown in FIG. 10(A), when the prediction
mode is the frame predictive mode, a motion prediction MCP
between thé I frame and the P frame can be carried out. On the
contrary, in the field predictive mode, a motion prediction MCoPo
between the Io field and the Po field, a motion prediction PCoPe
between the Io field and the Pe field, a motion prediction MCePo
between the Ie field and the Po field, and a motion prediction

MCePe between the Ie field and the Pe field can be carried out.

Namely, 1in the case of FIG. 10(A), the motion predictive

processing and tihe.orecessing for generating block data can exist

independaently with rezpect to the frame prediction/processing
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mode and the field prediction/processing mode. In the frame
prediction mode, one motion vector 1s_determ1ned. In the field
prediction mode, two motion vectors are determined.

Accordingly, in the first embodiment, when generation of
block data is carried out in the frame orthogonal transform mode;
the Io field and the'Ie.fie1d are combined in the above—-mentioned
odd cycle. Thus, the macro block is constituted. For example,
in the odd cyé]e, DCT processing (DCT processing is carried out
every unit b]oék of 8x8 pixels), quantization, and variable
length coding are carried out. every macro block. On the
contrary, no data is transmitted.in the even c&c]e.

When generation of block data is carried out in the field
orthogonal transform mode, the macro block is constituted with
the Io field and the Ie ffe]d being separate with each other 1in
the odd cycle. Thus, DCT processing (DCT processing 1is carried
out every unif block of 8x8 pixels), quantization, and variable
length coding are carried out every macro block. Oon the
contrary, no data is transmitted in the even cycle as seen from
FIG. 9.

Ih the case of the P frame, processing as described below
will be conducted. Fof example, when generation of block data
of the P frame is carried out in the frame orthogonal transform

mode and the motion prediction 1is carried out in the frame

- prediction mode, an apprcach is eémpi-oyed in the odd cycle “fo::«

assume a reference picture *o be a cicture forward in time
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(picture of one frame) to detect a motion vector MVP between
frames to assume the macro block in which Io fields and Ie fields
are combined one after another as a predictive picture to encode
a difference between the predictive picture and an original
picture. On the other hand, no data is transmitted in the even
cycle. |
When generation of block data of the P frame is carried out
in the frame orthogonal transform mode and the motion prediction
is carrijed out in the field prediction mode, an approach is
employed in the odd cycle to respectively assume the Io field and
the Ie field (or the Po field and the Pe field) to be reference
pictures to detect a motion vector MVoPo between the Io field and
the Po field, a motion vector MVePo between the Ie field and the
Po field, a motion vector MVoPe between the Io field and the Pe
field, and a motion vector MVePe between the Ie field and the Pe
field to select a prediction in which a predictive error between
a reference frame and a current P frame is minimum of prediction
of odd fields, prediction of even fields, and prediction obtained
by combining the both predictions (e.g., an average of prediction
of even fields and prediction of odd fields) to assume the macro
block in which Io fields and Ie fields are combined as a
predictive picture to encode a difference between the predictive
picture and an original picture. On the other hand, no data is
transmitiad in the even cyclé.

ruriher 'when generation of block data of the P frame ig
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carried out in the field orthogonal transform mode and the motijion
prediction 1is carried out in the frame prediction mode, an
approach is employed in the odd cycle to assume a reference
picture to be a picture of the I frame (or a picture of the P
frame) to detect a motion vector MVP between frames to assume the
macro ‘block constructed so that Io fields and Ie fields are
separate with each other as a predictive picture to encode a
difference between the predictive picture and an original picture
(a macro block constructed so that Po fields and Pe fields are
separate with each other). On the other hand, no data is
transmitted in the same manner as above in the even cycle.

When generation of block data of the P frame is carried out
in the field orthogonal transform mode and the motion prediction
is carried out in the field prediction mode, an approach is
employed in the odd cycle to respectively assume the Io field and
the Ie field (or Po field and Pe field) to be reference pictures
to detect a motion vector MVoPo between the Io field and the Po
field, a motion vector MVePo between the Ie field and the Po
field, a motion vector MVoPe between the Io field and the Pe
field, and a motion vector MVePe between the Ie field and the Pe
field to select a prediction in which a predictive error between
a reference frame and a current P frame is minimum of prediction
of odd fields, prediction of even fields (e.g., an average of
prediction of even fields and urediztion of odd fields) 'ttd' assume

the macro block constructad sc that Io fields and Ie fields are
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separate with each other as a predictive picture to encode a
difference between the predictive picture and an original picture
(a macro block constructed so that Po fields and Pe fields are
separate with each other). On the other hand, no data is
transmitted in the even cycle.

In the case of the B frame, processing as described below
will be carried out.

For example, when generation of block data of the B frame
is carried out in the frame orthogonal transform mode and the
motijon prediction is carried out in the frame prediction mode,
an approach is employed in the odd cycle to assume a reference
picture to be pictures forward and backward in time to detect
motion vectors between frames, i.e., a motion vector FMVB between
the I frame and the B frame and a motion vector BMVB between the
P frame and the B frame to select a prediction in which a
predictive error between a reference frame and a current frame
is minimum of the forward prediction, the backward prediction and
the bidirectional prediction (average of the forward prediction
and the forward prediction) to assume the macro block.in which
odd fields and even fields are combined one after another as a
predictive picture to encode a difference between the predictive
picture and an original picture. On the other hand, no data is
transmitted in the even cycle.

When generation of block data of 'the B frame 1is carried ouw

in the frame orthogonal transform mode and the motion pradiction
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is carried out in the field predictive mode, an approach is
employed in the odd cycle to assume a referenée picture to be
pictures forward and backward in time to respectively carry out
prediction of odd fields and prediction of even fields W1th
respect to these pictures to detect motion vectors, i.e., a
motion vector FMVoBo between the Io field and the Bo field, a
motion vector FMVeBo between the Ie field and the Bo field, a
motion vector FMVoBe between the Io field and the Be field, a
motion vector FMVeBe betweén the Ie field and the Be field, a
motion vector BMVoBo between the Po field and the Bo field, a
motion vector BMVeBo between the Pe field and the Bo field, a
motion vector BMVoBe between the Po field and the Be field, and
a motion vector BMVeBe between the Pe field and the Be field to
select a prediction in which a predictive error between a
reference frame and a current frame of prediction of odd fields
prediction of even fields by respective vectors, and prediction
obtained by combining them (e.g., an average of prediction of
even fields and prediction of odd fields) to assume the macro
block in which Io fields and Ie fields (or Po fields and Pe
fields) are combined as a predictive picture to encode a
difference between the predictive picture and an original
bicture. On the other hand, no data is transmitted in the even
cycle. |

Further, when generation of block data .of.the B frame is

carried out in the fictd orithogenal transform mode and the motion
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bredicfion is carried out 1in the frame prediction mode, an
approach is employed 1in the  odd ¢yc1e to assume a reference
picture to be pictures forward and backward in time to detect
motion vectors between frames, 1.é., a motion vector FMVB between
the I frame and the B frame and a motion vectorvBMVB between the
P frame and the B frame to select a prediction in which a
predictive error between a reference framevand a current frame
is minimum of the forward prediction, the backward prediction,
and bidirectional prediction (an average of the forward
prediction and the backward prediction) to assume the macro block
constructed so that odd fields and even fields are separate with
other as a predictive picture to encode a difference between the
predictive picture and an original picture. On the other hand,
no data is transmitted in the even cycle.

When generation of block data of the B frame is carried out
in the field orthogonal transform mode and the motion prediction
is carried out in the field prediction mode, an épproach is
employed 1in the odd cycle to assume a reference picture to be
pictures forward and backward in time to respectively carry out
prediction of odd fields and prediction of even fields with
respect to these pictures to detect respective motion vectors,
i.e., a motion vector FMVoBo between the Io field and the Bo
field, a motion vector FMVeBo between the Ie fjeld and the Bo

field, a motion-vector FMVoBe betweeh the'Io field and :ip
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field, a motion vector BMVoBo between tiie Po field and the Bo
field, a motion vector BMVeBo between the Pe field and the Bo
field, a motion vector BMVoBe between the Po field and the Be
field, and a motion vector BMVeBe between the Pe field and the
Be field to select a prediction in which a predictive error
between a reference frame énd a current frame is minimum of
prediction of odd fields and prediction of even fields by
respective vectors-and the prediction obtained by combining both
predictions (e.g., an average of prediction of even fields and
prediction of odd fields) to assume the macro block constructed
so that Io fields and Ie fie{ds (or Po fields and Pe fields) are
separate with each other) as a predictive picture to encode a
difference between the predictive picture and an original
picture. On the other hand, no data is transmitted in the even
cycle.

It is to be noted that, in the case of the first embodiment,
as seen from FIG. 10(A), it is impossible to carry out a motion
prediction between the Io field and the Ie field, a motion
prediction between the Po field and the Pe field, and a motion
prediction between the Bo field and the Be field.

In this case, if the prediction system of the second
embodiment is employed, prediction from odd fields to even fields

can be carried out in respective pictures. Namely, as shown in

- FIG. 12, for exazmple, when- generation af:.hlock datd is carrijed

out in zTh2 fiams orthogonal ' transform mode, an approach: is
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employed 1in the odd cycle to carry out DCT processing of
respective unit blocks of a micro block MB comprised of luminance
blocks YO, Y1, Y2, Y3 of odd and even fields and color difference
blocks Cb0O, Cr1 of odd fields. Further, when generation of block
data is carried out in the field orthogonal transform mode, an
approach is employed in the odd cycle to carry out DCT processing
of respective unit blocks comprised of respective luminance
blocks Y020, Y130 of odd fields and respective color difference
blocks CbO, Cr1 of odd fields. Thereafter, an approach is
employed in the even cycle to carry out DCT processing of
respective unit blocks comprised of respective luminance blocks
Y02e, Y13e of even fields.

The motion prediction in the case of the example of FIG. 12
is as follows. Namely, as shown 1in FIG. 10(B), a motion
prediction SMCI between the Io field and the Ie field, and a
motion prediction SMCP between the Po field and the Pe field can
be carried out in addition to respective motion predictions MCP,
MCoPo, MCoPe, MCePo and MCePe of FIG. 12.

Accordingly, in the second embodiment, for example, when
generation of block data of the I frame is carried out in the
frame orthogonal transform mode, an approach is employed in the
odd cycle such that the Io field and the Ie field are combined,
whereby the macro block is constituted. Thus, in the odd cycle,
tor example, DCT processing (DCT processing is carried out every

unit block of 8x8 pixels), quantization, and variable length
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coding are carried out every macro block. On the contrary, no
data is transmitted in the even cycle.

When generation of block data is carried out in the field
orthogonal transform mode, an approach is employed in the odd
cycle to similarly encode only odd fields of the macro block.
Thus, for example, at the time point when the odd cycle is
completed, the entirety of the Io field and the macro block
portion of the Ie field by the frame orthogonal transform mode
can be obtained. Further, in the even cycle of the I frame,
motion prediction is carried out with the Io field being as a
reference picture with respect to the macro block of the Ie field
by the field orthogonal transform mode to encode a difference
picture between that motion vector SMVI and the predictive
picture.

In the case of the P frame, processing as described below
will be carried out. For example, when generation of block data
of the P frame is carried out in the frame orthogonal transform
mode and the motion prediction 1is carried out in the frame
prediction mode, an approach is employed in the odd cycle to
assume a reference picture to be a picture forward in time
(picture of the I frame) to detect a motion vector MVP between
frames to assume the macro block in which Ic field and Ie field
are combined as a predictive picture to encode a difference
between the predictive picture and an original picture. On vui..

other hand, no data is transmitted in the even cycle.
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wWhen generation of block data is carried out in the field
orthogonal transform mode and the motion prediction 1is carried
out in the field prediction mode, an approach is employed in the
odd cycle to resperctively assume the Io field and the Ie field
(or Po field and Pe field) to be reference nictures to detect a
motion vector MVoPo between the Io field and the Po field and a
motion vector MVePo between the Ie field and the Po field to
select a prediction in which a predictive error between the odd
or even field of a reference frame and the odd field of a current
frame is minimum of the pre2diction of the odd field, prediction
of the even field and the prediction obtained by the both
predictions (e.g., an average of prediction of the even field and
the prediction of the odd field) to encode a difference between
an original picture and the predictive picture.

On the contrary, an approach is employed in the even cycle
of this mode to detect, with respect to macro blocks in the field
orthogonal transiform mode, a motion vector MVoPe between the Io
field and the Pe field, a motion vector MVePe between the Ie
field and the Pe field, and a motion vector SMVP between the Po
field and the Pe field to select a prediction in which a
predictive error is minimum from the prediction of odd fields,
the prediction of even fields, and the predicticn of the odd
fields of a current frame by respective vectors (motion
pradiction from the Po field to carry cut only the even cycle),

and the prediction by an average of two predictions selected from
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the above-mentioned predictions, thus to encode a difference
between an original picture and the predictive picture.
Further, for example, whe . ﬁération of block data of the
B frame is carried out in the f, thogonal transform mode and
the motion prediction 1is carriec out in the frame prediction

mode, an approach is employed in the odd cycle to assume a

reference picture to be pictures forward and backward in time to

detect motion vectors between frames, i.e., a motion vector FMVB
between the I frame and the B frame and a motion vector BMVB
between the P frame and the B frame to select a prediction in
which a predictive error between a reference frame and a current
frame 1is minimum from the forward prediction, the backward
prediction, and the bidirectional prediction (average of the
forward prediction and the backward prediction) to encode a
difference between an original picture and that predictive
picture. On the other hand, no data is transmitted in the even
cycle.

When generation of block data is carried out in the field
orthogonal transform mode and the motion prediction is carried
out in the field prediction mode, an approach is employed in the
odd cycle to assume a reference picture to be pictures forward
and backward in time to respectively carry out prediction of odd
fields and predictfon of even fields with respect to these
pictures to detect respective motion vectors, i.e., a motion

vector FMVoBo between the Io field and the Bo field, a motian
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vector FMVeBo between the Ie field and the Bo field, a motion

vector BMVoBo between the Po field and the Bo field, and a motion

vector BMVeBo between the Pe field and the Bo field. In the same
manner as stated above, prediction in which a predictive error
is minimum ‘is selected to encode a difference between an original
picture and that predictive picture.

Further, an approach 1is employed in the even cycle of this

mode to carry out respective predictions by a motion vector

FMVoBe between the Io field and the Be field, a motion vector
FMVeBe between the Ie field and the Be field, a motion vector
BMVoBe between the Po field and the Be field, and a motion vectcr
BMVeBe between the Pe field and the Be field in addition to
prediction of odd fields of a current frame (i.e., prediction by
a motion vector SMVB between the Bo field and the Be field) to
select a prediction in which a predictive error is minimum, thus
to encode a difference between an original picture and that
predictive picture.

Further, in the first embodiment, in the case of handling
a digital VTR format of so called 4:2:2 component, an approach
is employed as shown in FIG. 13 such that when the orthogonal

transform mode 1is the frame orthogonal transform mode, DCT

processing of respective unit blocks of a macro block comprised
1 of luminance blocks YO, Y1, Y2, Y3 of odd and even fields and
color difference blocks CbO0O1, Cro1, Cb23, Cr23 of odd and even

4 fields is carried out. On the -other hand, when the orthogonal
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transform mode is the field orthdgona] transform_mode, DCT
processing of respective unit blocks of a macro block comprised
of luminance blocks Y020, Y130 of odd fields, color difference
blocks Cb01230, Cr01230 of respective odd fields, 1um1nance.
blocks Y02e, Y13e of even fields, and color difference blocks
Cb0123e, Cr0123e of even fields is carried out.

The motion prediction in the case of the example of FIG. 13
is as shown in FIG. 10(A) referred to above. As seen from this
figure, motion prediction between the Io field and the Ie field,
motion prediction between the Po field and the Pe field, and
motion prediction between the Bo field and the Be field cannot
be carried out.

Accordingly, in ‘this case, the prediction system of the
second embodiment may be used_as described above. Namely, when
generation of block data is carried out in the frame orthogonal
transform mode, as shown in FIG. 13, for example, an approach is
employed in the odd cycle to carry out DCT processing  of
respective unit blocks of a macro block comprised of luminance
blocks YO, Y1, Y2, Y3 and color difference blocks Cb01, CroO1,
Cb23, Cr23 of odd and even fields. Further, when generation of
block data is carried out in the field orthogonal transform mode,
an approach 1is employed in the odd cycle to carry out DCT

processing of respective unit blocks of respective luminance

- biocks Y020, Y130 of the odd fields and respective color

difference blocks Cb01230, Cr01230 of the .odd fields.
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Thereafter, an approach is employed 1in the even cycle to carry
out DCT processing of respective unit blocks of respective
Tuminance blocks Y02e, Y13e of even fields and respective color
difference blocks Cb0123e, Cr0123e of even fields.

The motion prediction in the case of the above-mentioned
example of FIG. 13 is the same as that of FIG. 10(B).

Furthermore, 1in the first and second embodiments, in the
case of handling a digital VTR format of the 4:2:2 component, the
motion prediction of frame is carried out every macro block MB
as shown in FIG. 14, for example, in additijon to processing as
shown in FIG. 13 referred to above. 1In the case of carrying out
motion prediction of field, a certain macro block MB (i, j) and
a macro block MB (i+1, j) positioned therebelow may be combined
into a group to carry out motion prediction of odd fields and
motion prediction of even fields with respect to the group of
these macro blocks MBg.

The extracted diagram of a macro block of a portion of the
frame in the case of the example of FIG. 14 is shown in FIG. 15.
In FIG. 15, the processing is assumed to proceed in a direction
indicated by arrows. Namely, in FIG. 15, a subsequent macro
block MB (i, j+1) relative to a certain macro block MB (i, j) and
macro blocks Mb (i+1, j) and MB (i+1, j+1) positioned therebelow
(of the next 1ine) are indicated.

In a macro block as shown in FIG. 15, for example, 1in the

case of the frame orthogonal transform mode, respective luminance
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blocks VYO, Y1 and color difference blocks Cb0O1, Cro0i are
subjected to DCT processing every respective macro blocks MB (1,
J), MB (i, J+1), ---, MB (i+1, J), MB (i+1, Jj+1) ---. For this
reason, in the case of the frame orthogonal transform mode, the
processing of respective macro blocks are not affected by the
processing modes of other macro blocks.

On the contrary, in the case of the field orthogonal mode,

an approach is employed as shown in FIG. 16 to divide a macro

block constituting the set MBg of macro blocks into a macro block
MBgo of odd field and a macro block MBge of even field to carry
out DCT processing of 1luminnace blocks YO0o, Ylo and color
difference blocks CbO1o, Cr0O1o in the macro block MBgo of odd
field.

Assuming now that, e.g., the set MBg of macro blocks consist
of macro blocks Mb (i, j) and MB (i+1, 3j) of FIG. 15, luminance
block Y0o, Y1o in the macro block MBgo of odd field in the macro
block MBg consist of luminance blocks of odd fields of the macro
block MB (i, j) and luminance blocks of odd fields of the macro
block MB (i+1, j). Further, color difference blocks Cb01o, Cr0O1o
in the macro block MBgo of odd fields similarly consist of color
difference blocks of odd fields of the macro block MB (i, j) and
color difference blocks of odd fields of the macro block MB (i+1,
J).

In a manner.similar to the above, luminance blocks YOe, Yie

in the' macro block MBge of even fields consist of luminnace
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blocks of even fields of the macro block MB (i, j) and luminance
blocks of even fields of the macro block MB (i+1, j). Further,
color difference blocks Cb0O1e, Cr0l1e in the macro block MBge of
even fields consist of color difference blocks of even fields of
the macro block MB (i, Jj) and color difference blocks of even
field of the macro block MB (i+1, Jj).

From the fact as described above, the relationship between
the motjon prediction and respective DCT. processing 1is as
described below. Namely, 1in .the coding apparatus of . this
embodiment, in the case where the motion prediction is carried
out in the frame orthogonal transform mode and DCT processing is
carried out in the frame orthogonal transform mode with respect
to, e.g., the macro block MB (i, Jj), a picture decoded in the
group of frame memories 20 with a.motion compensator is assumed
to be a reference frame to carry out DCT processing of a
difference between a predictive picture taken out from the
reference frame and an input picture (original picture). Then,
DCT coefficients and frame motion vectors are transmitted.

Moreover, for example, in the macro block MB (i, j), in the
case of the motion prediction in the field orthogonal transform
mode and DCT processing in the field orthogonal transform mode,
at this macro block MB (i, J) a difference between a predictive
picture taken out form odd fields and an original picture of odd
fields and motion vectors of odd fields are coded. Furtner, at

the macro block MB (i+1, j) a difference between a predictive

R

o i




i
i
i

NN e et

ey 4o

58
picture taken from even fields and an original picture of even
fields, and motion vectors of even fields are coded.

Further, for example, in the macro block MB {i, j), in the
case of the motion prediction in the field orthogonal transform
mode and the DCT processing in the frame orthogonal transform
mode, at this macro block MB (i, j), a frame difference between
a predictive picture with respect to the position of the macro
block MB (i, J) taken out from a reference frame and an input
picture, motion vectors of odd fields, and motion vectors of even
fields are transmitted. Moreover, at the macro block MB (i+1,
j), a frame difference between a predictive picture with respect
to the position of the macro block MB (i+1, j) taken out from a
reference frame and an input picture is transmitted.

Further, for example, in the macro block MB (i, Jj), in the
case of the motion prediction in the frame orthogonal transform
mode and the DCT processing in the field orthogonal transfora
mode, at this macro block MB (i, Jj), a difference between a
predictive picture taken out from odd fields and an original
picture of odd fields, frame motion vectors of the macro block
MB (i, Jj), and frame motion vectors of the macro block MB (i+1,
j) are transmitted. 1Inh addition, at the macro block MB (i+1, j),
a difference between a predictive picture of odd fields and an
input picture 1is transmitted.

Meanwhile, in this coding apparatus, an apprcach is employed

to add expansion bits to the conventional macro block type to
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allow this apparatus to be compatible with ~conventional
apparatuses, thereby realizing this coding system (format).

Namely, in the case of the first embodiment, for example,
in the B frame, there are three prediction systems of the forward
prediction, the backward prediction, and the bidirectional
prediction as the macro block type. With respect to the forward
prediction, when the prediction mode 1is the field prediction
mode, two kinds of predictions from an odd field and an even
field of a former frame are conceivable. Accordingly, by adding
an expansion bit for recognizing whether a prediction employed
is any of two kinds of predictions, the coding format of this
invention is realized. Since there are two kinds of predictions
in this case, it 1is sufficient to add one bit as expansion bit
with respect to one direction (forward or backward prediction).
For example, in the forward or backward prediction, in the case
of prediction from an odd field, it is sufficient to add, as an
expansion bit, code "1" to the conventional macro block type; and
in the case of prediction from an even field, to add, as an
expansion bit, code "0" to the conventional macro block type.
In addition, 1in the case of the bidirectional prediction,
bidirectional expansion bits are added with respect to the
forward or backward prediction.

It is to be noted that if the prediction mode 1is the frame
prediction mode, no expansion bit is added to adopt the same form

as that of a conventional bit stream.

TERRR ST T




| Bl

2‘

60

This may similarly apply to the case of the P frame.

In the case of the second embodiment, for example, in the
B frame, there are forward prediction, backward prediction, and
bidirectional prediction as described above as the macro block
type. With respect to the forward prediction, at the time of the
field prediction mode, an expansion bit for recognizing whether
a prediction employed is prediction from an odd field, prediction
from an even field, or prediction from an odd field in a current
frame must be added to the macro block type. Namely, 1in the
field prediction mode of the forward prediction, since there is
prediction from in the current frame, an expansion bit of one or
two bits is required in order to represent three Kkinds of
predictions including predictions from odd and even fields with
an expansion bit. On the other hand, in the field prediction
mode of the backward prediction, since there are only two kinds
of predictions from odd and even fields, one bit 1is always
required as an expansion bit. Namely, it is sufficient to add
the following codes to the conventional macro block type as an
expansion bit depending upon the kind of predictions. For
example, in the forward prediction, in the case of prediction
from an odd field of a former frame, code "1" 1is added; in the
case of prediction from an even field of a former frame, code
"01" is added; and jn the case of prediction from an odd field
of a current frame, code "11" 1is added. On the other hand, in

the backward predictijon, in the case cof prediction from an odd
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field of & later frame, code "1"” is added; and 1in the case of
prediction from an even field of a later frame, code "0" is
added.

It is to be noted that if the prediction mode is the frame
prediction mode, no expansion bit is added to adopt the same form
as that of the conventional bit stream (MPEG). In addition, in
the case of the bidirectional prediction, bidirectional expansion
bits are added with respect to the forward or backward
prediction.

This may similarly apply to the case of the P frame.

Further, a scheme may be employed as a modification thereof
to reduce the number of expansion bits in the:-case of the forward
prediction to one bit. Namely, in the even cycle in the field
prediction mode, as shown in FIG. 17, prediction from an odd
field of a former frame having the maximum time difference
relative to a current frame is abolished to thereby reduce the
number of <Tforward prediction modes to two, thus making it
possible to transmit the forward prediction mode by expansion
of one bit. Namely, it is sufficient to add the following codes
to the conventional macro block type as an expansion bit
depending upon the kind of predictions. 1In actual terms, in the
forward prediction in the odd cycle, in the case of prediction
from an odd field of a former frame, code "1" is added; and in
the case of prediction from an even field of a former frame, code

"0" is added. Further, in the forward prediction in the even
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cycle, in the case of prediction from an odd field of a current
frame, code "1" is added; and in the case of prediction from an
even field of a former frame, code "0" is added. 1In addition,

in the forward prediction, in the case of prediction from an odd

field of a later frame, code "1" is added; and in the case of

prediction from an even field of a later frame, code "0" is

added.

[Description of the third embodiment]
FIG. 3 shows an efficient coding apparatus for a picture

signal of a third embodiment of this invention. In FIG. 3,

1: blocks to which the same reference numerals as those of FIG. 1

are attached have the same functions of those of the blocks of

FIG. 1, respectively. Accordingly, explanation will be given in

connection with blocks to which reference numerals different from

those of FIG. 1 are attached.

Namely, the efficient coding apparatus of FIG. 3 comprises
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a mode judgment circuit 33 and selector 24 serving as mode
: - selection means for Jjudging, by using information outputted from
| the motion‘detection means, which any one of an efficiency in
the case where the motion compensation is carried out in the
frame prediction mode and generation of block data for orthogonal
transform brocessing is carried out in the frame orthogonal
transform mode and an ‘efficiency in the case where motion

compensation is carrijed out in the field prudigtion mode and
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generation of block data for orthogonal transform processing is
carried out in the field orthogonal transform mode has a higher
value, thus to select a prediction mode of a higher efficiency;
and an address generator 35 serving as address generation means
adapted for recognizing whether a current cycle is an odd cycle
of a time period during which scan of odd fields is carried out
or an even cycle during which scan of even fields is carried out
in an interlaced scan of coding processing with respect to one
frame (one picture) to control a group of frame memories so as
to sequentially output, by one frame, odd fields of macro blocks
in the odd cycle only when the mode of the mode judgment circuit
33 is the mode for the field prediction/field processing,
thereafter to sequentially output, by one frame, even fields of
macro blocks 1in the even cycle.

The efficient coding apparatus for a picture signal of the
third embodiment shown in FIG. 3 further comprises, in addition
to the motion detection means and the frame/field mode judgment
circuit 33, a coding processing mode judgment circuit 34 serving
as third mode selection means for Jjudging which any one of a
first coding procescing mode for adaptively switching generation
of block data for orthogonal transform processing into the frame
orthogonal transform mode @+ the field orthogonal transform mode
every respective macro blccks in one frame to encode respective
macro block data on the basis of a mode obtaiined by switching and

a second coding processing mode for carrying out generation of
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block data for orthogonal transform processing of all macro
blocks in one frame in the field orthogonal transform mode to
encode, by one frame, only odd fields comprised of macro blocks
in an odd cycle of a time period during which scan of odd fields
in an interlaced scan is carried out thereafter to encode, by one
frame, even fields comprised of macro blocks in an even cycle of
a time period during which scan of even fields in the interlaced
scan is carried out has a higher efficiency in coding processing,
thus to select a coding processing mode of a higher efficiency.

As described above, the apparatus of +this embodiment
comprises the address generator 35 for recognizing whether a
current cycle is the odd cycle or the even cycle, whereby when
the coding processing mode is the first coding processing mode,
the address generator 35 controls the group of frame memories 10
so as to output macro block data generated in correspondence with
the block data generation mode for orthogonal transform
processing in the odd cycle, while when the coding processing
mode is the second coding processing mode, the address generator
35 controls the group of frame memories 10 so as to output macro
block data generated in correspondence with the fi&¢1d orthogonal
transform mode in the odd cycle and the even cycle.

In the coding apparatus of this embodiment, which any of the
frame motion prediction mode and the field motion prediction mode
has a higher efficiency irn calrying out motion compensation can

be selected by ilhe above-d«ccribed first mode selection means.
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Further, which any one of the frame orthogonal transform mode and
the field orthogonal transform mode has a higher efficiency in
carrying out orthogonal transform processing can be selected by
the second mode selection means. In this embodiment, selection
of the first and <second modes is carried out by the
above-described frame/field mode judgment circuit 33.

Further, the apparatus of this embodiment carries out mode
selection processing by the first and second mode selection
means, and carries out coding processing in any one of two coding
processing moaes of a ‘higher efficiency with respect to
respective frames. Namely, as described above, in the first
coding processing mode, switching between‘the frame orthogonal

transform mode and the field orthogonal transform mode is

~adaptively carried out every respective macro blocks 1in one

frame, thus to encode respective macro block data.

In additjon, as described above, in the second coding
processing mode, an approach is employed to carry out, in the
field orthogbna1 transform mode, generation of block data for
orthogonal transform processing of all macro blocks in one frame
to encode, by one frame, only odd fields in macro block data in
the odd cycle of a time period during‘which scan of odd fields
(first fields) is carried out thereafter to encode, by one frame,
even fields in macro block data 1in the even cycle of a time
period during which scan of eveh fields (second‘ fields) 1is

carried out. The third mude seiection means is used to Jjudge
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which any one of the first and second coding processing modes has
a higher efficiency in coding, thus to select a coding processing
mode of a higher efficiency.

Namely, 1in the first coding processing mode, there 1is
carried out a processing to adaptively conduct switching between
a mode for encoding block data every frame without dividing each
frame into a first field (odd field) and a second field (even
field) (the above-mentioned frame orthogonal transform mode) and
a mode 1in which each frame is divided into first and second
fields to encode block data every field (the above-mentioned
field orthogonal transform mode) such that the frame orthogonal
transform mode is used in a macro block in which, e.g., movement
of picture is small, and that the field orthogonal transform mode
is used in a macro block in which, e.g., movement of picture is
great.

Accordingly, 1in the <case where the frame orthogonal
transform mode is selected in the first coding piocessing mode,
e.g., in the motion prediction of P and B frames, a motion
prediction fs carried out from frames forward and backward in
time, whereby a difference picture between an original picture
and a predictive picture is subject to orthogonal tran¢t rm (DCT)
processing. Moreover, in the case where the field orthogonal
transform mode is selected in the first coding processing mode,

for example, in the motion prediction-of P and B frames, motion

prediction 1is carried out from the first or second field of
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frames forward and backward in time with respect to the first and
second fields of macro block data, whereby a difference picture
between an original picture and a predictive picture thus
obtained is subjected to DCT processing. From such facts, it can
be said that the first coding processing mode is a coding 1in
which there is no interfield prediction in a frame.
Additionally, 1in this first coding processing mode, coding
processing is carried out in the odd cycle.

In the above-mentioned first coding processing mode, motion
prediction between respective fields in a frame (between an odd

field and an even field in the same frame) cannot be carried out.

Accordingly, in the second coding processing mode of this
embodiment, as described above, an approach is employed to carry
out generation of block data for orthogonal transform processing
of all macro blocks in respective frames in the field orthogonal
transform mode to encode, by one frame, only odd fields in macro
block data in the odd cycle thereafter to encode, by one frame,
even field in macro block data in the evén cycle. Accordingly,
in accordance with the second coding probessing mode, since the
odd field (first field) is coded first, motion prediction of the
even field (second fie]d) can be carried out from the odd field

(first field). From such fact, it can be saijd that the second

coding processing mode is a coding of frame .in which there is an
interfield prediction in =z frame.

Turning back to FIG. 3 for a second time, the selector 24
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selectively outputs, 1in dependency upon motion predictive mode
data MPFM/MPFD from the frame/field mode judgment circuit 33, any
one of data FMMV of motion vectors between frames delivered from
the frame motion detector 22 and data FDMV of motion vectors
between fields delivered from the field motion detection circuit
21. Namely, when the motion predictive data is data MPFD
indicating the field motion predictive mode, the selector 24
selects and outputs motion vector data FDMV from tlie field motion
detector 21, while when the motion predictive mode data is data
MPFM indicating the frame motion predictive mode, the selector
24 selects and outputs motion vector data FMMV from the frame
motion detector 22.

The motion vector data FMMV/FDMV selected at the selector
24 1is sent to the group of frame memories 20 with motion
compensator. Thus, this group of frame memories 20 can carry out
mof,ion compensation every frame or every field on the basis of
the motion predictive mode data MPFM/MPFD and the motion vector
data FMMV/FDMV.

In addition, to the frame/field mode Jjudgment circuit 33,
picture data every macro block read out from the group of frame
memories 10 is also delivered. This frame/field mode judgment
circuit 33 carries out, at the same time, a processing to prepare
a difference picture by using the motion predictive mode data
MPFM/+~I'> and the motion vector.data FMMV/FDMV, and pictuie data

from ihe grcup of frame memories 10 to select, on the basis of
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the difference picture, a mode of processing for generating block
data for orthogonal transform most suitable for a picture
outputted from the group of frame memories 10 and subjected to
DCT processing at the DCT circuit 13. It is to be noted that,
in the case of the I picture (or I frame), data of a picture
(original picture) of the group of frame memories 10 is used in
place of the difference picture.

The frame/field mode judgment circuit 33 outputs data MDFD
of the field orthogonal transform mode in the processing for
generating block data for orthogonal transform processing, or
outputs data MDFM of the frame orthogonal transform mode in the
processing for generating block data for orthogonal transform
processing.

Here, an output of the frame orthogonal transform mode data
MDFM or field orthogonal transform mode data MDFD from the
frame/field mode Jjudgment circuit 33 1is <caused to be in
correspondence with coding mode data EN1/EN2 corresponding to the
first coding processing mode or the second coding processing mode
from the coding processing mode judgment circuit 34.

This coding processing mode judgment circuit 34 Jjudges, by
using picture data every macro block read out from the group of
frame memories 10, which any one of the first and second coding
processing modes has a higher efficiency in coding to output the
coding mode data EM{ or EN2 corresponding.to-the judged result.

In actual terms, the coding processing mode judgment circuit 34
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calculates a sum of differences between absolute values of
respective pixels, e.g., between an odd field (first field) and
an even field (second field) of each frame to output coding mode
data EN?1 indicating that coding in the first coding processing
mode has a higher efficiency when the value of the sum of
differences is less than, e.g., a certain threshold value TO
(i.e., movement of picture is small), and to output coding mode
data EN2 indicating that coding in the second coding processing
mode has a higher efficiency when the value of the sum of
differences is more than TO (movement of picture is great).

It is to be noted that, in judgment in the coding processing
mode judgment circuit 34, motion vector data FDMV from the field
motion detector 21 may be used to carry out judgment. Namely,
such ‘an approach may be employed to select the first coding
processing when mode motion vector data FDi1V between the odd
field and the even field is less than a certain threshold value
t0, and to select the second coding processing mode when that
motion vector data is more than tO.

When the coding mode data EN1/EN2 from the coding processing
mode judgment circuit 34 is sent to the frame/field mode judgment
circuit 33, frame orthogonal transform mode data MDFM or field
orthogonal transform mode data MDFD corresponding to the coding
mode data EN1/EN2 is outputted from the frame/field mode judgment
circuit 383.

Name1 .n-the case where coding mode data from the ceding
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processing mode judgment circuit 34 is data EN1 indicating the
first coding processing mode, the frame/field mode Jjudgment
circuit 33 conducts a processing to adaptively carry out
switching between the. frame orthogonal transform mode and the
field orthogonal transform mode every respective macro blocks in
one frame. Accordingly, the frame orthogonal transform mode data
MDFM or the field orthogonal transform mode data MDFD adaptively
switched is outputted from the frame/field mode judgment circuit
33.

On the contrary, in the case where coding mode data from the
coding processing mode judgment circuit 34 is data EN2 indicating
the second coding processing mode, the frame/field mode judgment
circuit 33 carries out, in the field orthogonal transform mode,
generation of block data for orthogonal transfer processing of
ali macro blocks in one frame as described above. Accordingly,
the field orthogonal transfer mode data MDFD is outputted from
the frame/field mode judgment circuit 33.

Any  one of frame/field orthogonal transform mode data
MDFM/MDFD outputted from the frame/field mode judgmernt circuit
33 and the coding mode data EN1/EN2 from the coding processing
mode judgment circuit 34 are transmitted to the address generator
35 and the group of frame memories 20 with motion compensator.
In addition, the orthogonal transform mode data (MDFM/MDFD), the
motion pr=dictive mode data (MPFM/MPFD), the coding mode data

EN1/EN2, and the moticen vector data (FMMV/FDMV) are sent also %o
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the above-described variable length coding circuit 15.

The address generator 35 controls the group of frame
memories 10. Namely, as described above, in the case of the
first coding processing, the address generator 35 controls the
group of frame memories 10 so as to output macro block data
generated in correspondence with the mode (data MDFM/MDFD) for
generating block data for orthogonal transform processing in the
odd cycle. Further, in the case of the second coding processing
mode, the address generator 35 controls the group of frame
memories 10 so as to output macro block data generated in
correspondence with the field orthogonal transform mode (data
MDFD) in the odd cycle and the even cycle.

In other words, for example, in the case where the first
coding processing mode is selected and the coding mode data ENI
is delivered to the address generator 35, if the orthogonal
transform mode data is, e.g., data MDFM indicating DCT processing
every frame, this address generator 35 controls the group of
frame memories 10 so as to output macro block data in which even
and odd 1ines are scanned one after another as shown in FIG. 5(B)
(macro block data every frame in which odd and even fields are
combined). Namely, 1in this case, the address generator 3%
controls the group of frame memories 10 so that data of four
blocks of 8 Tines x 8 pixels (macro blocks) obtained by dividing
a macro block-of 1~16 1ines into a macrc block of i~3 iines and

a macro block of 9~16 lines is outputted at a time.
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In the case where the first coding processing mode is
selected and the coding mode data EN1 is delivered to the address
generator 35, if the orthogonal transform mode data is, e.g.,
data MDFD indicating DCT processing every field, the address
generator 35 control the group of frame memories 10 so as to
output macro block data in which even and odd 1ines are
separately scanned as shown in FIG. 5(C) (macro block data every
field comprised of the odd and even fields). Namely, the address
generator 35 controls the group of frame memories 10 so that two
blocks of 8 1lines x 8 pixels (macro blocks) are respectively
outputted at a time in the odd and even fields obtained by
dividing 1ines into first 1ine, third 1ine, fifth 1ine, seventh
line, ninth 1ine, eleventh 1ine, thirteenth 1line, and fifteenth
line (respective 1ines of the odd field or the first field); and
second 1line, fourth Tine, sixth 1ine, eighth 1ine, tenth 1line,
twelfth 1ine, fourteenth 1ine, and sixteenth l1ine (respective
1ines of the even field or the second field).

In addition, for example, 1in the case where the second
coding processing mode is selected and coding mode data EN2 is
delivered to the address dgenerator 35, the address generator 35
control the group of frame memories 10 so as to output macro
block data generated in correspondence with the field orthogonal
transform mode in the odd cycle and the even cycle as described
egbove. Namely, for a time:period during which the second coding

processing mode 1is selected, the address generator 35 controls
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the group of frame memories 10 so that two block data of 8x8
(only luminance component as described later) are outputted at
a time. To speak in a practical sense, in the odd cycle, the
address generator 35 controls the group of frame memories 10 so
that macro block data of two blocks of 8x8 only in the odd field
is outputted by one frame (one picture). 1In the subsequent even
cycle, the address denerator 35 controls the group of frame
semories 10 so that macro block data of two blocks of 8x8 only
in the even field are outputted by one frame (one picture).

Picture data outputted from the group of frame memories
controlled by the address generator 35 in a manner as described
above is subjected to DCT processing at the DCT circuit 13 as
previously described. Namely, for example, in the case where the
~irst coding processing mode is selected and the frame orthogonal
transform mode is selected, this DCT circuit 13 carries out DCT
processing at unit block of 8 pixels as shown in FIG. 5(B)
referred to above. Further, for example, in the case where the
first coding processing mode is selected and the field orthogonal
transform mode is selected, the DCT circuit 13 carries out DCT
processing at unit block of 8x8 pixels as shown in FIG. 5(C)
referred to above. In addition, in the case where the second
coding processing mode is selected, as described above, when the
processing cycle is the odd cycle, only odd fields are subjected
to DCT processing at unit block of 8x8; and when the processing

cycle is the even cycle, only even fieids are subjected to DCT
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processing at unit block of 8x8 only.

Further, motion predictive mode data MPFM/MPFD and
orthogonal transform mode data MDFM/MDFD from the frame/field
mode judgment circuit 33, motion vector data FMMV/FDMV selected
at the selector 24, and coding mode data EN1/EN2 from the coding
processing mode judgment circuit 34 are delivered also to %he
group of frame memories 20 with motion compensator. Accordingly,
at the grcup of frame memories 20 with motion compensator, there
is carried out a motion comnensation corresponding to motion
predictive mode - data MPFM FPFD 1in the motion prediction,
ctthogonal transform mode d.ca MDFM/MDFD in the DCT processing
and coding mode data EN1/EN2, and using the motion vector data
FMMV /FDMV.

From facts as described above, the motion predicticn of,
e.g., P and B frames in the case of the first coding processing
and the frame orthogonal transform mode 1is subjected to motion
prediction from former and later frames as shown in . FIG. 6.
Accordingly, at the DCT circuit 13, a difference picture between
an original picture and the predictive picture 1is subjected to
DCT processing (subjected to DCT proucessing at unit block of 8x8
pixels). In FIG. 6, a former frame, a current frame and a later
frame are shown, arrow indicates a motion vector, and MB
indicates a macro block.

Further, in the motion prediction of F and B frames in the

case of.the first coding processing mode and the field ortiogenal
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transform mode, motion prediction is carried out from odd or even
field (first or second field) of the former/later frames with
respect to the odd and even fields of the macro block as shown
in FIG. 7. Accordingly, at the DCT circuit 13, a difference
picture between an original picture and the predictive picture
is subjected to DCT processing (subjected to DCT processing at
unit block of 8x8 pixels). In FIG. 7, an odd field and an even
field of former, current and later frames are shown. In this
figure, arrow indicates a motion vector, and MB indicates a macro
block.

Further, the motion prediction at the time of the field
orthogonal transform mode in the case of the second coding
processing mode is carried out as shown in FIG. 8, for example.
Namely, motion prediction is carried out from odd or even fields
of former/later frames with respect to odd and even fields of the
macro block, and motion prediction between respective fields in
each frame is also carried out. Accordingly, at the DCT circuit
13, a difference picture between an original picture and the
predictive picture is subjected to DCT processing (subjected to
DCT processing at unit block of 8x8 pixels). In FIG. 8,
respective odd and even fields of former, current and 1later
frames are shown. In this figure, arrow indicates a motion
vector and MB indicates a macro block.

From facts as described above, in the efficient codihg

apparatus for a picture signal of the third embodiment, switching
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between coding in which interfield prediction in a frame 1is not
carried out and coding in which interfield prediction in a frame
is carried out is conducted in dependency upon the first or
second coding processing mode (i.e., the quantity of movement of
picture). Accordingly, coding having the highest efficiency can
be made. Particularly, in the case of a frame in which movement
is great, the second coding processing mode is effective.

Further, in this embodiment, with respect to one frame,
coding processing is divided into the odd cycle of a time period
during which scan of odd fields in an interlaced scan is carried
out and the even cycle of a time period curing which scan of even
fields in the interlaced écan is carried out.

From fécts as described above, as shown in FIG. 11, 1in the
case of the motion prediction of P and B frames in the first
coding processing mode, processing similar to that of the first
embodiment is carried out.

Further, when the coding processing mode is the first coding
processing mode, generation of block data for orthogonal
transform processing of fhe B frame is carried out in the field
orthogonal transform mode, and the motion prediction is carried
out in the frame motion prediction modé, an approach is employed
1n‘the odd cycle to assume a reference picture to be pictures
forward and backward in time to detect motion vectors between
frames, i.e.; a motion vector FMVB between the . frame and the

B frame and a motion vector BMVB between the P frames and the B
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frame to select a prediction in which a predictive error between
a reference frame and a current frame is minimum of the forward
prediction, the backward prediction and the bidirectional
prediction (average of the forward prediction and the backward
prediction) to assume, as a predictive picture, the macro block
constructed so that the odd field and the even field are separate
with each other to encode a difference between the predictive
picture and an original picture.

Moreover, when the coding processing mode is the first
coding processing mode, generation of block data for orthogonail
transform processing of the B frame is carried out in the field
orthogonal transform mode, and the motion prediction is carried
out in the field motion prediction mode, an approach is employed
in the odd cycle to assume a reference picture to be pictures
forward and backward in time to carry out prediction of the odd
field and prediction of the even field with respect to these
pictures to detect respective motion vectors, 1i.e., a motion
vector FMVoBo between the Io field and the Bo field, a motion
vector FMVeBo between the Ie field and the Bo field, a motion
vector FMVoBe between the Io field and the Be field, a motion
vector FMVeBe between the Ie field and the Be field, a motion
vector BMVoBo between the Po field and the Bo field, a motion
vector BMVeBo between the Pe field and the Bo field, a motion
vector BMVoBe between the Po finlid and the Be field, ahd'a motion

vegtor BMVeBe betwzen tiie Pe field and the Be field to select a
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prediction in which a predictive error between a reference frame
and a current frame is minimum of the prediction of the odd
field, the prediction of the even field, and the bidirectional
prediction by respective vectors (average of the prediction of
the even field and the prediction of the odd field) to assume,
as a predictive picture, the macro block constructed so that the
Io field and the Ie field (or the Po field and the Pe field) are
separate with each other to encode a difference between the
predictive picture and an original picture. On the other hand,
no data is transmitted in the even cycle of this mode.

It is to be noted that, in the case of the first coding

processing of this embodiment, similarly to the case of the first

embodiment, the motion prediction between the Io field and the

B Ie field, the motion prediction between the Po field and the Pe

e

field, and the motion prediction between the Bo field and the Be
field cannot be carried out.

(& In this case, if the second coding processing mode of this

embodiment is used, prediction from the odd field to the even

g field can be made in respective pictures.
1

- Accordingly, in the case where the processing mode 1is the
'2 second coding processing mode and the orthogonal transform mode

is the field orthogonal transform mode, an approach is employed

to encode, in the odd cycle, only odd fields of macro block data,

data. Thus, at the time point when, e.g., the above-mentiohed

ey —

[ - and to encode, in the even cycle, only even fields of macro block"~
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_odd cycle is completed, the entirety of the Io field is obtained

on the decoder side which will be described later. Accordingly,
in the even cycle of the I frame, with respective to macro block
data of the Ie field by the field orthogonal transform mode, as
shown in FIG. 11, motion prediction is carried out by using the
Io field as a reference picture, thus making it possible to
encode that motion vector SMVI and a difference picture between
an original picture and the predictive picture.

Further, as shown in FIG. 11, in the case of the P frame in
the second coding processing mode, processing as described below
will be conducted. For example, when the motion prediction mode
of the P frame is the frame motion prediction mode, an approach
is employed to detect a motion vector MVP between frames with a
reference picture being as a picture forward in time (picture of
I frame) after the odd cycle and the even cycle to assume, as a
predictive picture, the macro block in which the Io field and the
Ie field are combined to encode a difference between the
predictive picture and an original picture.

When the coding processing mode 1is the second coding
processing mode and the motion prediction of the P frame is
carried out in the field motion prediction mode, an approach is
employed in the odd cycle to detect a motion vector MVoPo between
the Io field and the Po field and a motion vector MVePo between
the Ie field and the Po field with the Io field and the Ie field

being as reference pictures, respectively.
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In the even cycle of this mode, an approach is employed to
detect, with respect to macro block data of the field orthogonal
transform mode, a motion vector MVoPe between the Io field and
the Pe field, a motion vector MVePe between the Ie field and the
Pe field, and a motion vector SMVP between the Po field and the
Pe field to select a prediction in which a predictive error is
minimum from the prediction of the odd field, the prediction of
the even field and the prediction of the odd field of a current
frame by respective vectors, and the prediction by an average of
two predictions selected therefrom, thus to encode a difference
between an original picture and the predictive picture.

Further, for example, when the coding processing mode is the
second coding processing mode and' the motion prediction of the
B frame is carried out in the frame motion prediction mode, an
approach is employed to detect a motion vector FMVB between the
I frame and the B frame, and a motion vector BMVB between the P
frame and the B frame to select a prediction 1in which a
predictive error between a reference frame and a current frame
is minimum of the forward prediction, the backward prediction,
and the " bidirectional prediction (average ©%¥ the forward
prediction and the backward prediction), thus to encode a
difference between an original picture and the predictive
picture.

When the coding processinc mode is the second coding

processing mode and the wmwotion prediction of the B frame is
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carried out in the field motion prediction mode, an approach is
employed in the odd cycle to assume a reference picture to be
pictures forward and backward in time to carry out the prediction
of the odd field and the prediction of the even field with
respect to these pictures to detect respective motion vectors,
i.e., a motion vector FMVoBo between the Io field and the Bo
field, a motion vector FMVeBo between the Ie field and the Bo
field, a motion vector BMVoBo between the Po field and the Bo
field, and a motion vector BMVeBo between the Pe field and the
Bo field.

The motion prediction in the first coding processing mode
in the case of the example of FIG. 3 is as shown in FIG. 10(A)
referred to above. Accordingly, in this case, as described
above, it is sufficient to use the second coding processing mode.

In addition, also in this embodiment, in the case of
handling digital VTR format of 4:2:2 component, the motion
predictive processing of frame is carried out every macro block
MB as shown in FIG. 14 referred to above in addition to
processing as shown in FIG. 13 referred to above. On the other
hand, in the case of carrying out motion prediction of field, an
approach may be employed to combine macro blocks as a group to
carry out motion prediction of the odd field and motion
prediction of the even field with respect to the group of macro
blccks MBg. ihus, in the case .of the frame orthogonal transform:

mode, processing of respective macro blocks are not affected by
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the orthogonal transform mode of other macro blocks.

An example of the configuration of a coding apparatus of a
fourth embodiment is shown in FIG. 18. In FIG. 18, the same
reference numerals are respectively attached to components
similar to those of FIG. 1 referred to above, and their detailed

explanation will be omitted.

[Description of the fourth embodiment]

The apparatus of the fourth embodiment is constructed as a
coding apparatus by three passes wherein three times of
processing are carried out for processing one frame.

Namely, in the apparatus of the fourth embodiment, at the
first pass, processing of the second coding processing mode (mode
having an interfield prediction in a frame) by the fixed
quantization width is carried out; at the second pass, processing
of the first coding processing mode (mode having no interfield
prediction in a frame) by the fixed quantization width is carried
out; and at the third pass, a processing having a lesser number
of bits generated of the processing at the first and second
passes is selected to carry out the selected processing so as to
control the quantization width.

In the apparatus of the fourth embodiment, at the succeeding
stage of the group of frame memories 10, a macro block data
generator 55, a selector switch 57, a circuit 56 for.transforming

macro block data Lo Tield blowuk data (hereinafter referred to as
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a field block data generator depending upon circumstances), and
a selector switch 58 are inserted and connected. 1In addition,
picture data from the group of frame memories 10 is sent to a
motion detector 51 for carrying out frame and field motion
detections. An output from the motion detector 51 is sent to a
mode Jjudgment circuit 52 for selecting frame/field mode 1in
generation of block data for orthogonal processing and the motion
prediction, the group of frame memories 20, and the variable
length coding circuit 15.

Output mode data from the mode judgment circuit 52 is sent
to the group of frame memories 20 and the variable length coding
circuit 15, and field orthogonal transform mode data thereof is
sent to one input terminal of a two-input AND gate 53. To the
other input terminal of the two-input AND gate 53, an output of
a selector switch 59 switched in_dependency upon whether a
current processing is processing of the first, second or third
pass 1is delivered through an inverter 54. In addition, the
output terminal of the two-input AND gate 53 is connected to
switching control terminals of the selector switches 57, 58.

From the variable length coding circuit 15, data indicating
the number of bits generated is outputted. This data indicating
the number of bits generated 1is sent to a selection circuit
(circuit for  Jjudging whether or not there 1is interfield
prediw.ticn in a frame) 60 for selecting a mode of a lesser number

of bits generated of the first and second coding processing modes
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on the basis of the data indicating number of bits generated, and
to a buffer 16. Further, data of a quantity of storage from the
buffer 16 is delivered to the variable coding circuit 15, and to
one selected terminal of a selector switch 61. To the other
selected terminal of this selector switch 61, fixed values of the
first and second passes are delivered.

In such an apparatus of the fourth embodiment, picture data
inputted to the terminal 1 is temporarily stored into the group
of frame memories 10. From the group of frame memories 10,
necessary frame or field data are read out. By using these
picture data thus obtained, motion vectors are determined by the
motion detector 51. The above—mentioned mode judgment circuit
52 carries out judgment of the mode of field/frame every macro
block from a motion prediction residual from the motion detector
51. The macro block data generator 55 connected to the
succeeding stage of the group of frame memories 10 receives
information corresponding to processing of the first, second and
third passes (i.e., information of presence/absence of interfield
prediction in a frame which is the first coding processing mode
or the second coding processing mode). When the macro block data
generator 55 receives information of the second coding processing
mode as the above information, it transmits only block data of
the odd field (first field) thereafter to transmit block data of
the even field (wsecond tield) ‘to stop generation of block data

in the frame orthcacenal transform mode. In addition, in the case
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where picture data in which macro block data is caused to be
block data in the frame orthogonaf transform mode on the basis
of information of the first coding processing mode at the macro
block data generator 55 is judged to be data in the field mode
at the mode judgment circuit 52 from a residual from the motion
detector 51, this data is transformed to block data in the field
orthogonal transfofm mode at the circuit 56 for transforming
input data into field block data.

At the proqessing of the firét and second passes, coding is
cérried out by each fixed quantization width. At the selection
circuit 60, coﬁparison between respective quantities of bits
generated 1is conducted. In dependency upon the compérison
result, a mode of a lesser quantity of bits generatea is selected
every frame of the processing modes having interfield prediction
in a frame and the processing having no such prediction. At the
processing of the third pass, actual coding is carried out. To
information of a mode selected at this time, 1 bit is added evary
frame.

As described above, in accordance with the efficient coding
apparatus for a picture éigna] of this invention, even if, with
respect to a moving picture of the field structure, a picture to
be coded is a picture having small movement or a picthe having
great movement, or a bicture in which such pictures are mixed,
it becomes possible ta efficiently implement field processing ar

frame processing thereto. Accordingly, it 1is posszible t«
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reproduce, with a lesser quantity of information transmitted, a
moving pictﬁre of a high picture quality in decoding in the
efficient décoding apparatus of this invention of which operation

will be described in detail later.

[Description of the embodiment of decoder]

The block diagram of a decoder for a picture signal is showﬁ‘
in FIG. 19. Data coded by the above-mentiocned coding apparatus
is recorded onto a storage medium such as CD, etc. The coded
data reproduced from such CD, etc. s first inputted to an

inverse variable coding circuit 151 through an input terminal 50,

‘at which header information, etc. is decoded every sequence,

every frame grdup, and every frame. In the odd cycle of‘the
frame, header information is decoded every slice (group of macro
blocks), and the quantization width is included in the header
information of this slice. Then, address data of the macro
blocks, field orthogonai transform mode/frame orthogonal
transform mode information, and macro block type data indicating
a decoding system are decoded every macro block, and the
quantization width is decoded in updating.

It is to be noted‘that generation of block data in the macro
block is carried out in the frame orthogonal transforn mode, the
entirety of the macro block data- is decoded in the odd cycle.

whereas inn data is decoded in the even cycle. In addition, in
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the case where generation of block data is carried out in the

field orthogonal transform mode, only block data including odd .

fields of the macro block data is decoded in the odd cycle, and
block data including even fields is decoded in the even cycle.

The picture information is decoded through an inverse
quantizer 153 for carrying out an inverse quantization processing
and an inverse DCT circuit 154 for carrying out an inverse DCT
processing. The picture data thus decoded undergoes a processing
for Jjudging, 1in dependency upon the macro block type data,
whether or not it 1is difference picture information. In
dependency upon the Jjudgment result, a mode switch 157 for
carrying out switching between addition to a reference picture
and no addition to the reference picture (corresponding to
non-intra/intra of the MPEG coding) by an adder 156 is switched.
In the case of the I frame and the P frame, the decoded picture
data are respectively inputted (interchangeably every time the
I frame and the P frame are processed) to frame buffers 164 and
161. On the other hand, in the case of the B frame, the decoded
picture data are inputted to a frame buffer 162. In this
embodiment, each frame buffer is comprised of two field buffers,
and odd/even field picture data are separately stored into the
respective field buffers. Additionally, writing into the frame
buffer is controlled by switching of a switch 158.

At this tiime; an address to be written into the t:irame buffer

is given by any one of address generatcr 81, 82 and &a3. Each
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address generator calculates an address increment value at the
frame buffer from macro block address increment data of the
header information of the macro block to determine Tleading
addresses of respective macro blocks data.

Further, data of each quantization width is stored into the
memory 152 by one field, respectively. This quantization width
data is sent to the inverse quantizer 153 through a switch 155
switched in dependency upon an output of the inverse variable
coding circuit 151, In the even cycle, since only macro block
data processed in the field orthogonal transform mode is decoded,
macro block address data and macro block type data to be decoded

every macro block and motion vectors required for a predictive

~system indicated by the macro block type data are decoded every

field. Then, a difference picture further transmitted is added
to a picture which has been motion—compensated from a reference
field. Thus, a reproduced picture is obtained.

Data of the respective frame buffers 164, 162 and 161 are
motion-compensated by the mdtiéncompensation processing circuits
165, 166, 159, 160 and 163. At this time, these respective
motion compensation circuits carry out switching between motion
compensation of frame and motion compensation of field by the
block generation mode (frame/fie1d) in the DCT processing.

The motion—-compensated pictUres are sent to respective
s@lacted terminals of selector switches 67, 68 and 1. Thes~

selectnar switches 67, 68 and 71 are switched so that a returence
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field or frame indicated by a decoding system of the macro block
type is taken cut. To the selector switch 71, a signal obtained
by adding outputs of the selector switches 67 and 68 at an adder
69 to divide it by two at a divider 170 and an output of the
switch 67 are delivered. An output of this switch 71 1is sent to
the switch 157.

Further, outputs of respective frame buffers 164, 161 and
162 are sent to a display 73 through a selector switch 72. To
the display 73, an output of the selector switch 72 switched so
that picture data are displayed in order of reproduced pictures
in place of the order of decoded pictures is delivered. Thus,
a pictorial image 1is obtained.

From facts as described above, in the case where there is
a moving body CA on this side of a sti11 background as described
in FIG. 23 previously referred to, for example, there is any
motion between fields when attention is drawn to one frame. For
this reason, such a portion takes a comb form. On the contrary,
in accordance with the apparatus of this embodiment, since such
a moving portion is coded in the field orthogona] transform mode,
it can be processed as a picture having no movement, which is
divided every fields. By the motion compensation between
odd/even fields, a moving picture of a high picture quality can
be reproduced with high efficiency. Namely, as shown in FIG. 20,
for example, when the processing cycie is the cdd-cycle, a moving

portion is processed in the field orthogonal tirarnzTorm mude, and
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a still or stationary portion 1is processed 1in the frame
orthogonal transform mode. It is to be noted that the portion
where a picture has been already formed in the even cycle becomes
the portion indicated by slanting lines in FIG. 21. Portions
except for the portion indicated by slanting lines in FIG. 21,
i.e., moving portions are decoded by the motion compensation.

Meanwhile, in this embodiment, since only macro block data
processed in the field orthogonal transform mode 1is decoded in
the even cycle, it is necessary to recognize a macro block
address. There are two methods of recognizing a macro block
addregs. One is a method of transmitting macro block address
data every macro block in the even cycle as previously described.
The other is a method of storing, by one field, information of
field orthogonal transform mode/frame orthogonal transyorm mode
in the odd cycle to obtain, by conversion, macro block address
data which is in the field orthogonal transform mode from a train
of respective processing mode information. The merit of the
former is that supplement of any memory is unnecessary. On the
other hand, the merit of the latter is that there is no increase
in information transmitted. Recognition of the quantization
width may be realized by transmitting such quantization width
data every macro block without taking the method of storing them
by one field in the odd cycle which has been already described.

From facts ‘as:~.described above, in accordance witii the

deccding apparatus of this embodiment, an approach is emsioyed
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to divide the processing of one frame into an odd cycle and an
even cycle to carry out, in the odd cycle, switching between the
frame orthogonal transform mode and the field orthogonal
transform mode every macro block, or to carry out, in the odd
cycle, every macro block, switching between the frame orthogonal
transform mode and the field orthogonal transform mode and also
carry out between the frame motion prediction mode and the field
motion prediction mode, in dependency upon the first or second
processing mode; to both decode the odd field and the even field
in the frame processing, and to decode only the odd field in the
field processing to store a quantization width in the odd cycle
to motion-compensate only macro block data in the field
orthogonal transform mode by using the stored information in the
subsequent even cycle. Accordingly, on the coding apparatus
coded data can . be efficiently +transmitted. Namely, it 1is
possible to reproduce a moving picture of a high picture quality

by a lesser quantity of information transmitted.
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CLAIMS

1. An efficient coding apparatus for a picture.signé], which
is adapted to carry out coding with a macro block comprised of
a two-dimensional arrangement of a piura]ity of pixels being as
a unit, comprising;

motion detection means comprised of means for detecting,
every macro block, motion vectors between frames and a sum of
differences between absolute values of respective pixels, and
meahs for detecting, every macro block, motion vectors between
fields obtained by dividing the frame in dependency upon odd.or
even scans of pixels and a sum of differencés between absolute
.va1ues of respective pixels;

first mode selection means for judging, by uéing information

~outputted from said movement detection means, which any one of

a frame predictive mode for éarrying out motion compensation with
a frame comprised of the macro blocks being as a unit and a field
predictive mode for carrying out motion compensation with a f1e1d
comprised. of the macro blocks being as a unit has a higher
efficiency in carrying out motion compensation, thus to select
a predictive mode of a higher efficiency;

second mode selection means for judging, by using
infc.mation outputted from said motion detection means and said
first mode selection means, which any one of a frame orthogonal

transform mode for transforming input picture data to block data

-
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so as to carry out orthogonal transform processing with a frame
comprised of the macro blocks being as a unit and a field
processing mode for transforming input picture data to block data
so as to carry out orthogonal transform processing with a field
comprised of the macro blocks being as a unit has a higher
efficiency in carrying out orthogonal transform processing, thus
to select a mode for gdgenerating block data of a higher
efficiency;

addresg generation means for recognizing whether a current
cycle is an odd cycle of a time period during which scan of odd
fields in an interlaced scan of coding processing or an even
cycle of a time period during which scan of even fields in the
interlaced scan is carried out with respect to one frame, thus
to control a group of frame memories so as to output macro block
data generated in correspondence with the selected mode for
generating block data in the odd cycle; and

motion compensation means adapted to receive the motion
predictive mode information selected by said first mode selection
means and the block data generation mode information selected by

said second mode selection means.:

2. An efficient coding apparatus for a picture signal, which

is adapted to carry out coding with a macro block comprised of

'a two-dimensional arrangemeni. of a plurality of pixels ‘being as

a unit, comprising:
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motion detection means comprised of means for detecting,
every macro block, motion vectors between frames and a sum of
differences between absolute value of respective pixels, and

means for detecting, every macro block, motion vectors between

field obtained by dividing the frame in dependency upon odd or

j even scans of pixels and a sum of differences between absolute

values of respective pixels;

first mode selection means for judging, by using information

outputted from said motion detection means, which any one of a

frame predictive mode for carrying out motion compensation with

a frame comprised of the macro blocks being as a unit and a field
predictive mode for carrying out motion compensation with a field
comprised of the macro blocks being as a unit has a higher
efficiency in carrying out motion compensation, thus to select
a predictive mode of a higher efficiency;

second mode selection means for judging, by using
information outputted from said motion detection means and said
first mode selection means, which any one of a frame orthogonal
mode for transforming input picture data to block data so as to
carry out orthogonal transform processing with a frame comprised
of the macro blocks being as a unit and a field processing mode
for transforming input picture data to block data so as to carry

out orthogonal transform processing with a field comprised of the

macro blocks being as a unit has a higher efficiency in carrying

out orthogonal transform processing uhus tc select a ‘mode for
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generating block data of a higher efficiency;

address generation means for recognizing whether a current
cycle is an odd cycle of a time period during which scan of odd
fields in an interlaced scan of codihg processing, §r an even
cycle of a time period.during which scan of even fields in the

interlaced scan of coding processing is carried out with respect

to one frame, thus to control a group 6f frame memories so to

sequentially output, by one frame, odd fields‘of respective

macro block data in the odd cycle only when the block data

. generation mode 1is the field processing mode, thereafter to

sequentially output, by one frame, even frames of respective
macro block data in the even cycle; and

motion compensation means adapted to receive motion
predictive mode information selected by salid first mode
selection means and blqck‘data generatidn mode informétion
selected by said second mode selecﬁion.means to execute a motion
compensation interframe = of interfield prediction in

correspondence with the mode information.

3. An efficient coding apparatus for a picture signal, which
is adapﬁed to carry out coding with a macro block comprised of
a two-dimensional arrangement of a plurality of pixelé being as
a unit, comprising:

motion detection means comprised of means for detecting,
every macro block, motion vectors between frames and a sum of

differences between absolute value of respective pixels, and

means for detecting, every macro block, motion vectors between

fields obtained by dividing a frame in dependency upon odd or
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even scans of pixels and a sum of differences between absolute
values of respective pixels;

first mode selection means for judging, by using information
outputted from said motion detection means, which any one of a
frame predictive mode for carrying out motion compensation with
a frame comprised of the macro blocks being as a unit and a field
predictive mode for carrying out motion compensation with a field
comprised of the macro block being as a unit has a higher
efficiency in carrying out motion compensation, thus to select
a predictive mode of a higher efficiency;

second mode selection means for Jjudging, by .using
information outputted from the movement detection means and the
first mode selection means, which any one of a frame orthogonal
mode for transforming input picture data to block data so as to
carry out orthogonal transform processing with a frame comprised
of the macro blocks being as a unit and a field processing mode
for transforming input picture data to block data so as to carry
out orthogonal transform processing with a field comprised of the
macro blocks being as a unit has a higher efficiency in carrying
out orthogonal transform processing, thus to select a mode for
generating block data of a higher efficiency;

third mode selection means adapted for judging whict any one
of a first coding processing mode for adaptively switching the
mode for generating block data, every respective. macro blocks

in one frame, 1into tmne frame processing mode or the field
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procassing mode to encode respective macro block data on the
basis of the respective modes and a second coding processing mode
for carrying out, in the field processing mode, generation of
block data in all macro blocks 1in one frame to encode, by one
frame, only odd fields of macro block data in an odd cycle of a
time period during which scan of odd fields in an interlaced scan
is carried out thereafter to encoude, by one frame, even fields
of the macro block data in even cycles of a time period during
which scan of even fields in the interlaced scan is carried out
has a higher efficiency in coding, thus to select a coding
processing mode of a higher efficiency;

address generation means for recognizing that a current
cycle is the odd cycle or the even cycle, whereby when the coding
processing mode is the first coding processing mode, the address
generation means control a group of frame memories so as to
output macro block data generated in correspondence with the
block data generation mode 1in the odd cycle, while when the
coding processing mode is the second coding processing mode, the
address generation means controls the group of frame memories so
as to output macro block data generated in correspondence with
the field processing mode in the odd cycle and the even cycle;
and

motion compensation means adapted to receive motion
predictive mode information selected by said first mode selection

means and block data generation mode information selected by said
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second mode selection means, thus to execute a motion
compensation interframe or interfield prediction in

correspondence with the mode information.
4. An efficient coding apparatus as defined in claim 1 and

substantially as herein described with reference to an as

illustrated in the accompanying drawings.

DATED this 7th day of July 1995

SONY CORPORATION
By Its Patent Attorneys

GRIFFITH HACK & CO
Fellows Institute of Patent
Attorneys of Australia.
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